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Abstract

The energy use of office building has been attngctjreat attentions due to its significant roléatal
building energy consumption worldwide nowadays. Trtfliencing factors of energy consumption in
office buildings were gradually clarified by resgaers in recent years. Generally speaking, those
factors can be summarized into two categoriesyudicf six factors:

(1) Physical factor, consists of Climate (e.g. outdambient temperature, humidity, solar radiation,
etc.), Envelope (e.g. structure, K-value, etc.) aedhnical system (e.g. lighting, office device,
service system, especially HYAC system, etc.)

(2) Human factor, including Set point (e.g. indoor cohtemperature, carbon dioxide concentration,
fresh air volume, etc.), Operation (e.g. on-offexlie of central systems, etc.) and Occupant
behavior (e.g. switch on-off of lighting, equipmestdtus in after-hours, window opening, etc.)

A number of present studies were more focusinghanlatter three factors, especially the related

occupant behavior in the office building. Theseeegshes are trying to answer what is the driving

force of the energy-related occupant behavior. @/ilis IEA ECBCS ANNEX 53: Total energy use
in buildings-Analysis and evaluation methods, iginty to answering what is the energy-related
occupant behavior, and what is the direct/indifegtact of the behavior (through material/building
culture, energy practice and cognitive norms ofrgyneonsciousness of energy use) to the energy
consumption.

This technical report is under the framework oftask B1l: case study of office and residential

buildings, but only focused on office building. @ffice buildings are contributed by researchersnfro

seven countries, including Austria, Belgium, P.Rir@, France, Italy, Japan and Norway. There are
five small-scaled office buildings and seven lasgaled high-rise office buildings in subtask B1eTh
basic information and total energy use of theseffize buildings are compared. In this report, we
also present a literature review of energy-relatedupant behavior of lighting system, office
appliances, ventilation and window opening, as welheating and cooling system, also its’ impact on
office building, as well as the key findings thrbugvelve case studies by contributors.

There are three major conclusions of occupant behampact on energy consumption in office

building, based on case study:

(1) There is weak relationship between external illuantce and the use of artificial lighting in large-
scaled office building. Occupants usually turn difieial lightings during the working hours. But
occupants in small-scaled office buildings use nmaeiral lighting and save more electricity.

(2) The electricity consumption of centralized systasnhigher than de-centralized system (especially
to lighting system and HVAC system). For examplee energy use of ventilation and air-
conditioning system in large-scaled office buildisdarger than small-scaled office buildings due
to the limitation of operable external windows. Ti@lding operator behavior (i.e. set point, air
change rate, control strategy of circulating purapg fans, etc.) is the decisive factor of elediici
consumption of AC systems as well as cooling conian.

(3) The energy loss can be caused by three aspe@sefgy waste caused by equipment inefficiency,
2) energy loss caused by steam or heat leaking)e8}ricity waste caused by stand-by power
during off duty hours. Thus, it is found that thecopant behavior of night-time standby status is
the key decisive factor of appliances in officelthnig according to the on-site investigation.



1. Boundary of the energy and occupant behavior in oite building

The energy-related occupant behavior is hugely ¢texshaped and influenced by many factors,
some of which are intrinsic to the individual, aoithers are more related to society or culture. The
need to use energy more efficiently is ever moesging in the face of urgent calls to reduce GHG
emissions (Stern, 2007) and to address currertipaied constraints in energy resources (IEA, 2009)
The various investigations and researches invoiueseveral domains: social sciences, economics,
natural sciences, as well as engineering scientisee key questions are studied by multiple
researchers:

1) What is the driving force of the energy-relatedugant behavior?
2) What is the energy-related occupant behavior?
3) What is the direct/indirect impact of the behavdarenergy consumption?

Since the oil shocks of the 1970s, there have beererous studies of the driven force of the energy-
related behaviors from a wide range of disciplinaperspectives. Multiple researchers
(Lutzenhiser,1993, Marechal, 2003, Wilson, 2007asdwell as J. Stephenson et al, 2010) have
reviewed these perspectives, as shown in Figure Thése perspectives includes microeconomics,
behavioral economics, technology adoption modetsiiab and environmental psychology and
sociological theories.

Microeconomics ‘ ‘ Behavioural economics

Rational choice models Bounded rationality
Pricing Family effect
Market structure Decision heuristics
Energy-related
i Occupant Behaviour
Diffusion theories Pro-environmental f Social constructs P
Cognitive dissonance attitudes Social technical

Self-efficacy Habits g;_tgxternal . systems
conditions isi

Social communication Decision makers

culture
Technology adoption models Social & Sociological
Environmental theories

psychology

Figure 1-1: Driving forces of energy-related occapaehavior

The existing mass of literature relating to occupaehavior is a bit skewed towards thermal and
adaptive comfort (J.F. Nicol, 1973, J.F. Nicol, 2081.B. Rigal, 2007, P.O.Fanger, 2002).



For example, the Fanger's Predicted Mean Vote (PMdlel, combines four physical variables (air
temperature, air velocity, mean radiant temperatared relative humidity), and two biological
variables (clothing insulation and activity levéijo an index that can be used to predict the aeera
thermal sensation of a large group of people. ThrgEr's another Draught Model, predicts the
percentage of occupants dissatisfied with localighé from three physical variables (air tempemtur
mean air velocity, and turbulence intensity). Theupant behavior in air conditioned buildings and
naturally ventilated ones are quite different, aad be partially predicted by these two models.
Another example is the natural ventilation. The kbhneys algorithm (Rijal el al, 2007) has been
established for modeling window opening adaptiveay&r in buildings. The model is based on the
indoor temperature and outdoor temperature botenThe model has been applied and developed by
other researchers (Nicol, 2004). However, mosthokeé researches focus on the driven force (i.e.
outdoor/indoor environment, personal requiremett,) eof the occupant behavior, rather than the
impact of behaviors on building energy use.

Thus, under the framework of ANNEX 53: Total enemgge in buildings-Analysis and evaluation
methods, the research boundary of this study shoellemphasis as following chart. This report is
trying to answer the latter two questions at thgidming: What is the energy-related occupant
behavior, and what is the direct/indirect impacttloé behavior (through material/building culture,
energy practice and energy consciousness of energlyto the energy consumption? But ignore the
sophisticated driven force behind occupant behavior

Boundary Building design

Energy-related
Occupant Energy practice
Behaviour

Energy
consumption

Driving force

Cognitive norms

Figure 1-2: Boundary about energy-related occupagtiavior in this research

Besides, the unified definition for basic itemsatetl to building energy use is defined in Subtask-A
(The detailed definition refers to the interim repof Subtask-A). Three boundaries of energy
consumption in buildings are explained and usedrtarnational comparison. The three boundaries
are:

1) E. Energy actual attained by building space or tleeupant’'s activities in the building

through various end usages in the building.

2) E: Energy delivered to the technical systems andiapges of one building.

3) Eg Energy delivered to the central plant of therdisheating and cooling systems.
This report is composing as follows: Session 2ouhiices typology of office building. Session 3
compares the energy use of office building in salveountries, based on the energy boundary
definition. Session 4 to 7 illustrates the literatweview and research result of different systéms
office building, including lighting, office appliae, ventilation and window opening, heating and
cooling system. Session 8 summarizes the key csiocist and Session 9 encloses the reference
survey questionnaire for energy-related occupanatwier in office building in future research.



2. Typology of office building

2.1 Classification of office building

Energy use and occupant behavior depends on tyge, @imary activity, as well as design and
operation of the building. For example, a skyscragéice with banks and companies headquarters
will consume much more energy per square meter @hiavo-floor small office building. The British
Government’s Energy Efficiency Best Practice progree (BRE, 2000) has defined four generic
types of office building as Type 1: naturally vésted cellular, Type 2: naturally ventilated opdarp
Type-3: air-conditioned standard and Type 4: aieittoned prestige. The characters of each type are
shown in the Table 2-1.

Table 2-1 Comparison of four office types defing@Xisting research

Floor area .
Type ranges (@) Energy use related Occupant behavior related
Type 1: naturall Lower illuminance levels; Individual windows;
yp_ ) y 100~3000 - ’ Local light switches;
ventilated cellular Few common facilities .
Heating controls
] llluminance _Igvels, lighting Lights and shared equipment
Type 2: naturally power densities and hours of . .
. . | tend to be switched in larger
ventilated open- | 500~4000 use are higher than type-1;
) : groups and to stay on for
plan More office equipment and
. . longer.
vending machines.
Occupancy is similar with type-
Type 3: air- More intensively used; 2;
conditioned 2000~8000 VAV air-conditioning with Deeper floor plan, and tinted ar
standard air-cooled water chillers. shaded windows which reduce
daylight.
. Usually including catering Occupancy hour is longer;
Type 4: air- . ] . . .
. kitchens or data center; Higher quality design and
conditioned 4000~20000 . . X .
. VAV air-conditioning with environment control parameter
prestige : .
air-cooled water chillers. standard.

The U.S. Department of Energy is also designingddmanced Energy Design Guide for Small to
Medium Office Buildings (DOE, 2011), which defined up to 100,000 square feet (equals to 9,290
square meters), including a wide range of offiggetyand related activities such as administrative,
professional, government, bank or other financiEvises, and medical offices without medical
diagnostic equipment.

Hence, it can be concluded that the office buildiag be divided based on scale, energy consumed
equipment (especially air-conditioning system), upancy hours and energy-related occupant
behavior. Based on characters of case buildings$ribated worldwide, an office building in this
ANNEX can be defined as one of two types: a snlesd office building or a large-scaled high-rise
office building.

1) O1-Small-scaled office building. The total floorearis less than 10,000 square meters.
Usually, using natural ventilation as a prioritgcampanied with packaged air-conditioner or
small scaled centralized air-conditioning systeran(FCoil Unit and Primary Air Unit with
water chillers). Moderate floor plan (the singledit area is usually ranges 200~1,000 square



meters) with simple floor area divisions, such alides, shared offices or team rooms. Only
a local controlled lighting system and necessafig@kquipment are used.

2) O2-Large-scaled high-rise office building. The tolimor area starts with 10,000 square
meters. Designed with a centralized air-conditigngystem (Fan Coil Unit or Variable Air
Volume air-conditioning with water chillers). Deep#oor plan (the single floor area is
usually larger than 1,000 square meter) with migtfpnctioning area, such as open spaces,
cubicle, meeting rooms, support spaces (print apy area, filling space, storage space, etc.),
coffee lounge, etc. Automatic controlled lightingseem and massive of office equipment.

2.2 Review of floor area regulations of office building

Building area mentioned in this report covers aeniange, including gross floor area (GFA), netifloo
area (NFA), heated floor area and conditioned flasra (CFA). By reviewing the building area
definition of different countries, we have notidbdt the building area varies a lot by countriagthis
session, the building area of each country is veeieand compared. It should not be neglected in the
following analysis. In this report, the item of tgs floor area” is used based on the definitiorhouabt

of each country. The data of gross floor area camltained from architecture drawings or on-site
survey.

(1) China
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Figure 2-1: Building area definition in China

1) Gross floor area
- Mainland-inside external surface of external walf. 2-1)
- Hong Kong SAR-The aggregate internal floor areacluding external wall/glazing
thickness) of a building or a building space.
2) Conditioned floor area
The floor area of conditioned floor space is meeguat the floor level within the internal
surfaces of walls enclosing the conditioned space.

(2) France



= o X
M B | Mechankal Q. || Mechanical _ =l Mechanical
OFFICE 1 & | Poom OFFICE 1 z Room
S 8
OaEn : CORRIDOA PARANG CDRRIDOR PARIING : ORRIDOR
{Noa-AC) (Non-AC) = [ {Non-AC)
Ln K = | == ift
OFFICE2 / OFFICE 2 i ] CFFICE 2
OFFICE 3 OFFICE 3 OFFICE 3
| INTERNAL LINE INTERNAL LINE INTERNAL LINE

Figure 2-2: Building area definition in France

1) Gross floor area (SHOB)
Total building area includes external walls andnfrthe top of the floor including roof,
balconies, loggias.

2) Treated floor area
Treated floor area is defined as the internal afd¢he building which is heated. Roof spaces
below 1m height are not included and from 1-2m theyincluded only 50%. Treated floor
area is used for normalization.

3) Net floor area (SHON)
Net floor area is defined as gross area less nipegd roof spaces and basements.

(3) Japan

Mechanical
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Figure 2-3: Building area definition in Japan

Building floor area is calculated as the total flly the horizontal projection of the centre liffettze
compartment floor or other part of the wall.

(4) Norway
1) Gross floor area
Gross floor area is defined as the sum of gross aefeach floor. Gross floor area of each
floor is calculated including external walls.
2) Net floor area
Net floor area is calculated within the internahdnsions of finished building.
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3) Conditioned floor area
Conditioned floor area is a part of gross flooraateat is supplied by heating and cooling
and where set indoor temperature is 19-21 Degltgating period and 22 Deg. C in cooling

x o ©
8 Mechanical 8 Mechanical 8 Mechanical
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vy z ]
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tesea] GFA
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Figure 2-4: Building area definition in Norway
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3. International comparison of energy use in office bilding

3.1 Basic information of case buildings

Under the framework of ANNEX 53, 12 office buildmi@re contributed by researchers from seven
countries, including Austria, Belgium, P.R. Chirfgance, Italy, Japan and Norway (Figure 3-1).
There are five small-scaled office buildings andeselarge-scaled high-rise office buildings. Thiako
floor area ranges 1,000 to 150,000 square meteese(tare two prestigious office building extending
100,000 square meters). Only two individual offtn@ldings utilize natural ventilation rather than
centralized mechanical air-conditioning system.i@agormation is illustrated in Table 3-1, inclungj
gross floor area, building stories, constructiomaryeooling source, heating source, type of aie-sid
device, as well as the level of the data. The dafim of data levels are defined in the database
typology of subtask-A.

__NORO1
NORO02 e
BEL-01e" Aus.o1
o ¢ 1] 2
FROL S R0s ~5 N CHN-03 ¢ JIPN-01

oAl CHN-04 7 9e¢
il FIPN-02

. AN N A - i @
adDay, .} § CHN-01
)2 iy — | CHN-02 5

Figure 3-1: Location of 13 case office buildingsdgwen contributing countries

Table 3-1 Detailed information of 12 office casddings
Code Photo Case contributor and Basic information
contact person

Category: O1

Data level: B
Location:
GFA: 4,811
Vienna University of  No. of floors: 3
Technology Construction year: 2007
AUT-01 : .
Thomas Bednar Cooling source: mechanical
Azra Korjenic ventilation with a ground source heat

exchanger, decentralized AC for
server rooms

Heating source: district heating from
biomass, mechanical ventilation with

12



BEL-01

CHN-01

CHN-03

CHN-04

University of Lieége
Stephane Bertragnolio

a ground source heat exchanger
Category: 02

Data level: A

Location:

GFA: 18,700 m

No. of floors: 9

Construction year: 1970's

AC: AHU, CAV, VAV

Cooling source: water-cooled chiller
Heating source: natural gas boiler
Category: 02

Data level: C

Swire Properties, Hong Location: Hong Kong, P.R.China

Kong

Tsinghua University
Cary CHAN
Qingpeng WEI

GFA: 30,968 m

No. of floors: 23

Construction year: 1998

AC: AHU, CAV, VAV, FCU, PAU
Cooling source: water-cooled chiller
Heating source: no heating demand
Category: 02

Data level: C

Swire Properties, Hong Location: Hong Kong, P.R.China

Kong

Tsinghua University
Cary CHAN
Qingpeng WEI

Tsinghua University
Qingpeng WEI

Tsinghua University
Qingpeng WEI

13

GFA: 141,968 rh

No. of floors: 68

Construction year: 2008

AC: AHU, CAV, VAV, FCU, PAU
Cooling source: water-cooled chiller
Heating source: no heating demand
Category: 02

Data level: C

Location: Beijing, China

GFA: 111,984 rh

No. of floors: 26

Construction year: 2004

AC: FCU, PAU

Cooling source: water-cooled chiller
Heating source: district heating
Category: 02

Data level: C

Location: Beijing, China

GFA: 54,500 m

No. of floors: 21

Construction year: 1980's

AC: VAV, PAU

Cooling source: water-cooled chiller



Heating source: district heating

Category: O1
Data level: A
Location: Lyon, France
INSA de Lyon-CETHIL GFA: 1,290 rﬁ
FRA-01 Cécile ERMEL No. of floors: 2
Construction year: 1970
Renovation year: 1993
Cooling source: natural ventilation
Heating source: no heating demand
Category: O1
Data level: A
ITA-O1 Politecnico di Torino é?:cztlir:)'% M
Francesco Causone
No. of floors: 5
Cooling source: natural ventilation
Heating source: natural gas boiler
Category: O1
Chubu Electric Power Data level: B
JPN-01 Co., Inc. Location:
Shigehiro Ichinose GFA: 2,734
No. of floors: 4
Category: O1
Chubu Electric Power Data level: B
JPN-02 Co., Inc. Location:
Shigehiro Ichinose GFA: 3,695 M
No. of floors: 4
Building Research Category: O1
Center Data level: B
JPN-03 China Vanke Co., Ltd Location: Sendai, Japan
Ting SHI GFA: 4,090
No. of floors: 3
Category: 02
Data level: A
Norwegian University Location:
NOR-O1 of  Science  andGFA: 27,623
Technology Construction year: 2008
Natasa Djuric AC: AHU, VAV, FCU

Cooling source: water-cooled chiller
Heating source: district heating

14



Category: 02

Data level: C
Norwegian University Location:
of gScience an):i GFA: 16,200 rf
NOR-02 Technolo No. of floors: 6
Natasa D'guyric Construction year: 2009
) AC: AHU, VAV, FCU
Cooling source: heat pump
Heating source: district heating
3.2 International comparison of office building energyuse
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Figure 3-2: National average energy use of offiocédding in eight countries

Note: (1) Simulation result by TRANSYS, not the eyyeuse data in reality.
(2) “Low” refers to low thermal comfortasidard with PPD<15% and -0.7<PMV<0.7.
(3) “Medium” refer to median thermal camrtfstandard with PPD<10% and -0.5<PMV<0.5.
(4) “High” refer to high thermal comfastandard with PPD<6% and -0.2<PMV<0.2.
(5) Samples in Beijing by on-site or di@maire survey.
(6) “Others” refers to business officelthng, such as company headquarters, rentingeffic.
(7) Simulation result by TRANSYS, not tagergy use data in reality.
(8) “I" refers to naturally ventilatedldar office building.
(9) “lII” refers to naturally ventilatecpen-plan office building.
(20) “lI” refers to air-conditioned stdard office building.
(11) “Iv” refers to air-conditioned pras office building.
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National average total energy use of office buddin Austria, China, France, Italy, Japan, Norway,

UK and U.S is shown in Figure 3-2. What needs t@fphasized is that, the energy data of Austria
and ltaly is by simulation, and others are by medlarge range survey or monitoring. Simulation

results compared the electricity and heating comsiom under three thermal comfort standards of
office building in Austria and Italy (Santamour)09).

According to the results of a regional survey ings&ernment office buildings in Beijing China, the
annual electricity consumption averages 68 kWhinfor electrical end-user (He, 2011) and 65
kWh/(nt.a) for district heating. The results of 84 busineffice building in Beijing shows that, the

annual electricity consumption averages 107 kWh#)for electrical end-user (He, 2011) and 55
kWh/(nt.a) for district heating.

By crosscheck of two national energy survey (BENBQ7; DECC, 2010) of Japan office buildings,
the annual electricity use of government is 88 kinh&) and heating energy use is 145 kWHR/gn
Meanwhile, the annual electricity use of other kofdbffice building is 152 kWh/(fa) and heating
energy use is 145 kWh/(m).

The national average energy use of federal offigéling in U.S (IEA, 2010) is 181 kWh/(fa) by
electricity and 108 kWh/(fra) by heating. As a comparison, the electricity asother kind of office
building is 192 kWh/(rha), higher than federal offices.

BRE has announced investigation result of energyg@mption of office building in U.K (BRE, 2000).
The electricity consumption ranges 54~83 kWHiénfor small scaled office building, and 195~326
for medium or large-scaled office building. The tireg consumption is 151~201 kWh/Arm), similar
with the one of France and Japan.

Data collected in the framework of Norway statstiStatistics Norway, 2008) presents that the
electricity consumption average of government effiwilding in Norway is 138 kWh/(ha) and 206
kWh/(nt.a) of other office building. While, the heatingnsaimption of government office building is
70 kWh/(nf.a), higher than 42 kWh/(m) of others office types.

3.3 Weather condition of case buildings

Heating degree day (HDD) and cooling degree dayOCBre parameters designed to reflect the
demand for energy needed to heat and cool a bgiltHbD and CDD are defined relative to a base
temperature-the outside temperature above or belbieh a building needs no heating or cooling.
The base temperature of this research is 65 Défj7B Deg. C). The following table compares the
annual HDRse and CDRsk of case buildings. The outdoor temperature arativel humidity of eight
cities are shown in Figure 3-3. The weather cooditf Lyon (France), Melk (Austria), Trondheim
(Norway) and Liege (Belgium) is similar with highuinidity and moderate temperature. Weather in
Hong Kong is high humidity and hot year round. Bejjis dryer than other cities, and temperature
difference is more obvious than other cities duangear.

Table 3-2 HDRse and CDQyse of case buildings

Country Case building code HRE CDDgse

Hong Kong, China CHN-01, CHN-02 193 3734

16



Beijing, China CHN-03, CHN-04 5156 1421
Lyon, France FRA-01 4141 264
Melk, Austria AUS-01 6112 341
Brussel, Belgium BEL-01, BEL-02 11044 0
Shimada, Japan JP-01 2616 1548
Suzuka, Japan JP-02 3558 1307
=o—Hong Kong,China
< —a—Beijing, China
E =/—Lyon, France
:E —+=Trondheim, Norway
% —0O—Liége,Belgium
>
= —o—Melk, Austria
E —e—Shimada city, Japan
=»=Suzuka city, Japan
——Sendai,Japan
-10 0 10 20 30 40

Outdoor temperature (Deg.C)
Figure 3-3: Outdoor temperature (Deg.C) and relatumidity (%) of cases (Monthly average)

3.4 Energy use comparison of case buildings

A matrix of office building information defined b$ubtask-A is shown in Table 3-3. For clarifying a
same definition of energy data collected by différeountries, a unified energy flow chart tool has
been circulated to participants (Figure 3-4). Theeteicity and heating consumption per square meter
(here used as GFA) is compared in Table 3-3. Teetrgdity consumption by end-users is shown in
Figure 3-6. The “ventilation” illustrates the elecity consumption of equipment including fans
exhausting fans in garage, toilets, etc., but elolyair conditioning fans, primary air unit (ortdoor
fresh air unit) fans.
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Figure 3-4: Example of energy flow charts-unifieéeple
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Figure 3-5: More detailed energy flow chart deveddpby contributor (refering to Appendix E.1.1)

Table 3-3 Total energy use of eleven case stughedftildings

AUT-01

BEL-01

CHN-01

CHN-02

CHN-03

CHN-04

Typology

01

02

02

02

02

02
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Total site energy use (MWh.a) 411.Q 2171.15531.3 22520.0| 15171.7| 8872.6
Heating use (MWhh.a) 213.8 10749 O 0 6873.7 24525
Electricity use(MWhe.a) 197.2 1096.8 5531.3 22520.0 8298.0 6420.1
FRA-01 | JPN-01 | JPN-02 | JPN-03 | NOR-02
Typology o1 01 o1 o1 02
Total site energy use (MWh.a) 359.3 - - - 1353.5
Heating use indicator (MWhh.a) 220.7 N.A N.A N.A %0
Electricity use indicator (MWhe.a) 138.6 451.8 3925 366.9 743.8

The total electricity consumption is relative te thross floor area of buildings. Figure 3-6 compare
total electricity use of building less than 300@fuare meters and more than 30000 square meters
separately. The total electricity consumption dicef buildings less than 5000 square meters (AUT-01

FRA-01, JPN-01, JPN-02) is less than 500 M\ywér year; the total electricity consumption ofiadf
buildings around 17000 square meters (BEL-01, N@Ri6 700~1200 MWhper year; the total

electricity consumption of office buildings moreath30000 square meters is more than 5000 MWh
per year. It can be found that the electricity ofeentilation and cooling system of a large-scaled

office building is obviously larger than individuaffices, by comparing the electricity use per squa

meter.

. [

JPN-02

JPN-01

= Lighting
= Office appliances
=T room

= Ventilation

= Pumps

= Chiller or indoor unit

Cooling tower or outdoor unit

Catering

FRA-01 Miscellaneous
BN
AUT-01 MWhe.a

0 200 400 600 800 1000 1200

(a) Total electricity of case buildings (less thE200 MWAh per year)
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(b) Total electricity of case buildings (more thE200 MW per year)
Figure 3-6: Electricity consumption of case studfjce buildings (Unit: MWha).
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4, Lighting system

Artificial lighting contributes a large part to thimary energy use of an office building. The tota
consumption of artificial lighting worldwide is 133 TWh in 2006 (IEA, 2006), and approximately
19% is distributed in office buildings.

Comprehensive literature review:

“ANNEX 45- Guidebook on energy efficient electgbting for buildings identifies and accelerates

the widespread use of appropriate energy efficieigh-quality lighting technologies and their

integration with other building systems, making nthéhe preferred choice of lighting designers,
owners and users. The research has reviewed tharhperformance and productivity chain, which is
a significant fundamental of this Session. Lightaigpuld be designed to provide people with thetrigh
visual conditions that help them to perform vistadks efficiently, safely and comfortably. The
luminous environment acts through a chain of mesinag on human physiological and psychological
factors, which further influence human performaand productivity (Gligor, 2004).

LUNIMOUS ENVIRONMENT
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H N
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3 : §
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£ Flicker D'S?b' ity D|sc|om ort R \flle' M3 I | spectrum of Lighting || Lighting .=
$ Glare Glare eflections : light Control || Control g3
£ 3=
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S >
2
z
m
\ x
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Acceptability ) Visual Social Interaction |
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< ] [ : /| Group
: H /| Decision
§ - Visual & : _ /'
T Visibility Task : Eyestrain /I
Performance : !

HUMAN PERFORMANCE & PRODUCTIVITY

Figure 4-1: The relationship between ANNEX 45 dnsl $ession in ANNEX 53

There are massive researches focused on occufightiag control behavior, and tried to formulate
the user behavioral models. Field data further esgggthat individual control is partly governeday
number of basic behavioral switching patterns iguantitative correlations that relate user
manipulations to external stimuli, like temperatared illuminance levels or arrival/departure at the
work plane. The key findings from the previous eesh are summarized in Table 4-1.
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Table 4-1 Key findings of occupant behavior offiigép control in office building

Code Occupant behavior of artificial lighting Reface Type of office
People usually pertain to either of the followingot Open space
behavioral classes: office

L1 People who SYVItCh the I|.gh'Fs for the durat|or'1 c# thorking Love, 1998
day and keep it on even in times of temporarilyeabs;

People who use electric lighting only when indoor Private office
illuminance levels due to daylight are low.

L2 All lights in a room are switched on or off sirtarieously Hunt, 1979 Private office
Switching mainly takes place when entering or viagag Hunt, 1979 Private office

L3 o g mainy P g P81 Love, 1908

pace. Pigg, 1998
The switch-on probability on arrival for artificidlghting Hunt. 1979 Private office

L4 exhibits a strong correlation with minimum daylight =~
. . . . Love, 1998
illuminances in the working area.

The length of absence from an office strongly relavéh the| . Private office

L5 . . R Pigg, 1998
manual switch-off probability of the artificial liding system

Those existing researches can be summarized bkitwis of models: the static threshold model and
the dynamic and stochastic model. The former oned@n the formula between lighting environment
(i.e. illuminance level on the work plane or dupatiperiod) and switching-on probability, while the
latter one using the instantaneously occupancystas the model input instead. The relationship
between these two models is shown in the folloviiggre.

Researchers focus on building functions between Dynamic: 5 min time steps throughout the year
user manipulations and external stimuli Stochastic: stochastic process is initiated that
determines the outcome of on/off decision

Hunt, 1980 —> Newsham, 1994
Newsham, 1995 —> Reinhart, 2004

minimum daylight minimum illuminance
illuminances in the level on the work plane “Lightswitch”, “Lightswitch-2002",
working area user occupancy the intermediate
. profiles, predicts switch-on probability
Pigg, 1998 electric lighting use function that depends
the length of absence based on probabilistic  on the work plane
from an office behavioral patterns illuminance

Figure 4-2: Logistical schematic map of existingearches about occupants’ lighting behavior

The first study on manual switching patterns offiaral lighting system in offices is carried ouy b
Hunt in the late 1970s (Hunt, 1979, 1980). Theltesdicated that switching mainly takes place when
entering or vacating a space, and that the switchrobability on arrival for artificial lighting édbits

a strong correlation with minimum daylight illumimges in the working area. Based on a switch-on
probability function for electric lighting and arelufrequency distributions of indoor illuminances,
and an assumption that lighting is switched orhatstart of a period of occupation, left on thromgth
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the day and switched off at the end, Hunt usededigtion method and deduced mean hours of daily
usage for the electric lighting at a given workglac

Newsham (1994) revised Hunt’'s model to simulate umalighting control. He considers the switch-
on probability on arrival to be a function of miram illuminance level on the work plane instead of
minimum daylight illuminances in the working ares ia Hunt's model. According to Newsham'’s
model, the electric lighting is switched on in therning and after lunch if the minimum illuminance
level on the work plane lay below 150 lux. As theswumption in Hunt's model, the lighting was
switched off at the end of the working day and slbn events during a period of occupation were
not taken into account.

Following Hunt and Newsham, there are numerousarebers bending themselves to occupant
behavior of artificial lighting system in officeamong them are Love and Pigg who pay attention on
occupants’ temporarily departure. Love (1998) dfeess manual switching patterns into two main
behavioral classes: one is switching the lightsthfer duration of the working day and keeping it on
even in times of temporarily absence; while theeptis using electric lighting only when indoor
illuminance levels due to daylight are low. Pig®48) studies the occupant behavior during their
temporarily departure, finding that the length @s@nce from an office strongly relates with the
manual switch-off probability of the artificial liging system.

Throughout these studies, the type of office isnfbto be a notable point which may influence our
perception. Most of the research is carried oyprimate offices, which means that the patterns and
conclusions reached might be only suitable for thésticular type of office. In private offices,
occupants are more likely to be close to externaldaws, resulting in daylight playing a more
influential role on occupant behavior. In open ptdfices, the situation becomes quite differentsin
most occupants have slight exposure to daylighs,th might no longer be a decisive factor.

The above-mentioned manual switching pattern modelartificial lighting systems all use static
thresholds. However, when the “use of controldaarty influenced by physical conditions, it terds

be governed by a stochastic rather than a pregigganship” (Nicol, 2001).

Newsham, Mahdavi and Beausoleil-Morrison (1995)edigys a model called Lightswitch which
adopted a stochastic approach to simulate marglaing control based on measured field data in an
office building in Ottawa, Canada. The model preglielectric lighting use based on probabilistic
behavioral patterns which have all been observeddiual office buildings. The resulting user
occupancy profiles are then used to estimate tBeggrbenefit of occupancy sensor controlled system,
in which the lighting is switched on upon occuparrtval and switched off whenever the user left the
workplace for a time longer than the delay timéhaf occupancy sensor.

Based on Newsham’s original model, Christoph F.nRa&it proposes a dynamic and stochastic
algorithm named Lightswitch-2002. Dynamic indicatieat instead of looking at an average day in a
year or month, user occupancy, indoor illuminaranas the resulting status of the electric lighting a
blinds are considered in 5 min time steps througtivel year. Stochastic means that whenever a user
is confronted with a control decision, i.e. to shiton the lighting or not, a stochastic process is
initiated that determines the outcome of the denig¢Reinhart, 2004).
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The algorithm modeled the intermediate light switchprobability, i.e. the probability that a user
switches on the artificial lighting without leavingr arriving in the office. It uses a probability

function that depends on the work plane illuminamt=ived from previous work by the author of the
algorithm (Reinhart, 2003). For 5-minute time stefisfinds that the intermediate switch-on

probability is about 2% between 0 and 200 lux wpl&ne illuminance, and sharply drops to about
0.002 for higher illuminances.

The algorithm cannot be readily transferred to gplan office concepts in which individuals have on
perception of personal control over their immed&tgironment.

As Figure 4-1 shows, the study about occupantktilig behavior of ANNEX-53 Subtask-B is only
focus on the right part of the boundary and exclgdhe ‘Human Factot as the driven force. Owing
to the energy consumption is only happened wherattigcial lighting switched on, theday-light’
and ‘ighting control' studied in the ANNEX-45 can be concluded as omeameter “Artificial
lighting use pattern” as the key research targghefANNEX-53. Meanwhile, occupant behavior of
two parameters studied in ANNEX-45: “Day-light wihg” and “Lighting control” have their impact
on lighting energy consumption through “Individ@add group decision”, which is also studied in this
ANNEX.

4.1 Occupancy/Lighting use patterns
4.1.1 Literature review

Geun Young Yun, et al. (2011, 2012) investigateslighting use pattern of the open plan offices, as
shown in Figure 4-3. Two investigations both shdwattthe artificial lighting is first on since the
occupant’s first arrival in the morninghere is a close link between the start of daily @tipancy
and switching-on lighting. First light switch-on events in the investigatefices occurs within 11
minutes after the start of daily occupancy, andupaats will partially turn off lights during lunch
time. There is no relationship between external illuminane and the use of artificial lighting.The
research also implies that automatic lighting aalstto turn off the artificial lighting when theis
sufficient daylight indoors would have significaertergy saving potentials. These results in opem pla
offices are very different from the results summedi in the private or 2-person offices studied by
Reinhart (Reinhart, 2004).
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Figure 4-3: The proportion of frequency that thghliing was on for each hour of typical working day:
(a) east-facing zone of the second floor (b) wasiinfy zone of the second floor (c) east-facing zine
the sixth floor (d) west-facing zone of the sikbloif

A.M. Egan (2009) simulates the typical daily paigeof lighting and small power electricity of offic
buildings, based on the field survey informatior a#eal energy use data. The measured data shows
that the electricity of lighting and small powernoes to the peak from 9:00 A.M to 16:00 P.M.
Meanwhile, between 8:00 P.M to 6:00 A.M when théldig is unoccupied, the average load is
approximately 30% of the measured average. It atd&that there is lighting or office equipmerit sti

be used during the night (Figure 4-4).
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Figure 4-4: Daily pattern of tenant light and powgsage

A case study of the Phillip Burton Federal BuildifQOE, 2000) compares the lighting energy

consumption under three automatically controllingtimod, as shown in Figure 4-5. In private offices,
the use of occupancy sensors alone reduced ligatieggy by 25% on weekdays. Automatic daylight
dimming saved an average of 27% of lighting eneemd the combination of both the sensors and
dimming saved approximately 45%. In open daylitoaf$, savings from daylighting alone were also
substantial, particularly in the first and secondbicle rows from windows (especially south-facing

ones). In open areas close to windows, automatidiglat saved about 10% over wall switched alone.
In open areas close to windows, automatic day lggived more than a quarter of previous lighting
energy, and more than a third when combined witieeioccupancy sensing or time scheduling.

Occupancy Sensing Daylight Dimming Both

—

% Full Power

] 9 18 21 ] 9 18 21 4] g 18 21

12 15
Time of Day (hr)
Figure 4-5: Comparison of lighting use pattern ifiegeral office building in U.S, under different

automatically control method

12 15
Time of Day (hr)

12 15
Time of Day (hr)

The Lawrence Berkeley National Laboratory has alsmlied the occupancy and lighting profiles of
the office building whose lighting system is cofigd by occupancy sensor. In terms of average
occupancy behavior across all rooms, Figure 4-@ dgine average probability of occupancy for all
private offices on the™and %' floors at hourly intervals during the day. The s show similar
results, with peak occupancy periods between theshof 8am and 5pm, and a reduced occupancy
during the lunch hour (12-1pm). Because this officéding is controlled by occupancy sensor based
on the occupancy pattern, the trend for artifitgtiting is similar as the Figure 4-5. The conatumsis
that, the prime opportunity of save lighting eneigthe middle of the day and during off-peak sour
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Figure 4-6: Probability of occupancy by hour fot eégular weekdays averaged across all 21 offices

4.1.2  Field survey by contributors

Norway, China and Belgium have done the measurememvestigation of the occupancy/lighting
curve of office buildings. The following sectionkustrates typical cases in Norway and China.

(1) Norway

Basic I nformation

The case building of Norway is located in Trondheitnthe address Professor Brochs gate 2. The
gross floor area is 16,200°nwith 6 floors. The GFA of typical floor is 1500 2500 .

Occupancy Curve

The occupancy curve of Norway’s case building isvahin Figure 4-7. The office building is rented
to different companies, usually companies have mgrkime between 8 a.m. until 4 p.m. But some
companies could extend working time until 5 or B pFigure 4-7 is established based on the presence
sensor for ventilation. This presence sensor igtégtin the part of the building that was all tineetin

use.
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Figure 4-7: Presence schedule during working days

Lighting Use Pattern
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Figure 4-8: Hourly lighting profile of lighting dimg typical weekday and weekend (Unit: \if/m

There are two control strategies for the lightiggtem of the case building. The one is using p@sen

sensors to control artificial lighting during wonk time. The other is turn off lights during non-

working time. The total electricity use profile thfe building is presented in Figure 4-8. Meanwhile,
by calculating the average and standard deviatibnweekday and weekend separately, the
representative profile of weekday and weekend @svshas following charts. Two features are shown
of the case building in Norway:

1) The peak lighting hours is between 9am and 16preréme lighting use percenta@®%)
during the weekday. The lights were not turneddoffing the lunch break.

2) There is a constant lighting load during off ho@épm to 6am), based on the presence
schedule shown in Figure 4-9. 20% of the lightd stdy switched on during the off hours.
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Figure 4-9: Average lighting profile of weekday amdekend of case building in Norway
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(2) China

Basic Information

Three typical large-scaled office buildings are s#min China. The basic information illustrated as

follows:

(1) Case Building 1 (CB-2). CHN-02 (CB-1) is locatedTiniKoo Place in Hong Kong, China. The
gross floor area is 141,000 m2, with 68 floors. Tisable floor area of typical floor is 1950 m2
approximately.

(2) Case Building 2 (CB-2). CHN-03 (CB-2) is located Beijing, China. The gross floor area is
54,500 m2, with 21 floors.

(3) Case Building 3 (CB-3). CHN-04 (CB-3) is located Beijing, China. The gross floor area is
111,984 m2, with 26 floors. The usable floor arétypical floor is 1781 m2

Occupancy Curve

Owing to the investigation limitation, typical aoffs are chosen to do the questionnaire survey, in
order to find the representative feature of the lehmuilding. CB-1 and CB-3 are large open space,
with central service area and office area aroun@B-2A and CB-2B are small open space offices,
located in the north and west of the building. Dlasic information of surveyed offices is shownha t
following figure and table.

T L ! i
'I"—‘I—‘I—"—Hiiu—1; | |

L]
BJ-2A

(a) CB-1A/CB-1B

(b) CB-2A/CB-2B
Figure 4-10: Sketch map of offices chosen in ttse dauilding

(c) CB-3A/CB-3B

Table 4-2 Summary of key data information of ingastd offices

CB-1*
CB-2A | CB-2B CB-3A | CB-3B

CB-1A CB-1B
City located Hong Kong | Hong Kongl Peking Peking Rgki | Peking
Net floor area (sq.m.) 1915 1915 243 950 950 250
Number of workers 120 90 36 158 194 27
Work description Management Market R&D Mgmt. R&D
Type 5 S S L L
Percentage ofvalid | /¢, 75% 85% 60% 68%
guestionnaire
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*Note: (1) Because CB-1A and 1B belongs to the saompany and questionnaires reclaimed anonymous, CB
1A and 1B are combined together as a whole officiné following analysis. (2)L, Large open spaceS®all
open space.

The schedule of five offices appears “double-squaaee” characteristic, which is a typical schedule
of office building. The official working time of ¥ie offices is 9:00 A.M. to 18:00 P.M. While the
average working time of two management offices, LBnrd CB-3, is 8.6 hours/weekday and 6.8
hours/weekend. While the other three Research &eDewment (R&D) offices, works 9~10
hours/weekday.

— CB-1 - CB-3A -- CB-3B — CB-2A --- CB-2B

120%

100% -

80%

60% -

Occupancy

40%

20% -

0%
0:00 6:00 12:00 18:00 0:00

Figure 4-11: Presence schedule during working days

Lighting Use Pattern

Lighting use pattern is investigated by both questaire survey and on-site measurement.

The questionnaire asks when occupants usually IswitZoff the lighting on the top of their work
plane. Three basic modes of lighting schedule avealed based on the results. The first mode is
named “ordinary mode”, represented by CB-2B, CB&#f CB-3B, which the lighting switch on
when occupants arrival and off at night. The sdomode is “energy-saving mode”, office CB-1, the
lighting switch off during lunch break. The third@is “preferred natural lighting mode”, like offic
CB-3A, which the lighting only switched on wheruithinance of workplace cannot be satisfied by

natural lighting.
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— CB-1 CB-3A -- CB-3B -- CB-2A --- CB-2B
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Figure 4-12: Lighting schedule based on questioresiatistical data

Based on the on-line benchmarking system of CBeR@B-3. The lighting use profile is analysed and
presented in the following chart.

14 14
1 12
10 10
25 256
4 4
2 J 2 -
0 0
3-90:00 3-110:00  3-130:00  3-150:00 3-20:00 3-40:00 3-60:00 3-80:00
(a) CB-1 (b) CB-2

Figure 4-13: Hourly lighting profile of lighting ding typical weekday and weekend (Unit: \R/m

The lighting in CB-2 and CB-3 are controlled mamualhe lighting profile of CB-2 and CB-3 are
similar to Norway’s case building, but there are tdifferences. The one is lighting electricity use
intensity is obvious larger than Norway’s case dingj. The other is part of lighting of CB-2 willru
off during lunch break, compared to case buildmflorway.
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Figure 4-14: Average lighting profile of weekdaydameekend of case building-1 in China

By calculating the average and standard deviatibnweekday and weekend separately, the
representative profile of weekday and weekend @avehas previous charts. Two features are shown
of the case building in CB-2 in China:
1) The peak lighting hours is between 10am and 18praréage lighting use percenta@®%)
during the weekday. The lights turn off during lartreak.
2) There is a constant lighting load during off ho@rpm to 7am), based on the presence
schedule shown in Figure-16(a). There is 20% lighlisstay switching on during the night.
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(a) Weekday profile
Figure 4-15: Average lighting profile of weekday émd weekend (b) of case building-2 in China
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(b)Weekend profile

The representative profile of weekday and weekdrmhge building-2 in China is shown in Figure-17.
Certain features can be compared with other caisdirms:
1) The peak lighting hours is between 10am and 18prarége lighting use percenta§@®%)
during weekdays. The lights are turned off duringch breaks and turn on gradually in the
afternoon.

2)

on during the night.

3)
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There is a constant lighting load during off ho{itsm to 7pm). 20% lights will stay switching

40% of the lights will switch on from 10am to 21mharing weekends, and 20% of the lights
will stay switching on during the night.



4.2 Occupant behavior impact factor
4.2.1  Daylight utilization and automatically control lighting

Literature review:

Daylight utilization in office building is widelyectognized as an important energy-conservation desig
strategy. The amount of daylight entering a bugdis mainly determined by the window openings
that provide the dual function of admitting liglat the indoor environment for a more attractive and
pleasing atmosphere, and allowing people to mainteual contact with the outside world (Li and
Tsang, 2008). The level of day light highly depewdscomprehensive building design and glazing
facade (Wilson et al., 2002). The daylight perfongeof a building is always assessed in termsef th
Daylight Factor (DF) (Hopkinson et al., 1966). lelation to DF, the decision criteria are often
expressed in terms of DFave as a way to judge bBgtidgpace. According to the British Council for
Offices (BCO, 2005) guide, a DFave from 2 to 5%eisommended for an office workplace. A recent
survey is conducted within 270 occupants in 16ceffbuildings in UK. The result shows that the
proper range of DFave is 2 to 5%. People are niketyIto be dissatisfied with the daylight when the
design DFave is over 5%. At these high daylighelgyvthe complaints of sun and sky glare increased
(Roche et al., 2000).

Lighting controls in connection to day lighting caave lighting energy demands by 20-40%
(G.Y.Yun et al., 2011).

Automatic controls switch or dim lighting based time, occupancy, lighting-level strategies, or a

combination of all threes. In situation where liggt may be on longer than needed, left on in

unoccupied areas, or used when sufficient daykgigts, the installation of automatic controls as a
supplement or replacement for manual controls shbal considered. The general control strategies
used by lighting designers include:

1) Occupancy sensing, in which lights are turned ahafhor dimmed according to occupancy;

2) Scheduling, in which lights are turned on and effading to a schedule;

3) Tuning, in which light output is reduced to meetreat user needs;

4) Daylight harvesting, in which electric lights arendhed or turned off in response to the
presence of daylight;

5) Demand response, in which power to electric ligl#sreduced in response to utility
curtailment signals or to reduce peak power chaatjesfacility; and

6) Adaptive compensation, in which light levels aradoed at night to take advantage of the fact
that people need and prefer less light at night thay do during the day.

4.2.2  Mechanism of occupant behavior and its impact on ergy

Based on the investigated artificial lighting sahled(as shown in Figure 4-16(a) and (b)), more than
60% lighting has been turned on during working Bodr questionnaire survey about lighting control
behavior has been conducted in CHN-01, CHN-02, GI3Nand CHN-04. The result shows that
occupants turn on their overhead lights frequeltityseldom close them by themselves (Figure 4-16)
in large open space offices.
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Figure 4-16: Control frequency of roof lighting questionnaire survey

5-Freauentlv

The following figure explains the mechanism of hoacupant behavior impacting the final energy
consumption of electrical lighting. Due to the ¢ixig building design, natural lighting usage of leac
workplace is fixed, combining an occupancy schedilleexits a physical demand of a certain
workplace. Thus, stage-l depends on building degitjape, color of external windows, direction,
occupancy, etc.). While, someone will still turn laghts based on their psycho demand even if the
illuminance on their workplace is enough, this &ied as the second stage. Then, lighting system i
usually controlled by zones, so the psychologiemhdnd has been blurred as stage lll. Finally,&f th
control logic or manager has controlled extensiyielis the stage IV-actual supply and finally dags

the electricity consumption. Hence, the differebedween the stage | and stage IV is the impact of
occupants’ behavior, which will be discussed quatitiely by simulation.
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Figure 4-17: Sketch map on occupant behavior impadighting energy
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For understanding the impact of occupant behanaaich stage, CHN-02, CHN-03 and CHN-04 are
chosen as the simulation target. Considering thidibg structure, CHN-02 is modeled as a cylinder,
CHN-03 and CHN-04 are modeled as a cuboid as theniog figure. The natural lighting of CHN-
02 is homogeneous in each direction. The natugatiig of CHN-03 and CHN-04 only illuminates
from the external window of one direction.

(a) Model of CHN-02 (b) Model of CHN-03 and CHN-04
Figure 4-18: Model of three case buildings

(4) Schedule and sitting position
A. Occupant Schedule

/ AN

8:00 9:00 11:30 12:30 !17:00 20:00

B. Lighting schedule based!on dayighting

6:00 16:00

C. Physical-demand of lighting
N

Atatt ,B’\Aﬂ

Figure 4-19: Schedule of occupants and artificighting

Occupant and artificial lighting schedule are deedjas Figure 4-19. Figure A illustrates occupant
arrives at office from 8:00 to 11:30 and go outlterch, then comes back to work from 12:30 to 20:00
Figure B means the natural lighting cannot be whkethg 16:00 to 6:00 next day. Thus, setting on the
two schedules, the artificial lighting should beedifrom 16:00 to 20:00. Considering the control
pattern of occupants, the physical-demand of eacligant is obtained, as shown in Figurgave

fits for Poisson distribution andt,eae fits for Continuous Uniform distribution. In profdity theory

and statistics, the Poisson distribution is a eigcrprobability distribution that expresses the
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probability of a given number of events occurrimgai fixed interval of time and/or space if these
events occur with a known average rate and indepelydof the time since the last event. The
Poisson distribution can also be used for the nurobeevents in other specified intervals such as
distance, area or volume. Meanwhile, the continumifrm distribution or rectangular distributios i

a family of probability distributions such that feach member of the family, all intervals of thensa
length on the distribution's support are equallybable.

The floor plan of three office building is shown the following figure. Office occupants are
distributed based on the distance from the exteviralow.

=

CHN-04

Occupant number
Occupant number
Occupant number

0 0
0 10 20 1234567891012 0 12345
Distance from external Distance from external Distance from external
window, meter window, meter window, meter

Figure 4-20: Plan of typical floor and occupant isution of simulation input

(5) Physical-demand

T T T T \
CHN-02

| | | | | | | | | Lo Lo

| b, | | |
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Figure 4-21: Time duration of artificial lightinguidifferent deeper of occupants
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Figure 4-22: Physi-demand comparison if changedtteer buildings’ scenarios

Figure 4-21 simulates the artificial lighting petiof different occupants distributed. It shows thia¢
closer to the external window, the shorter perib@tficial lighting. If only changing the buildgn
model (Figure 4-19 and Figure 4-20) to other buaidi, the comparison of physic-demand of each
office building is compared as Figure 4-22. It denconcluded that, CHN-04 is the most effective of
natural lighting utilization because of the lespttie Although both of CHN-02 and CHN-03 are
designed with longer depth, the larger externaldaym area making the CHN-02 is more effective
than CHN-03 in natural lighting utilization.

(6) Phycho-demand

Table 4-3 Three types of occupant behavior onieidgiflighting usage and the percentage of each
office building by survey

Definition CHN-02 | CHN-03 | CHN-04
Type O-A| Switch on lights only when natural lighting is restough.| 0.15 0.4 0.9
Type O-B| Switch on during working time. 0.8 0.6 0.1
Type O-C| Always switch on. 0.05 0 0

Three types of occupant behavior on artificial tigh usage are defined as Table 4-3. The percentage
of each type in three office buildings is surveygdquestionnaire survey. 80% of occupants in CHN-
02 and 60% of CHN-03 switch on during working tir8@% of occupants in CHN-04 switch on lights
only when natural lighting is not enough. It meagsupants in CHN-04 are more energy conservative
than other two office buildings. If changing to ettbuildings’ switching on behavior, the simulation
result is shown in Figure 4-23. Thus, the energyrgaconsciousness has obvious effect on using
times of artificial lighting.
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Figure 4-23: Phycho-demand comparison if changectier buildings’ scenarios

(7) Space demand

According to Figure 4-24, building structure desitighting zoning design and control zoning design
are crucial factors impacting space demand. Thelalion defines lighting zones as &nd control
zones as JC>Z,), as shown in Figure 4-25. It can be concludet] tha more of Zand G, the better

of the energy conservation of lighting system. @ifeerences of parallel and vertical design methods
are also compared. The correct division-verticahwiatural light direction, is effective to reduce
artificial lighting hours (Fig. 4-25).

CHN-02 CHN-04

THTETT
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Figure 4-24: Space demand comparison if changeahd G
(Note: [] is the present condition by survey.)
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Figure 4-25: Space demand comparison if changeidivdesign
(Note: [] is the present condition by survey.)
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(8) Supply

Table 4-4 Four types of manager behavior on aigfitighting control
Definition

Type M-A | Neglecting space demand, switch on lights only wineiral lighting is not enough.
Type M-B | Satisfying space demand only.

Type M-C | Satisfying occupant pycho-demand and space deniiaudtaneously.
Type M-D | Always switch on, don't control.

Table 4-5 Three modes of manager behavior on ailflighting control

Space demandManager control behavid
Module 1- Energy saving Z,=8, G=8 M-B

Module 2- Regular Z8, G=3 M-C

Module 3- Extensive Z8, G=3 M-D

=

CHN-02 CHN-03

14 16

12 A 14 7
< 10 | 127
g 10 B Supply
e 8 1 g - O Space demand
2 6 6 | @ Psycho-demand
E’ 4 4 B Physi-demand
-

2 7 2 4

0 - T : 0

Energy-saving  [Regular] Extensive [Extensive] Regular Energy saving*

Figure 4-26: Supply comparison if changed managdravior mode
(Note: @[ ]-present condition by survey2 * After increasing the physical division at thersatime.)

Four types of manager behavior modes are defireedhawn in Table 4-4. Further considering space
demand (Zand G), three modules are defined as Module 1-energingamodule 2-regular and
Module 3-extensive. If changed modules of eaclceffiuilding, the lighting hours are simulated and
compared as Figure 4-26. Hence, the lighting energery sensitive to manager control behavior and
supply mode.

(9) Summary
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Figure 4-27. Quantitative decompaosition of fourgda of occupant behavior impact on artificial
lighting utilization

Based on on-site survey and simulation, the lightmergy use of three office case buildings are
compared as Figure 4-27. The lighting energy udeator on a typical working day of CHN-02 is
240 Wh/(ni.day), larger than 180 Wh/fday) of CHN-03 and 50 Wh/(mlay) of CHN-04. However,
the reason of high energy consumption of CHN-02 @HdN-03 is different. The reason of the former
one is the high design capacity of lighting syst@Wi/nf lighting capacity), while the reason of the
latter one is the high physical-demand and enexggnsive manager behavior causing the longer
lighting hours. The lighting system design capaoftHN-04 is 10 W/(if), not obvious smaller than
CHN-03, but the smaller depth of building desigrcrdasing lighting hours of artificial lighting
effectively.
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5. Office appliances

5.1

Literature review

Office appliances include PCs, desktop computers] Gisplays, LCD displays, copiers, laser printers,
and so on. To meet the requirement of working #&gtivoffice appliances usually have to keep
switching on during working hours. However, somalss illustrate the importance of night status for
energy conservation. Figure 5-1 shows several sicsnahighlighting the dramatic effect of night
status. “Disabled/Enabled” refers to power managgnhenctioning on both the PC and monitor.
“On”, “Low” and “Off” refer to the night status ofhe PC and monitor. The result illustrates that,
unreasonable usage of computer and monitor dufirfgpars may cause huge energy waste.

Disabled-On-On

Disabled-On-Off

Disabled-Off-Off

Enabled-Low-Low

Enabled-Off-Off

1

Typical

0 200

400

600 800

1000 1200 1400

Annual Energy Use (kWh/year)

@ Daytime m Nighttime |

Figure 5-1: Effect of night status on annual eneugg of a PC/Monitor (Bruce, 2005)

In this study, the author also reviews four methaded in night status research, including on-site
survey, daytime audits, night audits and time-sedigta analysis. Several related studies are sirown

Table 5-1.

Table 5-1 Studies on night status of office apgken(Bruce, 2005)

Study Reference Data Method

PNNL Syzdlowski & Chvala 1994 1990-92 Time-seriasad

NRC Tiller & Newsham 1993 1992 Time-series datdiyig)
LBNL1 LBNL 1994 Daytime audit

LBNL2 IHEM, 1994 1994 Survey; Daytime audit
LBNL3 LBNL 1994 Daytime audit

MIT Norford & Bosko 1995 1995 Daytime audit

LBNL4 Nordman, Piette & Kinney 1996 1995 DaytimadauNight audit
LBNL5 LBNL 1996 Night audit

Defender JJulinot, Fogg & Julinot 2000 1996 Daytameit; Night audit
AEC Arney & Frey 1996 1996 Time-series data

Thai Mungwititkul & Mohanty 1997 Prob. 1996 Not sifeed
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Bayview Schanin 1997 1997 Night audit

EIM Becht, Pleijster & de Vree, 1998 1997 Surveys

Dalarna Bryntse & Enoksson, 1998 1997 Surveys

DEFU Nielsen 1998 1997-98 Surveys

LBNL6 Nordman, Picklum & Kresch 1999 1997-98 Dayimudit; Night audit
LBNL7 Nordman 2000 1999 Daytime audit; Night audit

About the impact of occupant behavior on office legges’ energy consumption, some existing
researches study the Power Management (PM), whkiehhQuilt-in function that reducing the power
use of office equipment when it is idling. Aftersat time of not being used (the “delay time”), the
device enters a low-power “sleep” mode. The ena@pings of PM hinges on the delay time set by
each user as well as the saturation level of PMim#ity. The following figure shows the result that

the shorter “delay time”, the larger energy savirfigpffice appliances (K. Kawamoto, et al., 2004).
Some research even shows that, in the U.S, thgesaring potential of the complete saturation of
PM is estimated as 37 TWh per year for 2000 (LBRRO1).
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PM Delay 15 min Z Business Hours
I Portable PC Rldling during
PM Delay 30 min E Business Hours
MNo-busi Hours
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PM Delay smin | 772888
PM Delay 15 min | 7Z2888 Desktop PC
= +
LCD Display
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Figure 5-2: Energy use of PCs and displays by ¢vellof power management
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5.2 Night status survey of case buildings

In order to investigate the power states of compated monitors at night, the office equipment
enabling was checked in after hours. The poweestat office equipment are characterized as “on”,
and “off” in this study. The total number of computand monitors in each office was recorded by
night audit, as well as the exact number of equigne each status is counted. The turn off rates of
computer and monitors is calculated based on thoseey results. According to similar investigation
done by LBNL in several office buildings in U.Shetoriginal data was used to calculate the sarmge rat
in U.S. office buildings as a comparison.

Table 5-2 Turn-off rates of computer and screeptpgite survey

h\ﬂe\ Computer Screen
Office Total Oon Off Total Oon Off

CHN-02-A 93 86 7 93 68 25
CHN-02-B 120 116 4 120 88 32
CHN-03-A 62 54 8 80 52 28
CHN-03-B 93 72 21 92 61 31
CHN-04-B 28 12 16 32 10 22
u.g 1464 524 940 1600 471 1129
B Computer 'OFF' O Computer 'ON' B Screen 'OFF' O Screen 'ON'

CHN-04-B CHN-04-B \

CHN-04-A CHN-04-A

CHN-03-B CHN-03-B

CHN-03-A CHN-03-A

CHN-02-B CHN-02-B

CHN-02-A CHN-02-A

u.S u.s \
0% 50% 100% 0% 50% 100%
(a) computer screen

Figure 5-3: Turn-off rate of computers and screefsase building during off-hour

Table 5-2 and Figure 5-3 shows that the turn-o & computers in CHN-02 is higher than other
offices. More than 77% computers are shut off ghthiHowever, the turn off rate of CHN-04-B is
close to offices in U.S., less than 36% computezganed off at night. The turn off rates of monst

is lower than computers’, only 30% monitors arenéat off during night in U.S. and CHN-04-B, and
65% to 75% monitors are turned off in CHN-03 andNG6R. Due to all of occupants use lap top in
CHN-02-A, almost 100% computers are shut off ahni§.G. Han once investigated and concludes
that turn off rates of computers in campus buildm@hina is usually higher than in U.S.
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Figure 5-4: The reason of why occupants don’t siflicomputers

Figure 5-4 shows the reason why occupants leawedbmputers stand-by during afterhours based on
questionnaire survey. More than 43% occupants iIlN©OHA-B, CHN-03 and CHN-02 keep their
computers on owing to energy saving unconsciousoesareless. The rest of occupants answer that
the job responsibilities requires computers to laggs on. It reminds us that energy consumption is
not the only discriminating principle, the essdntiequirement of service quality should also be
equally considered.

If we use the office equipment power capacity perker to represent the fundamental service
provided to each occupant, total number of eack tfppersonal office equipment is investigated, as
shown in Table 5-3.

Table 5-3 Power capacity of personal office equiphire surveyed offices

CHN-02 CHN-03-A  CHN-03-B  CHN-04-A CHN-04-B

Occupant number 99 37 41 18 17
Computer 114 20 18 2 2
Lap top 10 19 24 16 24
20’ Monitor 9 4 5 0 4
14’ Monitor 89 17 14 2 24
CRT 0 1 0 0 0
Copier 10 1 2 0 0
Fax machine 1 1 0 0 0
Power capacity (W per 127 84 74 46 137
worker)

There is obvious difference of office equipment powapacity in those five offices. Because most of
occupants use lap top rather than computer, thepoapacity of CHN-04-A is 46 W per worker, less

than other offices. As a contrary, the computerlanger monitor percentage of CHN-02 is larger than
others, which the power capacity of is 127 W perk&o
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Figure 5-5: The relationship between  Figure 5-6: The relationship between energy
energy consumption and occupant demand consumption and occupant demand of
of office equipment (Alan, 1996) computer in surveyed offices

The relationship between energy consumption andpmstt demand of office equipment is shown in
Figure 5-4. The vertical axis refers to energy comgtion and the horizontal axis represents demand.
The intercept of each line means inherent energnyctwappears three forms: 1) energy waste caused
by equipment inefficiency, 2) energy lose causedtegm or heat leaking, 3) electricity waste caused
by power stand-by during off hours. Meanwhile, #hape of each line refers to reciprocal of energy
efficiency. Hence, if considering computer standkgtus as intercept and power capacity per worker
as slope, the relationship of computer in thosestigated offices is shown in Figure 5-5.
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6. Ventilation and window operation

6.1 Literature review

Pioneering researches about occupant behavior tandriving force are conducted in residential

building from early 1970s. While, the first attemiat study the occupant behavior of window

operation is started from early 1990s. The disetiate Markov process and logistic function are used
in the prediction of window opening. It is foundattboth the indoor and outdoor temperature having
strongly relationship with window opening proportid’he milestone map of the initial stage is shown
as follows.

Raja et al. (Raja, 1998, 2001) Nicol et al. (Nicol, 2004)
Field survey of the thermal Logistic functions
comfort of workers in natural Indoor temperature is a more
ventilated building in UK. coherent predictor
L 1
1991 1998 2001 2004 2007
Fritsch et al. (Fritsch, 1990; Nicol et al. (Nicol, 2001) Rijal et al. (Rijal, 2007, 2008)
Roulet, 1991) Logistic functions Logistic regression analysis
Markov process model Recommended the The proportion of windows
Prediction of opening angle outdoor temperature as an open depends on indoor and
input parameter outdoor temperature.

Figure 6-1: Development of interactions with windopenings in office building

Besides, Nicol and Humphreys (Nicol, 2002) indictitat people with more opportunities to adapt
themselves to the environment or the environmerthéxr own requirements will be less likely to
suffer discomfort. Among all studies concern ablwaw people adopt environmental control strategies
and identifies the influential variables, windoweojing behavior has become of a specific concern of
indoor environment analysis and energy evaluation.

Yun and Steemers (Yun, 2008) conduct a field suorewindow opening control by occupants in six
offices at two buildings during the summer. A réssifound that window opening behavior patterns
has a strong relationship with indoor air tempagth time-dependent window opening behavior
model has been developed for building simulatimmsédering indoor temperature, time of day and
the previous window status.
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Figure 6-2: Observed proportion of windows opendpecified bandwidths as a function of different
measured physical parameters
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Haldi and Robinson (Haldi, 2009) investigate thituience of occupancy patterns, indoor temperature
and outdoor climate parameters on window openind) @dosing behavior. 14 south-facing cellular
offices of an office building have been equippethveensors. Local indoor temperature, occupancy,
window openings and closings have been measuredeThfferent modeling methods are developed
and compared for the prediction of actions on wwmsloThe major findings of window opening
proportion functions shows in Figure 6-2.

6.2 Field survey of case building

Among case buildings in China, only CHN-03 has 25%ernal windows can be opened manually, as
shown in Figure 6-3. External windows of CHN-01, I&#2 and CHN-04 cannot be opened and fully
controlled by mechanical ventilation system. Theqgfrency of window opening is investigated by

questionnaire survey. Figure 6-4 illustrates thatccupants in office CHN-03-B open window more

frequent than office-A; 2) occupants open windowrenfsequently during transitional seasons than
summer or winter.

Winter (Nov.~Feb.)
| 4 | 4.5 \ Transitional (Mar.Apr.Sep.Oct.)
| 25 | 3 | Summer (Jun.~Aug.)

0 C-03-A O C03-B

Figure 6-3: Several external
windows can be opened
manually of CHN-03

Figure 6-4: Survey result of window opening freque(l=Always
close, 3=often open, 5=open frequently)

= Cannot open ® Far from window

® Overheat ®Unfresh air = Needs air moving = Discomfortable air moving = Dirty air
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(a) Open window

cosn IR

0% 50% 100%
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Figure 6-5: Survey result of reason why occupamioses to open or close external windows

Detailed reason why occupants choose to open @ectbe closed external windows is also
investigated by questionnaire. 40%-50% occupan&hapindow because the uncomfortable indoor
air quality or temperature. While others think threguiring air movement in the office. Meanwhile,
50%-80% occupants close window because the disebmifomoving or terrible air quality outside.
What needs to be emphasis is that 20%-50% occupdntshever control external window are those
seated in the internal area.

. Comolai
[ .Wlndow HAU/_ AHU }——TP-?I—QE{ Occuparnt behavior]

inoperable Operation hours

==
-
-
——

( c
. PAU/ AHU
[ Window | Hous ~
Ne—— ~

operable

Window in
public area

Window in office ]

— Direct influence ----+ Indirectimpact = — Control —— Interaction

Figure 6-6: Logistical diagram of the relationsHygtween window opening and mechanical
ventilation system

The upper frame explains the relationship betweémdeow opening and mechanical ventilation
system. For buildings designed with inoperable wimd ventilation can only be realized by
mechanical system such as Air Handling Units, Prymfsr Units or Fan Coil Units. The operation
hours are only controlled by building operator/ngaraf there is no interacting complaint mechanism
in the building. For buildings designed with opdeatvindow, building operator/manager can control
mechanical ventilation system, as well as windowslublic and office area. So a good feedback
mechanism should be set up to balance window opeaimd mechanical ventilation system. For
example, if lots of occupants open window in thicef then Primary Air Units should be decreased
or shut down accordingly by building operator talized energy conservation. But according to our
investigation, few office buildings set up the specontrol logic connecting window opening and
mechanical ventilation system. The latter one isallg controlled manually by building operator or
automatically by BMS system with the fixed contiagic.

For instance, the following table compares conlwgic of mechanical Primary Air Units. Based on
the energy benchmarking system and field measurertten electricity consumption is breakdown
into unified five items, including PAU, AHU, chilteplant, lighting & plug-in and special equipment
(i.e. garage vent, data center, kitchen device).efthe annual electricity use intensity of PAU in
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CHN-02 is 13.2 kWh/(tha), higher than 5.8 kWh/@@) in CHN-04 and 0.2 kWh/(h&) in CHN-03,

as shown in Figure 6-7. Building manager of CHNKH@3 shorten the operation hours of PAU due to
partial external windows can be manual opened bgumants, which greatly reduced energy
consumption of mechanical ventilation.

Table 6-1 Basic information of PAU of three invgated office buildings in China

CHN-02 CHN-03 CHN-04

Window operable or NoO Yes No
not

2~4 PAUs each zoon
(8~12 floors) connected

in parallel, independent

1 PAU each floor,

unified air intake by 1 PAU each floor,

Design style of PAU independent air intake

L shaft
air intake
VFD, controlled by CQ@
Control logic concentration of returned VFD V.FD’ controlied by return
air air temperature
7:00-19:00 (summer,
. . ] ] 8:00-9:00, 12:00-13:00 winter)
Operation period 6:00-20:00 (annual) (annual) 8:30-14:30 (transitional
season)
Operation hours 14 5 12-summer,winter
(hour/day) 6-transitional season
Rated air volume for
single PAU (rivh) 58428 4000 6200
Power capacity (kW) 45 1.1 2.2
140 8
120 - 1
= 100 - E 6 = Others
NE- 80 - e S B Lgt&Plug-in
= ~ 4 O Plant
£ 60 - E
2 = 3 2 AHU
=~ 40 S2 = PAU
20 - 1
0 0 - ‘
CHN-02 CHN-03 CHN-04 CHN-02 CHN-03 CHN-04
(a) Annual (b) Transitional season (April)

Figure 6-7: Electricity use intensity of PAU of éler office buildings in China
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7. Heating and cooling

7.1 Literature review

The traditional heating, ventilating and air coratitng (HVAC) system in office building is designed
to provide a steady environment which will be a¢abfe to 80% of the occupants (ASHRAE, 1992).
However, the philosophy has changed in recent yd&wse and more occupants have a strong desire
to control the thermal environment by themselveasusl the impact of occupant controlling indoor
temperature or humidity set point, lighting, shaddievice attracts great attention by researchers.

Leon et al. (Leon et al., 1997) develop a simplaehmf the thermal environment of an open space
office created by a task conditioning system amdutate the impact on energy consumption. The
model allows the occupant of each work station étect a single temperature for his or her
microclimate. Then the HVAC equipment will then miain that temperature by adjusting the cooling
air volume flow at a fixed supply temperature tonpnsate for the space load and the heat exchange
with other cells and the ceiling area. The reshtives that the occupancy rate and the amount of task
lighting and the floor-to-ceiling heat transfer ffa@ent are significant to energy consumption of
HVAC system. Figure 7-1 and 7-2 shows high occupam task lighting will cause more energy use.
5%-16% energy will be saved by simulation, due tatfication and reduce conditioning in
unoccupied areas.

(7S

1.05 o
0 0 y=0% g =H= Hvac
Ei! ! 2 y=20% ;”” —F DCToul
[} q 4 y=40% 5 1
3D,Eﬁ &
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= O Z 0857
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G 5 10 15 20 25 30 35 40 45 50
0.75 Frrrerrpreprerryrerrreer Task Lighting (%)

| i I 1
50 55 60 65 70 75 80 85 90 95 100
Occupancy (%)

Figure 7-1: Effect of OB on HVAC energy use for a Figure 7-2: Task lighting effect on energy use-
task conditioning system with occupant sensors HVAC energy and total energy (HVAC +lights+
relative to a conventional system without them plug loads)

Note: “x” represents the “occupancy rate”, whichthie probability that a particular occupant preisgnat any
given time; “y” refers to the “equipment leave-ata”, which describes the tendency of occupanthtd off
task lights and personal computers when they depart

Other researchers (Drik, 2011) also simulate tiaence of the impact of occupancy rate, the stiadin
device use and switching of the lights on HVAC ewstenergy consumption. The yearly energy
performance and thermal comfort of a 30 square mogten plan office is simulated by TRNSYS. The
result shows implementing occupant behavior hamnaiderable influence on the cooling demand and
thermal comfort in the offices. It is shown thateuraging people to actively switch off the lightst
only saves on the energy demand for lighting bst abduces the cooling demand and overheating
issues.
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7.2

Simulation on a case building

Occupant behavior towards cooling equipment cardibeled into users’ behavior and operators’

behavior. The building users can change the intemperature set point and the building operators
are usually on charge of controlling centralized A0/equipment. For understanding the impact of
those behaviors, three experiments are simulateBdST tools, based on the investigation of case
building in China (CHN-03).

(a) Typical floor of office tower
Figure 7-3: Simulation model sketch map of CHN-03

(b) Podium flot¥5

Simulation model of the building is shown in Figut8. Envelope information (referring to Table 7-
1), installed capacity and schedule of artificighting system, and occupancy schedule are based on
field survey result (referring to Table 7-2). Thiéice equipment load is 150 W/person. The indoor
room temperature set point of B3 to F20 is 25~29.Deand 27~29 Deg.C for high levels. The
controlled schedule of AHUs and PAUs is shown ibl&&-3.

Table 7-1 Envelope information of CHN-03

Visible Light Solar Energy U-value(W/nf.K) SC | SHGC RHG
(%) (%) (W/m?)
Trans| Reflect | Trans | Reflect | Winter Night | Summer Day
Out | In
25 27 | 18| 16 22 1.56 1.55 0.29 0.26 197
Table 7-2 Internal load based on survey
Floor Stuff No.| Area (nf) | m/person| W/m?
4 150 893.76 0.17 33.57
5 0 893.76 0 0
6 0 893.76 0 0
7 80 943.07 0.08 16.97
8 80 943.07 0.08 16.97
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9 90 943.07 0.1 19.09
10 40 471.54 0.08 16.97
11 120 943.07 0.13 25.45
12 150 943.07 0.16 31.81
13 140 943.07 0.15 29.69
14 150 943.07 0.16 31.81
15 120 943.07 0.13 25.45
16 150 943.07 0.16 31.81
17 150 943.07 0.16 31.81
18 100 943.07 0.11 21.21
19 150 943.07 0.16 31.81
20 150 829.59 0.18 36.16
21 100 829.59 0.12 24.11
22 100 829.59 0.12 24.11
23 60 829.59 0.07 14.47
24 50 943.07 0.05 10.6
25 100 Cannot be investigated.
26 20

7~19 average] 1520 11788.42 0.13 25.79

20~23 average 410 3318.35 0.12 24.71

Table 7-3 Control schedule of AHUs and PAUs

No.[Equip AirVqume vo(I)lfme Serving area Serving| AER Operation time
(m°/h) (mih) volume| (ach)

1 [PAU 20000 20000 KTV B1 6708 | 2.98 10:00-14:30 17:00-0:00
2 | PAU 20000 20000 Restaurant B1 2491.3| 8.03 10:00-14:30 16:30-21:00
3 | PAU 20000 20000 Restaurant B2 2883.6| 6.94 11:00-13:30 16:30-20:00
4 | PAU 4000 4000 Restaurant B2 2883.6| 1.39 11:00-13:30 16:30-20:00
5 |AHU 20000 2000 F1 7140.4| 0.28 7:30-18:30

6 | PAU 4000 4000 B1, B2 3000 | 1.33 7:30-17:30

7 |AHU 20000 2000 Podium F3 4596.15 0.44 7:30-9:00 13:30-15:00
8 |AHU 20000 2000 Podium F4 4596.15 0.44 7:30-9:00 13:30-15:00
9 |AHU 30000 3000 Podium club 1858.2| 1.61 7:30-9:00 13:30-15:00
10({AHU 30000 3000 Podium TowerB |3592.23{ 0.84 7:30-18:30
11({AHU 30000 3000 Office, L2, TB 1374.820 2.18 7:30-18:30
12({AHU 30000 3000 Office, L3, TB  [3449.484 0.87 7:30-18:30

13| PAU 13500 13500 West restaurant N.A N.A Close

14 PAU 20000 20000 Restaurant B1 N.A N.A Close
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15|pau| 20000 | 20000 B2 office 553452 3.61 7:30-18:30
16|AHU| 20000 | 2000 POd'”:;jmmeetmg 4596.15 0.44 7:30-9:00 13:30-15:00
17 (AHU 20000 2000 Chinese restauran{ 2817.7| 0.71 10:00-14:30 16:30-21:00
18| AHU 20000 2000 Podium F1 7140.4| 0.28 Close
19|aHU| 30000 | 3000 | oOffice, L2, TA | 1371 | 2.19 7:30-18:30
20|AHU| 30000 | 3000 | Office, L1, TA |3283.79 0.91 7:30-18:30
21|aHU| 30000 | 3000 | PodUm4meetng), o od 142 Close
room
Podium 3 meeti

22|aHuU| 30000 | 3000 | "° 'ugommee "9 13449.48] 0.87 7:30-18:30

23| PAU 2000 2000 Swimming pool | 3194.2| 0.63 Close
24|PAU| 2000 2000 B3 2265.11] 0.88 7:30-18:30

Note: “AER” represents the “Air Exchange Rate”.

The cooling consumption from May, 2010 to Sep, 2BlMeasured. The difference between monthly
measurement and simulation result is less than &skown in Figure 7-4), which calibrates the
reliability of the simulation model. Three cases simulated as follows:

1) Case 1 (User behavior, Figure 7-5). It can be ecateal that the monthly cooling consumption
will increase 12% to 20% if decreasing indoor terapgre set point by 1~3 Deg.C.

2) Case 2 (Operator behavior, Figure 7-6). If incregughe operation time of PAUs from 4
hours/day to 6 hours/day, the cooling consumptidhincrease 21% within the whole cooling
season.

3) Case 3 (Operator behavior, Figure 7-7). If incregughe operation time of AHUs from 3
hours/day to 11 hours/day, the cooling consumptiglh increase 44% within the whole
cooling season.

m Cooling consumption ® DeST simulation result u Before H After
16 18 16.9 15.9
14 16 14, 14 .
< 12 < 14 - .
o
2 10 €10 10.
E° Es
S 6 S 6
e < 4147 3644
24 2 4 :
2 2
o T 0 1
May Jun Jul Aug Sep May Jun Jul Aug Sep

Figure 7-4: Comparison of cooling consumption Figure 7-5: Case 1(User behavior)-decreasing
by measurement and simulation indoor room temperature setpoint from 25~27
Deg.C and 27~29 Deg.C to 24~26 Deg.C
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Figure 7-6: Case 2 (Operator behavior)-
Increasing PAU operation period from present
(8:00-9:00 and 12:00-13:00) to 7:30-13:30
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8. Summary and conclusions

The energy use of office building has been attngctjreat attentions due to its significant roléatal
building energy consumption worldwide nowadays. Trtfliencing factors of energy consumption in
office buildings were gradually clarified by resdaers in recent years. Generally speaking, those
factors can be summarized into two categoriesudinl six factors:

(1) Physical factor, consists of Climate (e.g. outdambient temperature, humidity, solar radiation,
etc.), Envelope (e.g. structure, K-value, etc.) aedhnical system (e.g. lighting, office device,
service system, especially HYAC system, etc.)

(2) Human factor, including Set point (e.g. indoor eohtemperature, carbon dioxide concentration,
fresh air volume, etc.), Operation (e.g. on-offestiie of central systems, etc.) and Occupant
behavior (e.g. switch on-off of lighting, equipmestdtus in after-hours, window opening, etc.)

A number of present studies were more focusinghanlatter three factors, especially the related
occupant behavior in the office building. Thosedss intended to solve two kinds of problems.
Firstly, to improve building energy prediction mdgjeso as to give more accurate results. Secotally,
optimize building control logic, in order to minin@ energy consumption. The researches focus on
occupant schedule, lighting and blind utilizingfied equipment using in after-hours, window opening
etc. The existing researches have combined metbiofilsld measurement, questionnaire survey and
simulation, concentrated on quantizing occupantabighn in office building and tried to set up
connection between environmental parameters.

There are 12 office buildings are contributed bsesgchers from seven countries, including Austria,
Belgium, P.R. China, France, Italy, Japan and Ngnimcluding five small-scaled office buildings
and seven large-scaled high-rise office buildimgsubtask B1. The basic information and total eperg
use of these 12 office buildings are compared.

The main purpose of this report is to review thg kteratures relating to the impact of occupant
behavior on energy consumption and the key findiogsthe Subtask B1 of ANNEX 53 by
contributors. The energy use of occupants in officildings has been grouped in the following
categories: lighting, office appliance, ventilatimnd window operation, as well as heating and ogoli
For those office energy use categories, the retdypes of occupant behavior have been discussed.

There are three major conclusions of occupant behampact on energy consumption in office

building, based on case study:

(1) There is weak relationship between external illuanite and the use of artificial lighting in large-
scaled office building. Occupants usually turn otifieial lightings during the working hours.
But occupants in small-scaled office buildings os®e natural lighting and save more electricity.

(2) The electricity consumption of centralized systerhigher than de-centralized system (especially
to lighting system and HVAC system). For examplee energy use of ventilation and air-
conditioning system in large-scaled office buildiisglarger than small-scaled office buildings
due to the limitation of operable external windowke building operator behavior (i.e. set point,
air change rate, control strategy of circulatingnps and fans, etc.) is the decisive factor of
electricity consumption of AC systems as well agliogg consumption.
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(3) The energy loss can be caused by three aspectendrgy waste caused by equipment
inefficiency, 2) energy lose caused by steam ot leeking, 3) electricity waste caused by stand-
by power during off duty hours. Thus, it is foumét the occupant behavior of night-time standby
status is the key decisive factor of appliancesoffice building according to the on-site
investigation.
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Abstract

The energy use of residential building has beeadihg great attentions due to its significaneriol
total building energy consumption worldwide nowaslayThe influencing factors of energy
consumption in residential buildings were gradualbrified by researchers in recent years. Generall
speaking, those factors can be summarized intcategories, including six factors:

» Physical factor, including Climate (e.g. outdoor@amt temperature, humidity, solar radiation,
etc.), Envelope (e.g. structure, K-value, etc.) @adhnical system (e.g. lighting, office device,
service system, especially HVAC system, etc.)

* Human factor, including Set point (e.g. indoor ttoh temperature, carbon dioxide
concentration, fresh air volume, etc.), Operaties.(on-off schedule of central systems, etc.)
and Occupant behavior (e.g. switch on-off of lightgidow opening, etc.)

The present case studies in this report are fogusinthe latter three factors, especially the eelat
occupant behavior in the residential building. Ehetudies intended to solve two kinds of problems.
Firstly, to improve building energy prediction mdgjeso as to give more accurate results. Secotally,
optimize building control logic and system choige,order to minimize energy consumption. They
have combined methods of field measurement, questice survey and simulation, concentrated on
quantizing occupant behavior in residential buidiand tried to set up connection between
environmental parameters.

The main purpose of this report is to review thg kteratures relating to the impact of occupant
behavior on energy consumption and the key findiogsthe Subtask B1 of ANNEX 53 by
contributors. The energy use of occupants in resiglebuildings has been focused on the following
categories: heating, cooling, lighting and homeliappes. For those residential energy use categorie
the relevant types of occupant behavior have besusked. The results show that there are obvious
individual differences on occupant behaviors anffedint patterns of occupant behavior have
significant impact on residential building energeu
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1. Boundary of the energy and occupant behavior in redential building

Occupant behaviors affect building energy usagecesthe oil shocks of the 1970s, there have been
numerous studies of the relationship between mgldinergy consumption and occupant behaviors
from a wide range of disciplinary perspectives. fitl researchers have reviewed these perspectives,
which were grouped into biological, psychologicatcial, time, and physical parameters of the
environment and buildings. Thus, the manifold issfiebehavior demands interdisciplinary work
between engineering and social sciences.

But what is meant by behavior? With respect to ehergy-related issues of this report, the term
‘behavior’ is predominantly meant by the followingbservable actions or reactions of a person in
response to external or internal stimuli, suchemsperature, indoor air quality or sunlight. In this

definition of behavior, attitudes and motives ofiadividual which lead to a specific action are not

included. Data concerning behavior often stem fsmnsors (e.g. for window opening) in terms of

indicators for observed behavior.

Through this definition approach of occupant bebgva clear link can be established (see Figure)
between building engineering and social, econopsychological, physiological, and human-factor
engineering sciences. Although human behavior imllysin the research fields of the latter and is
explained as a deep mechanism, the occupant behdescription is first needed and used in the
building simulation technique which can evaluate thfluence degree of occupant behaviors on
building system performance.

— Environment,
—» [ X 3 —.—I-| behawor Building | —— | energy cost,
T | [ enargy usaga_
I - I - - S - - S S S | S, S S - - .-
L |
| Psychology, |1
* physiology, H
| | economy Ji
Outside impact factors | e o ! Impact of human

______________ | behavior on building
energy performance

Comfort,
culture,
sconomy

o . Human feelings in
Principles from jdeology physiology, psychology,
to behavior and economics

Figure 1-1. the relationship among different resgafields.

This report starts with a discussion of the boupddirenergy use and occupant behavior when looking
at the total energy use of residential buildings.athieve a deep view how occupant behavior impact
building energy use, several case studies werentdkethe following chapters: Session 2 compares
the energy use of residential building in severlntries. Session 3 to 6 illustrates the literature
review and research result of different energy esyst in residential building, including heating,
cooling, lighting and household appliances. Sesgisaummarizes the key conclusions.
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2. Comparison of residential building energy consumptn

2.1 Classification of case buildings

Energy use and occupant behavior depends on tiggeasd primary activity of building. It has been
found from existing research that there are bifptkhces of energy consumption for detached house
and multi-family building, due to the main diffei@s of the two types of residential buildings:H§ t
shape factor of detached house is usually highen the multi-family building; 2) the density of
occupant, light and equipment in detached houssuslly lower than the multi-family building. The
characters of each type of building are shown énTtable 2-1.

Table 2-1. Comparison of two residential buildiggés defined by existing research

Type Floor area ranges (M) | Energy use related
Type 1: detached 72 ~ 385 72 ~ 144
Type 2: multi-family| Larger than 1200 75 ~ 200

The type of detached house is common in Europe,,d®4d Japan, while the type of multi-family
building is common in China. The building energyvsee system and energy-related behaviors might
differ for the two types of buildings. To catch ghieature, the case residential buildings in this
ANNEX are also defined as two types: detached hansemulti-family building.
1) R1-Detached house. There is only one family in atetd house and the occupied spaces
usually have a roof top and a basement. The tiatat &rea of the house is usually larger than
100 square meters.
2) R2-Multi-family building (apartment building). Therre several families in one building and
the total floor area of each family is usually slexathan 100 square meters.

2.2 Classification of case buildings

Twelve residential buildings are contributed byeashers from four countries, including Austria,
Belgium, P.R. China and Japan. Six detached hau$sia multi-family apartments are included. The
total floor area of detached houses ranges from tb5889 square meters. Basic information is
illustrated in Table 2-2.

Table 2-2. Detailed information of twelve residahbuildings

Code Photo Case contributor and Basic information
contact person
AUT-01 Vienna University of | Category: R1
; Technology Location: Vorarlberg, Austria

Markus Dorn, No. of floors: 2
Naomi Morishita, GFA: 280.6 M
Thomas Bednar & Construction year: 1987
Azra Korjenic Data level: B
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AUT-02

Vienna University of
Technology
Markus Dorn,

Category: R1
Location: Vorarlberg, Austria
No. of floors: 2

Naomi Morishita, GFA: 185.2
Thomas Bednar & Construction year: 1965
Azra Korjenic Data level: B
AUT-03 Vienna University of | Category: R1
Technology Location: Vorarlberg, Austria
Markus Dorn, No. of floors: 2
Naomi Morishita, GFA: 164.4
Thomas Bednar & Construction year: 1957
Azra Korjenic Data level: B
AUT-04 Vienna University of | Category: R1
Technology Location: Vienna, Austria
Thomas Bednar No. of floors: 2
Azra Korjenic Construction year: 1930
Data level: A
AUT-05 Vienna University of | Category: R1
Whmm Technology Location: Vienna, Austria
Thomas Bednar No. of floors: 2
Azra Korjenic GFA:389.4 M
Construction year: 2004
Data level: A
AUT-06 Vienna University of | Category: R2
Technology Location: Vienna, Austria
Thomas Bednar No. of floors: 13
Azra Korjenic GFA: 1330 M
Construction year: 2007
Data level: B
BEL-01 University of Liége Category: R2
Bertrand Fabry Location: Hondelange, Belgium
Vincent Dolisy Data level: A
Nicolas Pignon
Philippe Andre
BEL-02 University of Liege Category: R2

Bertrand Fabry
Vincent Dolisy
Nicolas Pignon
Philippe Andre

Location: Arlon, Belgium
No. of floors: 6

Heated area: 1330°m
Construction year: 2005
Data level: B

66




BEL-03

CHN-01

JCJ EnergeticsCleide
A. Silva

Jules Hannay

Jean Lebrun

Category: R2

Location: Belgian coast
No. of floors: 8

Data level: A

JPN-01

Tsinghua University
Yi Jiang

Yingxin Zhu

Da Yan

Chuang Wang

Category: R2

Location: Beijing, China
No. of floors: 20
Construction year: 2000
Data level: B

JPN-02

Tohoku University,
Japan
Hiroshi Yoshino

Category: R1

Location: Sendai, Japan
No. of floors: 2

Heated area: 285'm
Construction year: 2008
Data level: C

Similar with office building, Table 2-3 presentetimformation status of each residential building.

Tohoku University,
Japan
Hiroshi Yoshino

Category: R1

Location: Fukushima, Japan

No. of floors: 15

GFA: 72.3 M
Construction year: 2000
Data level: C

Table 2-3. Case studies’ information of six catégmor

A|lAIA|A|/A|A | B|B|B|C]|J
1/23|4|5|6|1|2|3|1|1
Climate
HDD ° ° ° °
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CDD ° e | o °

Whole building characteristics

Year built o | o | o | o | o | e |0 | o o | o | o
No. of floors e | o | o | 0|0 | 0|0 o o | o | o
GFA e | o | o | o | 0| 0| 0 | o e | o | o
No. of occupants o | o | o | 0o | 0| e |0 |6 e | o | o
Building envelope

Material o | o | o | o | 0| o °
U-value e | o | o | o | 0| 0| 0|0 | @

Window to wall ratio

Building services and energy systemsg

Heating system o | o | o | 0| 0| 0|0 |0 0o o | o
Air-conditioning system o | o
Ventilation o | o o o | o
Lighting o | o o | o
Domestic hot water o | o | o | o | o | e e | o
Cooking ° o | o
Building operation

Occupancy schedule o | o | o o | o
Space heating o | o ° o | o
Space cooling o | o
Ventilation o | o | o | o | @ o | o
Lighting o | o
Cooking o | o
Domestic hot water o | o
Energy indicator

Energy carrier o | o | o | o °
Aggregation of energy o | o | o | o

Normalized energy use °

e: Related information is collected and providedcbwtributors.

2.3 Comparison of climate

Climate conditions of the places where the buildiage located are quite different, as listed inl&ab
2-4.

Table 2-4. Climate conditions of the places

Places HDD CDD
Vorarlberg 4035.34 0.00
Vienna 6808.11 0.00
Hondelange 4574.17 0.00

Arlon 3557.68 0.00
Belgian Coast 3809.92 0.00
Beijing 2789.98 70.73
Sendai 2580.44 7.93
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24 Comparison of energy consumption

All the 12 case buildings locate in the cold climaggion, so heating demand makes the main energy
consumption. The source type for space heating RIHW in the case buildings covers widely,
including gas boiler, oil boiler, wood burning ovesolar panel, gas furnace, air-to-water heat pump,
air conditioner (air-to-air heat pump), urban heapply network, direct electric heater, and electri
thermal storage heater.

Table 2-5 and Figure 2-1 compare the heating enasgyand electricity use of the 12 buildings.
According to the result, electricity use of Chimaithern city Beijing), Austria, Belgium and Jagan
around 17.5 to 44.6 kWitm®.a); heating energy use of them is around 45.05@41kWh/(n.a).
There is no big difference of total energy consuamptior the case buildings from the above 4
countries. Besides, there is no strong evidence tthe apartment building consumes less than
residential house.

Table 2-5. Energy use indicator of 12 case studidemtial buildings

- Heating
No type source (Eel)e(gltﬂg::]y (space DHW
o P i )9 heating | (kWhica)
9 | & DHW)
Al house gas boiler + wood burning oven 1.2 81.8 N/A
A2 house oil boiler + solar panel 17,5 80.2 N/A
A3 house gas boiler + wood burning oven 28.7 51.2 N/A
gas furnace (for heating &
Ad house DHW) 38.8 77.0 N/A
A5 house oil boiler + wood burning stove 220 101.4 N/A
solar water heater
A6 | apartment| gas boiler (heating floor) 30.0 45.0 N/A
B1 house air-to-water heat pump (heating N/A 71.9 1.605.3
floor)
B2 | apartment| 985 Potler (6 radiators, 28.1 57.3 901.0
thermostat in living room)
B3 | apartment| Electric heater 36.8 N/A
Cl | apartment City heating network 32.1 100.4 341.6
11 house EIectr'lc thermal storage heater + 31.4 112.6 2.293.8
electric water heater
air conditioner for heating + city|
J2 apartment gas for DHW & oven 44.6 155.4 2,775.9
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Figure 2-1. Electricity & heating energy consumptiadicator of residential case buildings (Unit:
kWh/(ni.a); electricity use for heating is directly contest to heat by calorific value)

Occupant behaviors, like occupancy schedule, windpening, use of air conditioner, use of lights,

use of household appliances has been studied Isfigueaire survey or on-site measurement, in order
to explore how occupant behaves in home and thadgf occupant behaviors on building energy

use. There are three major findings:

a) Occupancy, heating operation time and set point lbigsdifference and results in big difference
of building energy consumption

Occupant schedule is the major investigation tavggth has been surveyed. Figure 2-2 shows the
detailed investigation result of worker and hougeviiehavior in Japan. According to questionnaire
survey, three scenarios named “Energy-saving”, it and “Energy-wasting” are compared. In a
conclusion, reducing the operating time or equipmnmember of space heating and domestic hot water
can decrease 40% to 46% space heating energy ngeamed to “energy-wasting” scenario (see
Figure 2-3).

100% 100%
80% 80%

60% Outing 60%

ol Sleeping :ttﬁzl[:% Pl Seeping
20% ‘
0% T T T T T T T T T T T T T T 0%

1234567891011121314151617181920212223 123456789101112131415161718192021222324
Time Time

(a) Worker (b) Housewife
Figure 2-2. Typical occupant behavior surveyedasidential buildings in Japan

Staying
20% athome
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“Always” or “Often” — Energy-saving W Energy saving

“Sometimes” — Normal _ Normal
“Seldom” or “Never” — Energy-wasting Energy wasting

Reduce operating time of N=189

the heating equipments N=20

Reduce the number of rooms with N=207 5%

the heating equipments working sfig

Set lower temperatures of N;fos

the heating equipments y-qg

0 10 20 30
Energy consumption for space heating[GJ/year]

Figure 2-3. Statistical impact of behavior on spaeating energy use in residential buildings in
Japan

b) Different countries have big difference in use ¢f\lV

Due to different hot water demand (shower, bathshivey hand, etc.), the per capita energy use of
domestic hot water (DHW) in China, Belgium, and alafmas big difference (see Figure 2-4). The
DHW use of Japan is highest, followed by Belgiurhjr@ is lowest. According to investigation, the
Japanese like tub bath very much, while the Chimdan take showers rather than bathing, which
leads to 7~9 times differences in use of DHW.

N  apartment

house

apartment _

apartment

J1

C1

= DHW

B2

B1

house

0 500 1000 1500 2000 2500 3000
Figure 2-4. DHW energy consumption indicator ofidestial case buildings (Unit: kWh/(ca.a))

c) Typical behavior patterns can be found in real sase

Different behavior patterns related to huge diffiees of energy use have been found in residential
buildings. Table 2-6 and Figure 2-5 show severalihg patterns and their heating energy use from
Japanese residential database. The four heatibgrmetare found from 4 detached houses, where for
heating space ‘all rooms’ include both living roamd bedroom, ‘part rooms’ include living room or
bedroom only; for heating time ‘24h’ mean continsduweating all day, ‘occupied’ mean periodic
heating when the spaces are occupied. The meakaegithg energy use due to the four patterns has
about 5 to 20 times difference.
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Table 2-7 and Figure 2-6 show several cooling padtand their AC energy use. The cooling patterns
are found from Chinese residential buildings usplit AC unit, where for cooling space ‘all rooms’
include both living room and bedroom, ‘part roorim&lude living room or bedroom only; for cooling
time ‘24h’ mean continuous cooling all day, ‘ocaeghi mean periodic cooling when the spaces are
occupied, ‘feel hot’ mean periodic cooling when #ipaices are occupied and the indoor temperature is
higher than some comfort level. The simulated capénergy use due to the four patterns has about 3
to 10 times difference.

Table 2-6. Heating patterns in residential buildsng

Heating pattern Time and space

1 All rooms heated for 24h during winter

2 All rooms heated when occupied

3 Only part rooms heated for 24h during winter

4 Only part rooms heated when occupied during winte

2500 H P m P2 = P3 B P4
2000

1500

kWh electricity

1000

500

Jan-03 Feb-03 Mar-03 Apr-03 Oct-03 Nov-03 Dec-03

Figure 2-5. Measured energy use of heating patterdapan (Unit: kWka)

Table 2-7. Cooling patterns in residential buildsng

Cooling pattern Time and space

1 All rooms cooled for 24h during summer
2 All rooms cooled when occupied

3 Only part rooms cooled when occupied
4 Only part rooms cooled when feel hot
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3. Heating

3.1 Literature review

All residential cases in this project use heatirgicks in winter. Heating schedule, set point ewe t
main factors related to heating behavior.

By simulating possible daily routines of occupardasdata set of heating-related behaviors was
generated randomly. As heating behavior is inflegeinloy and related to secondary behaviors such as
window opening, internal heat gains, DHW use, amg@nce, these factors were also considered. Ref.
[1] uses the Akaike Information Criterion (AIC) amdhgelkerkes Rindex in order to develop a
multivariate regression model for the probability AC-unit usage for heating. By consequently
adding variables, which lead to a highériRlex and a lower AlC-value, they improved the eldit

to the data from an®Rndex of 0.04 for the univariate model includingtdoor temperature alone up

to 0.48 for the multivariate model. The final modletiudes in total 19 variables related to physical
parameters of the surrounding as well as indivighaahmeters such as the preference.

Ref. [2] applied the same procedure and presemisl@évariate regression model for the choice of set
point temperature for heating in wintertime.

3.2 Measurement and simulation

Some detailed measurements have been made in ttapampare heating energy consumption with
different heating modes, the basic information ahwlich is shown in Table 3-1. Different heating
modes are described in Table 3-2.

The houses are all detached, and are measuredrgearal of 15 min for heating power, indoor and
outdoor temperature. Relative residential enerdggliese can be found fattp://tkkankyo.eng.niigata-
.ac.jp/HP/HP/database/japan2/index.htm

Table 3-1. Information about families measuredapah

Case Location Area Heating system Family no.
N,D7 Northeast 140 Electric thermal storage heater 3
N,D4 Northeast 109 Electric heat pump 3
K,D9 Kanto 114 Electric heat pump 4
K,D1 Kanto 92 Electric heat pump 3

2500 mN,D7 mN,D4 BK,D9 mK,D1 ®mN,D7 mN,D4 BK,D9 mK,D1

2000 - 10 9.0

1500 -

kWh electricity

1000

MWh electricity

500 -

o N & O

o 4 |
Jan-03 Feb-03 Mar-03 Apr-03 May-03 Jun-03 Jul-03 Aug-03 Sep-03 Oct-03 Nov-03 Dec-03 N,D7 N,D4 K,D9 K,D1

Monthly heating and AC energy Annual heating energy
Figure 3-1. Heating and AC energy consumption
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Table 3-2. Heating modes of the measured families

Mode Time and space Temp. control | case

2 Full time full space Full capacity N,D7
4 Scheduled time for full spageFull capacity N,D4

5 Occupied space only Const. T K,D9
7 Occupied space only Full capacity K,D1

The 4 families represent 4 different types of hegatnodes respectively, varying in heating time and
space. Figure 8 shows the monthly heating and A&Zggm and annual heating energy in each family.
Figure 3-2 shows the indoor temperature and healeciric power of Family no.N-D7 and no.N-D4
in winter typical day. It can be found that indéaemperature of Family no.N-D7 is almost steady due
to continuous heating, while that of Family no.N-Bdctuates obviously since heating is off unless
during getting up to leaving for work, and cominack from work to sleeping. Compared with these
two families where both bedroom and living room heated, heating energy consumption is lower in
Family no.K-D9 and K-D1, where only bedroom ortigiroom is heated.

—Heating power —bedrcom T ——Livingroom T Outdoor T

—Livingroom T —BedroomT —Outdoor T — Heating power
80 30 30 10
70 25 25 s / . 5 s
60 i U S 7 ey e\ R vy
5 0 15 o= = TN = [ 7
g 5o = =7 ==
3 15 & 10 6
#2 40 £
= 10 2 C 5 5. N
FRE o a
5
20 I ! A
L \ i A 189 il i 3
10 i r\l l A_l "\l ’_J ° -10 ﬂ | "H ﬂ. 1 ,‘JI v]'*, ‘J ! ‘\ v\’\. 2
0 5 as {1 - {1 4 fil \ 1y
12-80:00 12-812:00 12-9C:00 12-912:00 12-10 0:00 12-1012:00 12-110:00 20 “ \ Al Faid)] /J [ l L 0

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 600 12:00 18:00 0:00

2003/1/6 2003/1/7 2003/1/8

Figure 3-2. heating curve of Family no.N-D7 (left)d no.N-D4 (right)

At the same time, heating simulation is made to gam® with the measured data. The simulated
residence is located in Sendai, Japan. Heat tnawsfefficients of different exterior parts of the
building envelope are summarized in Table 3-3. f@sdence is a two-story wood construction, with
a total floor area of 153.4mThere are 4 occupants, a couple with two childeewd one living room
(including a dining room) and 3 bedrooms (main rpédmthe residence. The climate condition in
Sendai is shown in Figure 3-3.

Table 3-3. Information about the building envelope

Building Envelope
Wall Window Area ratio of window to wall
K K Sc | East West North | South
W/m2/K | Wim2/K
1.24 4 0.7 0.2 0.2 0.2 0.2
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Figure 3-3. Monthly average dry ball temperatureSendai, Japan

Figure 3-4. An outside view of the residence

Plan

Figure 3-5. The plan of the residence
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Four operating modes are assumed, listed in TaldleMbode A represents an operating mode that all
rooms are heated all the time, and Mode B is thit main room are heated but all the time, while
Mode C, D, E are described as part-time and patespmodes, the schedules of which are illustrated
in Table 3-5. Figure 3-6 shows the model for siriafa

Table 3-4. Setting description of different modes

Mode Setting description
A All room full time
B Main room full time
C Main room scheduled 1 time
D Main room scheduled 2 time
E Only living room scheduled?2 time

Table 3-5. Different schedules for each type ofiiso

Living room schedule 1 Living room schedule 2
1 1 3h/d
17h/d
6 12 1 1 21 3 [ 9 12 15 12 21
Bedroom schedule 1 Bedroom schedule 2
' ' 3h/d
13h/d
B 12 1 1 21 [ 12 1 1 21
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Figure 3-6. Residence model for simulation

It can be found from the simulation results thdtedént operation mode can make great differences i
heating load and energy consumption, and that Fhelation result range (red arrow) covers the real
energy consumption data (green arrow).

KWh/m Heating load of Jan.2003
40 Miax_

Simulation result Real EC data

20

15

il L 1. U
A e RRREE SRR RRR

Al Bl C D1 E1 A2 B2 C2 D2 E2 A3 B3 (3 D3 E3 A4 B4 C4 D4 E4 ND1 ND4 KD2 ND2 ND7 KDS KD3 KD5 KD1 KD4

Max

0.1ACH,16°C 0.1ACH,22°C 0.5 ACH,16'C 0.1ACH22°C

ND1-Kerosene boiler
KD2. ND2. KD9-Electric thermal storage heater
ND4. ND7. KD3. KD5. KD1. KD4-Electric heat pump

Figure 3-7. A comparison between simulation resattd real EC data
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4. Cooling

4.1 Literature review

Ref [3] calculated the probability of switching tme AC-units as a function of mean hourly outdoor
temperature.

Ref. [1] uses the Akaike Information Criterion (Al@nd NagelkerkesRndex in order to develop a
multivariate regression model for the probabilitiy AC-unit usage for cooling. By consequently
adding variables, which lead to a highériRlex and a lower AlC-value, they improved the eldit

to the data from an®Rndex of 0.04 for the univariate model includingtdoor temperature alone up
to 0.48 for the multivariate model.

Ref. [2] applied the same procedure and presemisl@évariate regression model for the choice of set
point temperature for cooling in summertime.

Ref. [4] applied the Markov model to relate AC usdg different time intervals of the day based on
the data from eight observed dwellings in Fukudiegan. Ref. [5] presented a logit line for coolimg
mixed mode office buildings, but not for residehkiaildings.

Air conditioning control behavior is used as anrap& to demonstrate how to apply the procedure to
the present control action model for a specificetyyd device. The behavioral patterns of turning-on
the AC and turning-off the AC are investigated éoChinese family with a split AC unit. This is a
‘part-space part-time’ air conditioning mode (seguFe 4-1Figure): (1) Turning-on the AC pattern is
defined as “turn on AC if an occupant is in a roand feels hot”; the threshold value is 28.5(2)
The turning-off AC pattern is defined as “turn 8f€ if an occupant is out of the room”.(3) Adjusting
set-point pattern is defined as “using fixed sah{ipthe set point temperature is 265

IndoorT ——OutdoorT ——ACpower
35

33 14 L8

31 12 Turn on AC
29 1 4
27 Turn off AC

T 25 “Cw g

23 06
21 0.4
19

17 02 >

Time

15 0
6-12 6-13 6-14 6-15 6-16
Time

(a) indoor and outdoor temperature, and AC power  (b) turn-on and turn-off patterns
Figure 4-1. Air conditioner operation

The system status inputs are zone occupancy aodritemperature; the outputs are turn-on/turn-off
actions and the states of the air conditioner. féigu2 shows the simulation results of air conditig
actions. It can be seen that (1) the air conditioméurned off when the occupant leaves the ro@n;

it is turned on when the occupant enters the roodntlae indoor temperature is higher than 28.%3)

the set-point temperature is 2&5 The simulation results reproduce the charactesigif the real
operation of air conditioner.
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Figure 4-2. Simulation of air-conditioning behavior

4.2 Measurement and simulation

A residential building in Beijing, China is measdiri@ 2006 for cooling energy consumption. The air
conditioning electricity use in each apartmenthisven in Figure 4-3, and the average electricityigse
2.3kWh/nf, while a wide range of consumption can be seen.
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- gejepapaepppRpp .

1 - i
0 v im0 B BT LT BT

1234567 8910111213141516171819202122232425

Electricity Consumption of Cooling System

Apartment No.

Figure 4-3. The measured energy consumption ofn2&véry unit of a residential building in Beijing,
2006, split unit

Why there is such a big difference between apartsngnelectricity consumption? The causes are
analyzed as follows: the operation hours per sunpeerunit are measured quite different, varying
from 3000 hours to 50 hours, and the different AShg modes also contribute to the difference
significantly. For example, AC system may be onteiated for occupied time or occupied space, and
window may be open when outside condition (e.gpenature and humidity) is fair, while also may
be operated all the time regardless of occupatiomeather condition. Difference in AC temperature
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is another cause. The starting temperature, athadrie starts to use an AC system feeling hot, s no
the same, and the set point also varies, such &5 28C or 24C. These factors lead to a big
difference in AC consumption.

The measurement on natural ventilation rate has kedeen in Beijing, and the result shows a huge
difference, as is shown in Figure 4-4.
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Figure 4-4. measured natural ventilation rate inijiBe
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Figure 4-6. A schedule of the operation of AC
To study the differences further and quantitivelysimulation model of the residence is made and

energy consumption is simulated. The building pshown in Figure 4-7. And the heat transfer
coefficient of the exterior wall is 0.622 WK, while for window the value is 2.8 WHiK.
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Figure 4-7. Building plan of the residence for siation
Simulation cases are listed in Table 4-1. There6acases in total, taking different operating modes
into consideration, including full time, full spaacg part time, part space, different set point and

different window opening modes (ventilation rates).

Table 4-1. Description of different simulation case

Case No. Description
Case 0 (Standard case) Full time, full space, set point 24, 1ACH
Case 1 (raise set point by 2K) Full time, full space, set point 26, 1ACH
Case 2 (part time) Part time, full space, set point 26 1ACH
Case 3 (starting temp.) Part time, full space, starting point'29 set point 26, 1ACH
Case 4 (open window) Part time, full space, starting point'29 set point 26, with
window opening (1~20 ACH)
Case 5 (part space) Part time, part space, starting point@9set point 26_, with
window opening (1~20 ACH)

A comparison between the simulation results andrteasurement is shown in Figure 4-8. In standard
case, the electricity consumption is 15.6 kWH/&) and in case 5, with a quite different opegatin
mode, it can be decreased to 0.2 kWh/gn The simulation results are compatible withrreasured
data, thus it is concluded that it may decreaseAiiesystem consumption when a reasonable AC
operating mode is taken.
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Figure 4-8. Simulation results of different lifdstgnd the measured results
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5. Lighting

5.1 Literature review

Lighting schedule is a traditional way to describe occupant impact on lighting system. Figure 5-1
shows results obtained from measured lighting gnesg in 100 UK residences in half-hour intervals.
It shows how the lighting demand profile during/pital weekday changes with season.
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Figure 5-1. Daily lighting profiles (monthly averag, weekdays) at different times of the year
(averaged over 100 homes)—showing demand in Jashéd grey line), September (solid grey line),
December (solid black line) and March (dashed blauok), Ref. [6].

The profile in Figure 5-1 falls into four discreperiods during which occupant behavior remains
relatively similar for each half-hour — nighttimejorning peak, daytime, and evening peak. By
assuming an underlying function for each periochuah trends may be stored for the parameters that
describe each of these functions. The morning gealexample, was modeled by a Gaussian function
in terms of peak height, width, and peak time. Eening peak was modeled by a more intricate
function, which included the description of leadingd falling edges. Further relationships were
investigated to model the annual trends for eacthe$e parameters. For example, the leading edge
parameter for the evening lighting peak was fouadbé a sine wave, whilst the trailing edge
parameter was constant throughout the year. Thelalg®d model also allowed representation of
diversity by employing scaling factors for diffecss in occupancy, income, lifestyle, etc.

To further represent the uncertainty and feedbaakufe of lighting behavior, a high-resolution
stochastic model of multiple electricity-dependadtivities in households (including lighting) arfaet
associated electricity demand has been developdriefn [7]- [10]. This model produces activity
patterns for individual occupants as well as thmelstic electricity demand based on these patterns.
The activity patterns are based on a nine-stat&ddachain (absence, sleeping, cooking, dishwashing,
washing, TV, computer, audio, and other). The Markbain transition probabilities are based on
extensive Swedish measurements between 2005 and iO@nonthly or annual periods in 14
households, and time-use data for five of thesesélooids. Based on these transition probabilities, a
each time step in the calculation a stochasticgg®cletermines which activity will take place. ldsin

a relatively simple conversion model, generalizedd! patterns for various electricity end-uses are
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related to the activities to calculate the powended for the end-uses. Figure 5-2 shows the meaasure
switch-on probability functions.
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Figure 5-2. (a) Measured switch-on probability ftioo upon arrival [11]. (b) Intermediate or within-
day switch-on probability for electric lighting [1.2

5.2 Case study and results

In literature, the lighting profiles or individubighting behavior are usually progressive averagech

a lot of houses or families. However, their diffezes on lighting use are not considered. In this
project, we investigated more than 70 Japaneseliésnand recorded the lighting power in a 15-
minute interval. The big differences among thétiigg energy use of these families and the reasons
are analyzed. Finally, a uniform model is propotediescribe the lighting behavior for residential
cases.

The measured lighting energy use is shown in FiguBe From the measure data, some conclusions
are obtained. The lighting energy consumption iarepents, typically 13~35 kWh/fa) is larger
than that in detached houses, which varies fromid %% kWh/(rﬁ.a), and the difference is more than
10 times. When compared by district, a differenic8~% times in each district can be seen.
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Figure 5-3. Measured results of lighting energy use
The average daily lighting profile, and peaks dgitine day are shown in Figure 5-4. There are X, 2 0

3 peaks during the day for different occupants, #edvalue of peaks mostly relates with occupant
behaviors.
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Based on the observation of measured results, axdder a curve model for lighting use. The model
has multi feature parameters, related to geo-locatime of year, occupants’ habit (schedule, etc.)
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Figure 5-5. the curve model for description of aage daily profile
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Table 5-1. Parameters of lighting curve model fog &bove 4 cases

Parameter Hokuriku D6 | Kansai D7 | Hokkaido D6 | Hokkaido A3
Waking-up time 5:30 5:00 7:00 7:00
Morning peak 0.19 0.40 0.05 0.25
Morning peak duration (h 0 0 0 1
Morning peak time 7:30 7:00 8:00 8:30
Daytime level 0.06 0.14 0.05 0.09
Lunch time N/A N/A N/A 12:00
Noon peak N/A N/A N/A 0.12
Noon peak time N/A N/A N/A 12:30
Returning time 15:00 17:00 16:00 17:00
Night peak 0.55 0.60 0.71 0.39
Night peak duration (h) 3.5 0.5 0.5 0
Night peak time 22:00 22:15 21:15 18:15
Sleeping time 0:30 1:00 1:00 22:00
Night level 0.1 0.16 0.05 0.05

The verification of the curve model was taken.dh de seen from Figure 5-6 that the derived profile
from the curve model fits well with the measuredfipe. Table 5-2 and Figure 5-7 compare the
simulated and measured equivalent operating howtslaily electricity usage and they matched well.
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Figure 5-6. Derived profiles from lighting curve ded

Table 5-2. Equivalent operating hours & daily engrgage

Parameter Hokuriku D6 | Kansai D7 | Hokkaido D6 | Hokkaido A3
Area () 176.37 125 128 99
Lighting Density (W/m) 1.73 3.5 1.70 4.19
. Simulated 457 6.22 4.34 2.82
Operating hours (hd) Fo = red 4.72 6.02 4.08 247
. Simulated 1.39 2.72 0.94 1.17
Electricity use (kWh/d)-) - cired 1.44 2.63 0.89 1.03
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Figure 5-7. Simulated and Measured electricity use
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6. Household appliances

6.1 Literature review

Models of residential appliance electricity constimp have been developed in Ref. [13], where data
from two Danish cities, an island, and two measu@mprojects are used to create profiles for nedati
consumptions.

The electricity consumption profiles are shown thahd Figure33, where groupings of “workdays”
and “not workdays” are conducted. This was a resfilan investigation made on 4 houses from
Energiparcel in Tilst (energy renovated houses)3ahduses in Skibet in Vejle (passive houses).

Workdays
9,00

8,00
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6,00

5,00
——jan+dec

~——feb+mar+oct+nov
4,00
/ apr+may+aug+sep

—jun+jul

Relative consumption

3,00

2,00

1,00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 6-1: Relative electrical energy consumptitay-profiles for “workdays” divided into four
seasons. See Ref. [13].

The profiles show that electricity is used the tdamm 0 to 6 am and use is somewhat stable fraom 8
16 (working hours). From hours 16 to 18, a sigatficincrease in consumption is visible, which is
believed to be a result of people coming home fieank and starting to make dinner. The daily
pattern does not seem to deviate much betweenrssasoactual electrical energy consumption does,
(see Figure 6-2).

For the “not workdays”, the same tendencies areervlesl. From around hour 6, an increase in
consumption is visible and is again visible at ht@r During midday, the level of consumption is
higher, which results in a lower peak value at dimtime in the evening.

88



Not workdays

9,00

8,00

7,00

6,00
3
8
a
E 500
@ ——jan+dec
13
8 —feb+mar+oct+nov
g 4,00
£ apr+may+aug+sep
E —— jun+jul

2,00

1,00

0,00
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 6-2: Relative electricity consumption dawfiles for “not workdays” divided into four seasons
See Ref. [13].

6.2 Case study and results

In this project, we investigated a Chinese famdy & whole year and found the differences between
individuals. Take two TV sets in bedroom 1 and miabedroom for example. Figure 6-3 shows the
measured real-time electric power and the dailedale of the two TV sets. It can be seen that TV in
the bedroom 1 is more often used than that in mast@room.
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Figure 6-3. Measured electric power and daily salledf two TV sets

89



According to the measurement, the usage of theltwsets can be named as “Scheduled Pattern” and
“Random Pattern”. For scheduled pattern, the ugagbability of TV set at each moment can be
represented by a scheduled profile while it carfootthe random pattern. The average daily usage
profile is summarized in Figure 6-4.
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Figure 6-4. Schedule pattern of TV

For the scheduled pattern of using home appliafites TV, computer, rice cooker, etc.), a schedule
table can be used as follows:

Object of behavior. Schedule- Set Value.

TV | e
- [oliTaT s[4l sTel 7lel aliol11T12l1al14[15[16[17]16[19[20]21]22]23].. On/ Off:

Example: An office worker turns on a TV after work; it’s about 7:00 pm. When he goes to sleep at
11:00 pm, turn it off.-

For the random pattern of using home applianceandom description (like usage frequency, usage
duration, etc.) needs be used as follows:

Object of )
behavior- Frequency: Duration.
Washer- 2 times/week- 1 s v

Example: Householder washes 2 times every week. each time lasts about 1 hour.-

For more details, please see Ref. [14].
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7. Summary and Conclusions

The energy use of residential building has beeadihg great attentions due to its significaneriol
total building energy consumption worldwide nowaslayThe influencing factors of energy
consumption in residential buildings were gradualbrified by researchers in recent years. Generall
speaking, those factors can be summarized intcategories, including six factors:

* Physical factor, including Climate (e.g. outdoortéemt temperature, humidity, solar radiation,
etc.), Envelope (e.g. structure, K-value, etc.) @adhnical system (e.g. lighting, office device,
service system, especially HVAC system, etc.)

* Human factor, including Set point (e.g. indoor cohttemperature, carbon dioxide
concentration, fresh air volume, etc.), Operaties.(on-off schedule of central systems, etc.)
and Occupant behavior (e.g. switch on-off of lightgxdow opening, etc.)

The present case studies were more focusing olattiee three factors, especially the related ocotipa
behavior in the residential building. These studiended to solve two kinds of problems. Firstty,
improve building energy prediction models, so agit@ more accurate results. Secondly, to optimize
building control logic and system choice, in order minimize energy consumption. They have
combined methods of field measurement, questioansirvey and simulation, concentrated on
quantizing occupant behavior in residential buidiand tried to set up connection between
environmental parameters.

The main purpose of this report is to review thg kteratures relating to the impact of occupant
behaviour on energy consumption and the key firgliof the Subtask B1 of ANNEX 53 by
contributors. The energy use of occupants in resiglebuildings has been focused on the following
categories: heating, cooling, lighting and homeliappes. For those residential energy use categorie
the relevant types of occupant behavior have besusked. The results show that there are obvious
individual differences on occupant behaviors anffedint patterns of occupant behavior have
significant impact on residential building energeu

However, it still need better model to understamd aescribe the difference and uncertainty of
occupant behavior patterns. This topic is furthecussed in the Task Force report “Total energy use
in residential buildings — the modeling and simiolatof occupant behavior” that would help for
future research.
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1. Survey Questionnaire for Occupant Behavior in Offie Building

Building Code

Dear Sir/Madam,

This survey in progress is about the relationsleipveen occupant behavior and energy consumption
in office building. We are appreciated if you carsaer our certain questions for our analysis.

This is an anonymous and zero-risk survey. Weneller reveal your information to others, follow
the rules of Statistics Act.

Please follow the rules below when answering:

1) Put a check mark before the proper choices (€\g.

2) Fill the blanks with appropriate answers;

3) Draw a line on the time ruler according to your kg schedule, e.g.

4) Draw a line on the scale by your own choice, e.g.

Never / Often Frequent
1 2 3 4 5

Best wishes!
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Part A: Basic Information

1. Your genderoMale oFemale
2. Your age:n<20020-30 031-40 041-50 051-60 o0>60
3. Your position:

oManagemResearch & DevelopmentSalessHR oSecretaryaResearchenOthers
4. Your office type:

oLarge open space2~6 person shared roomSingle roomoOthers

Part B: Working schedule
A - Weekday

5. Your weekday isuMonday oTuesdayoWednesdayaThursday oFriday oSaturdayoSunday

6. When you usuallyrrive at your officein the morning?

7. Do you usually stay at the office for your luneh?es oNo
Jump over Topic 8 if you choose ‘Yes'’
8. When do you usually leave your office at noon?

11. In the weekday, do you often work overtime in theréng?

Never Often Extremely frequent
1 2 3 4 5

12. When you work overtime in the eveningyou usuallyget off work at:

SSRGS NS NSO | USRS | NS, SN SN SN, SO JSUNON | OO o MU Ty NUSUN, § S, 7 2

B. Weekend
13. Do you usually work overtime at the weekemnd/2zs oNo
Jump over Topic 14-20 if you choose ‘N0’
14. When do you usually work overtime at the weekend:
oMonday oTuesdayoWednesdayoThursday oFriday oSaturdayoSunday
15. Do you often work overtime at the weekend?
Never Often Extremely frequent
1---m-- 2-------- 3---m---- 4---em--- 5

16. At the weekend, when do you usuadlyive at your officein the morning?

23

24

SRR S MU NSO NS P | MU, SO, ; NS | Y MU | SIS WU - MU T, MU, § (S5 7 SO X S_— y, S

17. At the weekend, do you usually stay at the offmeyour lunchzYes oNo
Jump over Topic 18 if you choose ‘Yes’
18. At the weekend, when do you usually leave yourcefit noon?

SR S MU NSO | NS | PSS | MOUNS, SO, ; NS | Y MU | SIS W - MU T, NS, § (S, 7 SO X S y, S

19. At the weekend, when do you usuadlyive at your office (or begin to workafter lunch?
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Part C: Small Power Equipment Using

A. Lighting

21. The lighting equipment you wusing includesoDesk lamp oCeiling  light
oOthers

22. Your working face usually usesNature lighting oCeiling light oDesk lamp

23. Can you control ceiling lights?Yes oNo

24. Who usually switches on your ceiling lights?
oMyself oColleagueaSecretaryoCleaneroAuto-control ocUnknown
25. When does ceiling light usually open?
Sy - S SR, 1) ST IS I < SR, S - S, - S, Iy (R K R: - SRR R N IR S 2 M, B

26. When does ceiling light usually closed?
- T~ WA 4 S | IS, 1/ S Fc R SO [ [ I AU SR [« SRS SR B I SR X S L. B

27. When does your desk lamp usually open?
SRR, NSRS N g USRS, N ONUNS, HA  NS, Y US|y ASSS F: MU o NS 1 NS, § [N 7 MU, X S5 Y, B

28. How frequent do youswitch onyour ceiling lights and desk langm work?

Switch on ceiling lights Switch on desk lamp

Never Often Extremely frequent Never Often Extremely frequent
1 2 3 4 5 1 2 3 4 5

29. How frequent do youswitch off your ceiling lights and desk langsf work ?

Switch off ceiling lights Switch off desk lamp

Never Often Extremely frequent Never Often Extremely frequent
1 2 3 4 5 1 2 3 4 5

30. If you do not switch off ceiling lights sometis the possible reasons are:
oCertain people will switch offoOthers is still working.oForget
oSwitcher is not convenient.oUnknown oOthers

B. Small power equipment

31. Your personal office equipment includes:

oLaptop: (number) oComputer: (no.) oPrinter: (no.)
oLCD monitor>20’: (no.) oCRT monitor: (no.) oFax machine: (no.)
oL.CD monitor 14-20": (no.) oOthers(hame/no.):

32. Your common office equipment includes:

oPrinter/copier: (number) oPCl/server: (no.) oFax machine: (no.)
aoDrinking machine (no.) oCoffee machine: o Others
(no.) (name/no.)
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33. The frequency of your PC, laptop or monitortshg down or standing by when the certain events
happening is:

PC (or laptop) Monitor of PC
Always Always | Always Always
shut down Half-half stand by | shut down Half-half stand by
a) Off work 1 2 3 4 5 6 711 2 3 4 5 6 7
b) Lunch/dinner | 1 2 3 4 5 6 701 2 3 4 5 6 7
c) Meeting 1 2 3 4 5 6 711 2 3 4 5 6 7
d) Noon break 1 2 3 4 5 6 701 2 3 4 5 6 7

34. The frequency of using the following commonipment is:

o Common printer/copier: times/day Drinking machine: ___times/day
35. If you do not shut off your computers sometintks possible reasons are:

oNeed remote controbWorking requirementaOthers don’t shut down.

oMy habit oUnknown oOthers
C. Windows and shades

36. Are you closed to external windowYes oNo

37. Does your external window have curtain/shané®s oNo
Jump over Topic 38-39 if you choose ‘N0’

38. The frequency of pulling down the curtain is:

Never Often Extremely frequent
1 2 3 4 5

39. The possible reasons you pull down the cueeen
oSun scorchingaSun dazzlingoScreen glaringoPrevent temperature rising
oOthers

40. If the room changes dark, you will choose iiopr

oPull open shade/curtainSwitch on desk lammSwitch on ceiling light

The survey is finished. Thanks for your great suppg!
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2. Survey Questionnaire for Occupant Behavior in Residntial Building

1. Household energy consumption information

Required Information is as follows: 1) electricfge per year, and per month in winter (from Nov. to
Feb.), in summer (from Jun. to Sep.), in spring aotbmn; 2) gas fee per year, and per month in
winter, in summer, in spring and autumn. If paymeatds or bills are available, please fill in

additionally.

1) In your family, annual electricity fee is about __ yuan/year.
In winter about yuan/year, in summer about __ yuan/year, in spring and autumn
about yuan/year.
In your family, annual gas fee is about VY8 .
In winter about yuan/year, in summer about __ yuan/year, in spring and autumn
about yuan/year.

2. Occupant behaviors and Lifestyle

a. Air conditioning equipment and using mode

2) Is there a humidifier in your home?
oYes, and used every dayiYes, but used occasionally oYes, but never usedaoNo
3) Which air conditioning equipment is used in winberyour home? (Multiple, please fill in the

number)

Central air conditioning system

oDistrict heating oHousehold central air conditioning
oFloor heating with air source heat pump oFloor heating with electricity
oFloor heating with gas oWall-mounted gas boiler

Split air conditioner
oWall-mounted or package air conditioner, the nuniber
Local electric heating equipment

oOil heater or electric heater, number: _ oWarm air blower, number:
oElectric foot warmer, number: __ oElectric warm pack, number:
oElectric blanket, number: oother equipment, number:
4) When heating starts in your home (any equipmensesl)? (Early, Mid, Late) (month)
5) When heating ends in your home (no equipment id)@s@arly, Mid, Late) (month)

If air conditioning equipment (central or split @ionditioning system) is uniformly controlled (with
only one switch), please answer Questions 6~7 rwitke please skip to Question 8.
6) How do you use the heating equipment? (Single)

oAlways on in winter (never switched off until wimtgasses)

oRarely used

oAt fixed time every day: Switchonat ____, for __hour(s)

oSwitch on when there is an occupant, and off whenatupant

oSwitch on only feeling cold, and off when no ocauipa
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oOther

7) How do you adjust the set point? (Single)
« oFixed set point, always __ degree
» oSet to the highest point when switched on, anddomn to __ degree when feeling hot
e opSetto  degree when switched on, and turn to degree when sleeping
e npSetto  degree when there is an occupantuandd _ degree when no occupant
e 0Other

If air conditioning equipment (central or split @onditioning system) is separately controlled apte

answer Questions 8~11, otherwise please skip.

8) How do you use the air conditioning equipment whikeying in rooms as follows? (Single)

8.1 Living room

8.2 Bedroom

oAlways on in winter

oRarely used

oAt fixed time every day:
Switchonat____, for

oOther

____ hour(s)

oAlways on in winter

oRarely used

oAt fixed time every day:
Switchonat___ ,for___

oOther

hour(s)

If you choose “Other” in Question 8, please ans@eestions 9~11, otherwise please skip to Question

12.

9) In which case do you switch on the air conditiongggipment while staying in rooms as follows?

(Multiple)

9.1 Living room

9.2 Bedroom

oAlways on as long as there is an occupant
oOn when feeling cold

oOn when there is a guest

oOther:

oAlways on as long as there is an occupant
oOn when feeling cold

oOn when there is a guest

oOther:

10) In which case do you switch off the air conditianiequipment while staying in rooms as follows?

(Multiple)

10.1 Living room

10.2 Bedroom

oOff when leaving

oOff when sleeping at night

oOn for a while, and off when the temperature
appropriate

oOff at fixed time

oOther:

oOff when leaving

oOff when sleeping at night

isOn for a while, and off when the temperature is
appropriate

oOff at fixed time

oOther:
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11) How do you adjust the set point while staying ion® as follows? (Single)

11.1 Living room

11.2 Bedroom

oFixed set point, always ____ degree

oSet to the highest point when switched on, af
turn downto __ degree when feeling hot

oSetto  degree when switched on, and tu
to___ degree when sleeping

oOther:

oFixed set point, always ___ degree
ncbSet to the highest point when switched on, and
turn downto _ degree when feeling hot
IrnSetto  degree when switched on, and turn
to___ degree when sleeping
oOther:

b. Windows opening behavior

12) Which is your habit of opening window? (Single)

12.1 Living room

12.2 Bedroom

oAlways open (fully/partly open)
oAlways closed
oOpen at fixed time:
Open at_____ (fully/partly open)
Closed after ___ hour(s) (fully/with a crack)
oOther

oAlways open (fully open/partly open)
oAlways closed
oOpen at fixed time:

Openat ____ (fully/partly open)

Closed after ___ hour(s) (fully/with a crack)
oOther

If you choose “Other” in Question 12, please an

Ppeestions 13~14, otherwise skip to Question 15.

13) In which case and how do you open the win

dow wétdeying in rooms as follows? (Multiple)

13.1 Living room

13.2 Bedroom

oAlways open as long as in the room
(fully/partly open)

owhen getting up (fully/partly open)

owhen leaving home (fully/partly open)

owhen smelly or stuffy (fully/partly open)

owhen feeling hot (fully/partly open)

owhen bright or warm outdoors (fully/partly
open)

oOther

oAlways open as long as in the room
(fully/partly open)

owhen getting up (fully/partly open)

owhen leaving home (fully/partly open)

owhen smelly or stuffy (fully/partly open)

owhen feeling hot (fully/partly open)

owhen bright or warm outdoors (fully/partly
open)

oOther

14) In which case do you close the window whil

e staymgpoms as follows? (Multiple)

14.2 Bedroom

14.1 Living room

10
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oAlways closed as long as in the room
(fully/with a crack)

owhen leaving home (fully/with a crack)

owhen sleeping (fully/with a crack)

oAfter opening for some time (fully/with
crack)

owhen feeling cold (fully/with a crack)

owhen using air conditioning equipment
(fully/with a crack)

owhen noisy outdoors (fully/with a crack)

owhen bad outdoor condition, e.g. windy and
rainy (fully/with a crack)

oOther

oAlways closed as long as in the room
(fully/with a crack)

owhen leaving home (fully/with a crack)

owhen sleeping (fully/with a crack)

acAfter opening for some time (fully/with a

crack)

owhen feeling cold (fully/with a crack)

owhen using air conditioning equipment
(fully/with a crack)

owhen noisy outdoors (fully/with a crack)

owhen bad outdoor condition, e.g. windy and
rainy (fully/with a crack)

oOther

c. Lighting

15) Are there any energy saving lamps in your home?
oYes, all are energy savingYes, some are energy savimgNo
16) In which case do you switch on the lamp while sigyin rooms as follows? (Single)

16.1 Living room

16.2 Bedroom

oAlways switch on as long as entering the roo
owhen too dark
oOther

moAlways switch on as long as entering the room
owhen too dark
oOther

17) In which case do you switch off the lamp while stgyin rooms as follows? (Multiple)

17.1 Living room

17.2 Bedroom

oWhen leaving the room

oWhen sleeping

oWhen bright enough during daytime
oWhen watching TV or movie
oOther:

oWhen leaving the room

oWhen sleeping

oWhen bright enough during daytime
oWhen watching TV or movie
oOther:

d. Curtain

18) Are there curtains in your home?
oYes oNo (Please skip to Question 33)
19) Which is your habit of opening curtains?
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19.1 Living room

19.2 Bedroom

oAlways open (fully/partly open)

oAlways closed

oOpen at fixed time:
Openat____ (fully/partly open)
Closeat

oOther:

oAlways open (fully/partly open)

oAlways closed

oOpen at fixed time:
Openat____ (fully/partly open)
Closeat

oOther:

If you choose “Other” in Question 19, please ansieestions 20~21, otherwise skip to the end of the

questionnaire.

20) In which case do you open the curtain while stayingoms as follows? (Multiple)

20.1 Living room

20.2 Bedroom

oWhen getting up (fully/partly open)

oWhen leaving home (fully/partly open)

oAs long as entering the room (fully/partly ope
oToo dark during daytime (fully/partly open)
oWhen opening the window (fully/partly open)
oOther: (fully/partly open

oWhen getting up (fully/partly open)
oWhen leaving home (fully/partly open)

npAs long as entering the room (fully/partly open)
oToo dark during daytime (fully/partly open)
oWhen opening the window (fully/partly open)
oOther: (fully/partly open)

21) In which case do you close the curtain while

stgyinrooms as follows? (Multiple)

21.1 Living room

21.2 Bedroom

oWhen back home

oWhen leaving home

oWhen sleeping

oWhen sunshine is too strong
oWhen feeling cold during night
oWhen closing the window
oWhen watching TV or movie
oOther:

oWhen back home

oWhen leaving home

oWhen sleeping

oWhen sunshine is too strong
oWhen feeling cold during night
oWhen closing the window
oWhen watching TV or movie
oOther:

The survey is finished. Thanks for your great suppg!
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The ultimate outcome of Annex 53
is befter understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and techniques.
For that this annex pursues to study

how the occupant behaviors
influence building energy
consumption on this base, and

hence fo bring the occupants

behaviors into the building energy

field so as to conduct the building

energy works (research, practice,

policy, etc) more closed with the

real world.

The deliverables of Subtask B is:

® Demonstration of case studies
of energy use by end use in

buildings

® Demonstration of measurement
and data acquisition
technologies for long term

monitoring (On-line Database)

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and
Evaluation Methods ==

Case Information 80

In the Melk, Austria, HDD is 6112 and CDD is 341 year round

based on 65 Deg.F.

The building locates at the Melk, where 78 km far away
from Vienna. The gross heated area of the building is 4 939
m?2. The gross heated volume is 18,099 m® including offices,
meeting rooms, and secondary rooms. The office building
is occupied by 129 employees. The simulation model is
shown in the following photo.

ACKNOWLEDGMENT

All of the information and data is provided by the Institute
for Building Construction and Technology, Research Centre
of Building Physics and Sound Protection
University of Technology.
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80 Occupant Behavior

The occupancy density was determined by
interviewing all the officeworkers.

The mean presence probability of the office
building in Melk is about 30 %, seen in the right
figure. This is a result of the high number of part-
fime employees.

Occupancy in %

Subtask B- Case Study
Large-scaled office building in AUSTRIA
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The ultimate outcome of Annex 53 is
better understanding and
strengthening the knowledge for
robust prediction of ftfofal energy
usage in buildings, thus enabling the
assessment of energy-saving
measures, policies and techniques.
For that this annex pursues fo study

how  the occupant behavior
influence building energ
consumption on this base, and henc
to bring the occupants behaviors int
the building energy field so as f«

conduct the building energy work .
(research, practice, policy, etc) more

closed with the real world.
The deliverables of Subtask B is:

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and
Evaluation Methods ___

Flize lamssmsn nsmssi ===

® Demonstration of case studies of

energy use by end use in

buildings

® Demonstration of measurement

O
Case Information oo

and data Rl UDlilelg. WEATHER |

technologies for long termBelgium has a temperate maritime climate influenced by

monitoring (On-line Database)

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology
BELGIUM University of Liege
CHINA  Tsinghua University
Swire Properties Ltd.
FRANCE Insa de Lyon
ITALY Politecnico di Torino
JAPAN Tohoku University
Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of
Science and Technology

the North Sea and Aflantic Ocean, with cool summers
and moderate winters. In Brussels, Belgium, HDD is 3148
and CDD is 180 year round based on an indoor
temperature of 18 Deg.C.

The building (DM 28) comprises 10 storeys above ground
and 3 underground, with a conditioned area of 11277m2
each floor. Its HVAC system comprises heating plant (3
gas boilers), cooling plant (2 water cooled chillers and
their respective cooling towers), ventilation system (9
AHUs for different purposes), terminal units (FCUs) and 2
air heaters located in parking spaces.

ACKNOWLEDGMENT

All of the information and data is provided by the
Thermodynamics Laboratory in the University of Liege.

Subtask B- Case Study

Large-scaled office building in BELGIUM

ELECTRICITY

80 Enel‘gy Consumptlon [UNIT: kWhe]
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O
OO Occupant Behavior

The hourly profile of whole building electricity consumption (showed
below) is used to evaluate the global building occupancy. There are two
periods (6h to 22h for weekdays and 10h to 19h for weekends/holidays),
which correspond to a “switch-on allowance period” defined by BEMS
system where lighting fixtures manually operated can be switched ON or
OFF. In DM 28, working day starts from 8:00 tol 18:00 during the weekdays. It
can be observed that the profile has sort of symmetry during all the
working day and is centered at 13h (lunch time).
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The ultimate outcome of Annex 53 is
and
strengthening the knowledge for robust
prediction of total energy usage in
buildings, thus enabling the assessment
policies
For that this annex
pursues to study how the occupant
behaviors influence building energy
consumption on this base, and hence
to bring the occupants behaviors infc
the building energy field so as fc
conduct the building energy work:
(research, practice, policy, etc) more = ]

better understanding

of energy-saving measures,
and techniques.

closed with the real world.
The deliverables of Subtask B is:

® Demonstration of case studies o

energy use by end use in buildings
measurement
and data acquisition technologies
for long term monitoring (On-line

® Demonstration of

Database)

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology

BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,

NORWAY Norwegian University of
Science and Technology

Oo Occupant Behavio

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy Use
in Buildings

-Analysis and Evaluation
MathAaAde

Rkl
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Case Information OO

Hong Kong is a humid subtropical climate. The heatfing degree days
(65F) is around 193, and cooling degree days (65F) is approximately
3717 year round.

One Island East is a supertall skyscraper that is located in TaiKoo Place
on Island East, Hong Kong. The skyscraper is a commercial office
building, completed on March 2008, rises 298.35 (979 ft) and has 69
stories of habitable office space and two basement levels. There is a sky
lobby on the 37th and 38th floors. In addition, there are 28 high speed
passenger lifts, 6 high speed shuttle lifts between Main (G-1F) and Sky
(37-38/F) Lobbies, 1 passenger lift between main lobby and basement
carpark and 2 service lifts.

All of the case building information is provided by Swire Properties Ltd.,
Hong Kong. Sincerely thanks for the supporting of the Technical Service
& Sus’romoblll’ry Department.

Two representative offices in this large-scaled office building have been chosen to pursue the
qguestionnaire survey. This two offices take up two floors, serves o the same company. The Gross Floor
Area of two office is 3830 sgm with 210 employees. The percentage of valid questionnaire is 76%. The
following charts show the occupancy and lights open percentage during the typical weekday.
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The building is the éth skyscraper over 1,000 ft. (305
m) completed in Hong Kong. Part of the site was
previously occupied by Melbourne
Building (23 floor office tower demolished 2005)
and Aik San Factory Building (22 floor commercial
building demolished 2005) which were acquired by
the developer in 2002 and 2001 respectively.

Subtask B- Case Study
Large-scaled office building
in CHINA
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The Dbuilding consumes 22.5
million kWh electricity annually
(not including the electricity use
of tenant). The breakdown of
major devices is shown in the
right figure (unit: million kWhe).
The annual total  cooling
consumption is approximately
42,687 MWh, equals to 302.7
kWhc/(m2.a).

Carpark
Ventilation
4.0
3%
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The ultimate outcome of Annex 53 is better
understanding and strengthening the knowledge
for robust prediction of total energy usage in
buildings, thus enabling the assessment of energy-
saving measures, policies and techniques. For that
this annex pursues to study how the occupant
behaviors influence building energy consumption
on this base, and hence to bring the occupants

behaviors info the building energy field so as To“:f

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings

conduct the building energy works

practice, policy, etc) more closed with the rea

world.

The deliverables of Subtask B is:
°

end use in buildings
®

monitoring (On-line Database)

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN  Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

O,
OO Occupant Behavior

Demonstration of case studies of energy use by

Demonstration of measurement and data
acquisition technologies for long term

(research - -Analysis and Evaluation

Methods

Case Information 80

WEATHER

The building is located at Livorno Ferraris (Vercelli), Italy, where HDD is
2549. For standard typical meteorological year, the maximum dry bulb
temperature is 31.0 °C and minimum dry bulb temperature is -7.0 °C.

The case building (Palazzo Ciocca) has & floors in total (3 floors over
ground, 1 floor underground and 1 attic). Its gross floor area is 1096 m?2
and net floor area is 756 m2, Height of the building is 15.5m.

All of the information and data is provided by the TEBE Research
Group, Department of Energetics, Politecnico di Torino.

label Occupancy profile Equipment
1 person from Monday to
B e W o Y s A | Friday. Hours: 8 am to 2 1 pc and 1 printer
pm and 3 pm to 6 pm
2 persons from Monday 2 personal computers
B |to Friday. Hours: 8 am to 2 P . P
and 2 printers
pm and 3 pm o 6 pm
C | Occasionally occupancy | 2 printers
F D | Occasionally occupancy
| | E D c B
Rl 2 persons from Monday
:[ E | to Friday. Hours: 8 am o 2 grﬁ)sr;or;iilfce:gmpu’rers
— = = = = e pm and 3 pm o 6 pm P
1 fridge, 1 microwave
= oven, 1 automatic coffee
- F . ;
dispenser, electric hot
> o water boiler
m ne " 0 ) 1 person from Monday to
8 —?_h? %— =l geemin G | Friday. Hours: 8 am to 2
J,Erl r l T pm and 3 pm to 6 pm
: : : H | Occasionally occupancy
B o o = o

Subtask B- Case Study
Small-scaled office building in ITALY
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The ultimate outcome of Annex 53 is
better understanding and
strengthening the knowledge for robust
prediction of total energy usage in
buildings, thus enabling the assessment
of energy-saving measures, policies
and techniques. For that this annex
pursues to study how the occupant A \
behaviors influence building energy ¢
consumption on this base, and hence :
fo bring the occupants behaviors intc
the building energy field so as ftc
conduct the building energy work:
(research, practice, policy, etc) more
closed with the real world.
The deliverables of Subtask B is:
® Demonstration of case studies of
energy use by end use in buildings

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and
Evaluation Methods ===

® Demonstration of measurement f . Oo
and data acquisition technologies Case Information o
for long term monitoring (On-line
Database]

STB CASE CONTRIBUTOR Two case office buildings are located at Shimada City

AUSTRIA Vienna University of Technology (Office A) and Suzuka City (Office B), both of which are

BELGIUM University of Liége in the Central Japan with a Mild Climate.

CHINA  Tsinghua University

Swire Properties Ltd. Both of the two buildings have 4 stories above ground,

FRANCE  Insa de Lyon with a total floor area of 2734m? (Office A) and 3695m?

TALY Politecnico di Torino (Office B). Office rooms are on the 1st floor to 3rd floor,

JAPAN Tohoku University while meetfing rooms and control room are on the 4th

Chubu Electric Power Co.. Inc. floor. The numbers of employees are 87 (Office A) and

NORWAY Norwegian University of 118 (Office B).
Science and Technology ‘ '
All of the information and data is provided by Chubu

Electric Power Co.,Inc.

O,
Oo Occupant Behavior

The presence schedule of weekdays and weekends for the case buildings (Office A
and Office B) is aiven in the figures below.

Office A Office B
10:) 1CO i i i i H
g0 - 50 it S
e - 1K
o o =
Sogn Lo o7 Weekdays @
% 50 Weekend '\ =
T 40 [ - - 2
{ 20 I - A R
10 + L
: AL vy .
000 4100 800 12:00 16:00 2000 (83008 4:00 00 1200 1600 20,00

80 Energy Consumption

Total electrical energy
consumption of these
two case buildings
from year 2004 to 2006,
and monthly
breakdown of
electrical energy
consumption by major
devices are shown in
the following figures.

40000

35000

30000

25000

20000

15000

10000

Monthly Electrical Energy Consumption [kWh]

5000

M Ice thermal storage HVAC system

Subtask B- Case Study
Small-scaled office building in JAPAN

outdoor unit M Ice thermal storage HVAC system indoor unit Office A

40000 —mrVentitation{Total-Heat Exchanger)
M Lightings
35000

wHumidifier
M OA socket

30000

25000

20000

15000

10000

Monthly Electrical Energy Consumption [kWh]

5000

0

Office B

W Ice thermal storage HVAC system outdoor unit

| W Ice thermal storage HVAC system indoor unit

m Ventilation

m Humidifier [Electrode steam type]
m Lightings
| OA socket

msmmnes  coRBRFenl

Totd energy consunption

Year kWh/year
Office A Office B

2004 285,543 358,271

2005 348,925 393,654

2006 451,328 392,489

Office B
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The ultimate outcome of Annex 53
is befter understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and techniques.
For that this annex pursues to study
how the occupant behaviors
influence building energy
consumption on this base, and
hence fto bring the occupants
behaviors into the building energy
field so as to conduct the building
energy works (research, practice,
policy, etc) more closed with the
real world.
The deliverables of Subtask B is:
® Demonstration of case studies
of energy use by end use in
buildings
® Demonstration of
measurement and data
acquisition fechnologies for
long term monitoring (On-line
Database)

International Energy Agency
Energy Conservation in

Systems Programme

- ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

WEATHER

Sendai is cold and snowy in winter, while hot and humid
in summer. Minimum and maximum temperatures are
1.5 Deg.C. in January and 24.1 Deg.C. in August.

The case building is a three-storey office building which
covers a floor area of 4090 m2. The office building is
constructed in wood with the purpose to reduce the
CO2 emissions. High quality air-conditioners with COP
value over 5.0 are installed for heating and cooling,

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd. while mechanical venfilation system with air change
FRANCE Insa de Lyon rate of 0.5 times per hour is used for ventilating.
ITALY  Politecnico di Torino
JAPAN  Tohoku University All of the information and data is provided by Tohoku
Chubu Electric Power Co., Inc., University.

NORWAY Norwegian University of
Science and Technology

100% 100%

v

50% 50%

80 Occupant Behavior

8 8:30 13 1830 20

There are 20 workers in fotal, and all of them can take two days off in one week. One day is
on Sunday, and for the other day, half of them take Wednesday, while the other half of them
take Safurday. The presence schedule in one day is showed in the left figure. Although the
business hour starts at 2:00am, 100% of the workers come to the office around 8:30am. The
workers take a one-hour lunch break, and thus the percentage at 1:000m was assumed as
50%. The business hour finishes at 6:00, but some work until 8:00pm. The air-conditioners are
operated from 8:00am to 18:00Pm.

Buildings and Community

Case Information 80

The monthly energy
consumption by different
end-users of the case
building is shown in the
right figure. Energy
consumption increased
during the heating (from
November till the end of
April next year) and
cooling period (August
and September).

80 Energy Consumption

Subtask B- Case Study
Small-scaled office building in JAPAN

:E\IOO M cooling
= 80 -l heating
=
% 60 - - lighting
= 4
5 40 L 0A
§ J)J0n B BN W W5 EN BN TE B SE Sm EE O Gm Gm Em Em = <1 machines
> | | m H N = =m = " - momog m = — = Mventlation
& ~
B 0 T T T T T T T T T T T T T T T T h
= = o o ¥ > 0 g2 O = = > g = & @ 2 > o others
5 = =
2283285832552 2523%32
2006 2007

The following figure shows the annual energy consumption in this office building, with the comparison to the statistical
data of 2005 and 2007. The convector coefficient of electricity consumption to primary energy consumption was
10.25MJ/kWh. Lighting, the largest energy user, accounted for about 43% of the total electricity consumption and it was
followed by OA (Office Appliance) machines which accounted for 25%. Annual heating and cooling electricity
consumption accounted for 12% and 2% of the total electricity consumption, respectively. Annual energy consumption of
the measured office building (921 MJ/m2.year) was 47% lower than the statistical data (1739 MJ/m2.year).
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The ultimate outcome of Annex 53 is
better understanding and strengthening
the knowledge for robust prediction of

total
enabling the assessment of
saving measures, policies

stfudy how the occupant

on this base, and hence to bring the

occupants behaviors info the building

energy field so as to conduct the building

energy works (research, practice, policy,

etc) more closed with the real world.

The deliverables of Subtask B is:

® Demonstration of case studies of
energy use by end use in buildings

® Demonstration of measurement and
data acquisition technologies for
long term monitoring (On-line
Database)

STB CASE CONTRIBUTOR

AUSTRIA Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

energy usage in buildings, thus
energy-

and
techniques. For that this annex pursues to
behaviors
influence building energy consumption

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

O
Case Information OO

WEATHER

In Norway, CDD is not an actual parameter. HDD is 4856
of year 2010. HDD was calculated for the base indoor
temperature of 17°C.

The case is an office building in Stavanger. There are 5
floors and basement. The Gross Floor Area is 19,623 mz2.
Height of the building is 15 m assumed according to the
number of floors.

All the information and data is provided by Energy and
Process Engineering of Norwegian University of Science
and Technology.

Subtask B- Case Study
Large-scaled office building in NORWAY

Energy Consumption

120

= E — = — W Hot tap water
% 200 500 E = E = = : E = E B Space heating and ventilation
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= = EEEEEEEEEEE=E v
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A
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== EEE-
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Et Technical systems Eb  Building energy use
' O

Electricity .
YR TSARIT Occupant Behavior (@

o ‘ 2188 961 kWhe

_185 619 kWhe

B0
155 229 kWhe 70
72 257 kWhe

3

T

3

]
=]

424 590 kwhh

Supply fan input signal (%)
S

]
[=]

[
(=]

86 963 kWhh

00:00 06:00 12:00

Time

18:00 00:00

The building was design for 1200 occupants. In general, there are 1000 occupants every day
in the building. This office building is rented to one company. Most of the employees are
engineers, researchers, and administration. Since the installed ventilation system is VAV, the
presence schedule can be assumed based on the fan input signal. This assumed occupancy

schedule based on the fan input signal is given in the left Figure.
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The ultimate outcome of Annex 53 is
better understanding and
strengthening the knowledge for robust
prediction of fotal energy usage in
buildings, thus enabling the assessment
of energy-saving measures, policies
and techniques. For that this annex
pursues to study how the occupant
behaviors influence building energy
consumption on this base, and henc
to bring the occupants behaviors int
the building energy field so as t
conduct the building energy work
(research, practice, policy, etc) mor
closed with the real world.
The deliverables of Subtask B is:
® Demonstration of case studies of
energy use by end use in buildings
® Demonstration of measurement
and data acquisition technologies
for long ferm monitoring (On-line
Database)

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

" ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

Case Information 80

WEATHER

In Norway, CDD is not an actual parameter. HDD is 4856 of
year 2010. HDD was calculated for the base indoor
temperature of 17°C.

STB CASE CONTRIBUTOR
AUSTRIA Vienna University of Technology
BELGIUM University of Liege
CHINA  Tsinghua University
Swire Properties Ltd.
FRANCE Insa de Lyon
ITALY Politecnico di Torino
JAPAN Tohoku University

The case is an office building in Professor Brochs gate 2.
Height of the building is 21 m (the front block) and 14 m
(the back block). The Gross Floor Area and conditioned

Chubu Electric Power Co., Inc., building both are 16,200 m?

All the information and data is provided by Energy and
Process Engineering of Norwegian University of Science
and Technology.

NORWAY Norwegian University of
Science and Technology

80 Energy Consumption

Subtask B- Case Study
Large-scaled office building in NORWAY

[UNIT: kWWhe] Et Technical System Eb Building Consumption
70
ELECTRICITY !
£ Ui Heat pumps Lighting
(e |
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k‘ 902092 I
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OO Occupant Behavior

The presence schedule for the office building in Trondheim is given in the following figure. This office building is rented to
different companies, usually companies have working time between 8 a.m. until 4 p.m. But some companies could
extend working time until 5 or 6 p.m. In general, it can be assumed that working hours is about 2000 hours for light and
ventilation in the building. Light in the corridors and common area is working longer. Working hours of the IT server room is
8760 hours.
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex

Subtask B- Case Study
International Energy Agency A S|ng|e Fam”y House |n AUSTRIA (1 Of 3)

Energy Conservation in O .
Buildings and Community OO Energy Consumption

Systems Programme

E: Building Technical Systems Ew Building End Energy
pursues to s’ruo!y h.ow the ANNEX 53 Total Energy 40,000 - : ! I Consumpiion
occupant behaviors influence . o 35,000 - ! !
building energy consumption on Use in Buildings g sooo0 - ! !
this base, and hence to bring -Analysis and £ 25000 - e ]‘ Gt 22 ““'“"‘“"“'}.‘Lf_i H:::' L o
the occupants behaviors into Evaluation Methods == HEY - [ - i L
the building energy field so as to == H

conduct the building energy
works (research, practice, policy,
etc) more closed with the real

d
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors info
the building energy field so as to
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition technologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR

AUSTRIA  Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

heated upper floor
20°C £0.5°C

heated ground floer

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and
Evaluation Methods

=S e

Case Information

20
O

The detached single family house is located in the
Vorarlberger Highlands close to the western border of
Austria. Average monthly temperatures range between -
4°C to 24°C and is within the cool/temperate Alpine
climate zone.

This case study house is the second in a series of three that
have been compared in a study investigafting the
relationship between the calculations in the energy
certificate, the impact of actual thermal renovations on
energy use, and user behaviour in the individual houses.
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80 Energy Consumption

Subtask B- Case Study
A Single Family House in AUSTRIA (2 of 3)
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors into
the building energy field so as to
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition technologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR
AUSTRIA  Vienna University of Technology
BELGIUM University of Liege
CHINA  Tsinghua University
Swire Properties Ltd.
FRANCE Insa de Lyon
ITALY Politecnico di Torino
JAPAN Tohoku University
Chubu Electric Power Co., Inc.,

NORWAY Norwegian University of Science

and Technology

heated ground floor
20°C£0.5°C

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

g

WEATHER

O
Case Information OO

The detached single family house is located in the
Vorarlberger Highlands close to the western border of
Austria. Average monthly temperatures range between -
4°C to 24°C and is within the cool/temperate Alpine
climate zone.

This case study house is the third in a series of three that
have been compared in a study investigating the
relationship lbetween the calculations in the energy
certificates, the impact of actual thermal renovations on
energy use, and user behaviour in individual houses.

368 7.95
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b
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210°C natc
1 1.40 8.80 l 1.40
10.20
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88 m 2
Stairs Bedroom o
1B2m 17emt
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= 6.6 m* I =&
| |
Living Room Kiteher
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] 10.20
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Subtask B- Case Study

Building Technical Systems

Ev Building End Energy

A Single Family House in AUSTRIA (3 of 3)

60,000 N
i Consumption
o 50,000 [
= I
= I
T 40,000 ] [ ratware: | I |
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10,000 - 2| Woos.8urming 157 fioom Heating 13627 ; foorm Heati
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R¥ w2006 (base case) 2011 (renovated)
60,000 ildi i ildi
[ _Egm%m Building Technical Systems I'iu,- Building End ?nergy
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50,000 + 1| solarThermat I
] 2598 I
[ Hot Water Tank . :
g 40,000 Marural Gas | GasBoller | 739, RLIEARR e 1528 L o
= = ] 1528
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|
£ 30000 - - I
® I
2 1 i
20,000 m ! Roam Heating
] 5195
10,000 1 :
I -
Electricity I Electricity
0 2500 E |
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 ]
mEnergy certificate = Adapted climate & user data = Actual fuel use . '
Room temperature 20.3°C
People 1.79 W/m2TFA
Internal loads 5.89 W/m2TFA
Appliances and lighting 4.09 W/m2TFA
Domestic hot water 18.3 kWh/m2a
Window — Air change rate, n [h]
Month 1 3 4 5 6 7 8 9 10 11 12
Upper floor Cross ventilation 0.06 0.06 0.10 0.13 0.19 0.17 0.17 0.14 0.07 0.07 0.07
Ground floor Single-sided window ventilation 0.05 0.07 0.08 0.09 0.10 0.09 0.10 0.08 0.08 0.06 0.06
Cross ventilation 0.08 0.08 0.13 0.16 0.23 0.21 0.19 0.18 0.10 0.09 0.09
Hourly opening time in minutes with an outdoor temperature of 10°C
Single-sided window Area .
ventlation m2 Opening 1 4 6 8 9 |110(11 (12|13 |14 |15 |16 (17|18 (19|20 |21 |22 |23 | 24
Living Room 2.0 Fully open 3
2.0 Fully open 5 5 5
Ground floor
Bedroom 1.4 Fully open 3
0.4 Fully open 5 5

Cross ventilation

Window areas

Ground floor

20&1.4

12

Upper floor

14&14

12
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for

Subtask B- Case Study

robust prediction of total energy International Energy Agency A Slngle Famlly House in Austria
usage in buildings, thus enabling Energy Conservation in O .

the assessment of energy-saving Buildings and Community O En ergy Consumptlon

measures, policies and o

techniques. For that this annex Systems Programme

pursues to study how the ANNEX 53 Total Energy

700 1 # L1-single furnace, gas

occupant behaviors influence . L g
building energy consumption on Use in Buildings il ® L4-single fumace, gas
this base, and hence to bring -Analysis and Evaluation
the occupants behaviors into Methods - ; ® L4-CHS, gas
o . 2 ook
the building energy field so as to &
T = = t | ¥ L4-CHS, pellets
conduct the building energy ) ..
works (research, practice, policy, | = % ' # L4-CHS, pellets, roof insulation
etc) more closed with the real T (W il EEE = ‘ ‘ g |
world. i L ' i____ 51 e | = L4-GHS, pellets, 8 solar collectors.
The deliverables of Subtask B is: ' e T E
]  — = :

® Demonstration of case ! il::iaﬁ;ﬁ.gp;test:, roof insulation+

STUdIeS Of energy use by end 100 ¥ L4-CHS, pellets, roof and external

O,
use in buildings CaS e I n fO rm a.tl on Oo wall insulation+insulating glass
® Demonstration of
measurement and data
acquisition technologies for

long term monitoring (On-

® |4-CHS, heat pump, roof and
3 N 3 external wall insulation+insulating
Different scenarios CHS (central healing system)  glass, underdloor heating

WEATHER
Hourly weather data for Vienna was used for the dynamic
simulation. The source data includes exterior temperature,

line Databasel relative humidity, wind speed and direction, precipitation, O
atmospheric pressure, solar radiation (both orientation and o Occupant Behavior
STB CASE CONTRIBUTOR angle dependent) for each hour. The exterior temperature O P
AUSTRIA Vienna University of Technology and the global horizontal radiation are presented in Fig. 1. E AT R S, AL DR
BELGIUM University of Liége ﬂt ?; mpact of 1 Eit}' €5 In the existung siate, withoul a therm
. . . . . P . . retroll
CHINA  Tsinghua University The demonstration dwelling was built in Austria in 1930 -
Swire Properties Ltd. 1932 and is located in an urban area. Figure 2 presents the Lifestyle LI L2 1.3 L4
FRANCE  Insadelyon location and orientation of the investigated house. Building Existing ~ Existing  Existing  Existing
ITALY Politecnico di Torino ) ) _ )
JAPAN Tohoku University Heat Single Single Single Single
. . L. . dissipation furnace furnace furnace furnace
Chubu Electric Power Co., Inc., 40 ® Lifestyle 1 (L1): only the living room is heated to a . i i : ]
NORWAY Norwegian University of Science _ _ Energy source Gas Gas Gas Gas
and Technology e room temperature of 20°C in the morning and Heat demand (kWh/m® GFA)
% U evening. Heating 62 111 173 252
8 ! ‘H’Fh Hot water 15 15 15 L5
3 L i ® Lifestyle 2 (L2): all rooms are kept at a minimum Costs (Euro/year)
o e e ot o0 26 6 o e e g0 72 2 3k k0 520 o132 708 700 o temperature of 15°C; the living room has a room i - e pe =
fe fme® ’ Hot water 124 124 124 124
temperature of 20°C in the morning and evening. Appliance 547 547 547 547
= o i Total 1148 1539 2018 2653
Lageplan BN | L . .
o LT ' ® Lifestyle 3 (L3): all rooms are kept at a minimum CO: emissions (tonnes/year)
I:[:(' temperature of 15°C; the living and occupied rooms Eleating 24 4 - 1
el - _ Hot water 0.6 0.6 0.6 0.6
R Garden elavation are heated when occupied to 22°C; the bedroom :
- Appliance 24 24 24 24
temperature is 20°C. Total 5.5 7.5 10.0 132
Primary energy (kWh/m® GFA)
: ® Lifestyle 4 (L4): all rooms have an interior Heating 120 218 342 499
o Z 1 - . Hot wat 31 31 31 3l
? S temperature of 22°C. i
*" " | _ By I Appliance 128 128 128 128
o bt 3 T SRR MR i foor 1 fioor 2 flaar Total 179 378 501 658
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors info
the building energy field so as to
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition technologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR

AUSTRIA  Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods e

O
Case Information OO

Heated ground area: 389.40 m?
Heated building volume: 887.83 m?®
Cellar (unheated): 189.3 m?, ground floor: 211.9 m?, first floor:

177.4 m?

Cellar ceiling= 189.3 m?,
Exterior wall= 326.00 m?,
Roof area= 226.60 m?,

Windows: U-value= 1.10 W/m, g=0.6

U-value=0.41 W/m2K
U-value=0.18 W/m2K
U-value=0.20 W/m?2K

Area [m?] Area [m?]
North 9,66 North 0
Windows | South | 11,67 Doors|  South 18,72
West 5,99 West 6,4675
East 6,69 East 3,8
34,01 28,9875

Subtask B- Case Study
A Single Family House in Austria

80 Energy Consumption

Heating energy demand [kWh/(m?2 a)]

Iy . 60.0
N\ 50.0 = .
N 400 N -
N e 300 |
1 - H 20.0
! 10.0
0.0
Sradhduse pdie B-Sadhduse pdile Snel sy pdile
OO Occupant Behavior
air Change rate (1/h) — Unterdruck 1 — Uberdruck 1
O Unterdruck 1 n Uberdruck 1
7.0
6.0
40 el
B0 f -
2.0 /
1.0
y4
00 £ |
0 50 100 150 200

pressure difference (Pa)

House is occupied since November 2004: 4 Adults, 1 Child.

A person (housewife) is continuously at home. At least, four people regularly sleep in the house. Short
trips are taken only during the holidays and Christmas (about two weeks). The Wood-House cools
down in this time from 22-23 °C to 18-19 °C, without being heated. Partially is the heating night
setback activated.

Cellar is unheated: Indoor temperature is about 15 °C, except Kettle room
All other rooms are heated to about 22 °C, except bedroom of the parents.

There are four stoves in the house. The stove in the living room is in constant operation. The
temperature is measured only in the work room.
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The ultimate outcome of Annex

53 is betfter understanding and Subtask B- Case StUdy
strengthening the knowledge for F— N Intsiiational Energy Agsncy A Multi_fam”y HOUSG in AUSTR|A

robust prediction of total ener : O
predicti oy =B B, Energy Conservation in O ,
usage in buildings, thus enabling e I e . O Energy Consumptlon
the assessment of energy-saving CON ), Buildings and Community o . o
.. | / e ] Monatsnrittewerte der elektrischen Leistung in W/nmeNFL
measures, policies and ooy Systems Programme 800
techniques. For that this annex 1Y o o
pursues to study how the AR 7/ = ANNEX 53 Total Energy Electricity Consumption in kWh/30m? Household 7.00 | I
occupant behaviors influence AN/ A== Use in Buildings 2000 Commen 6 i
building energy consumption on WL -Analysis and Evaluation iigg soo 0
this base, and hence to bring V ' Methods 1400 |
the occupants behaviors into {566 4001
the building energy field so as to — 1000 3,001
conduct the building energy 800 200
works (research, practice, policy, T SR — == 600 “
etc) more closed with the real = : G ]
world. i [ = Bemiss how loow | | 202 0o
The deliverables of Subtask B is: ‘ R A
® Demonstration of case 2007 2008 2009 Nmer der Wohreinheit
studies of energy use by end : O E E
- . t b
use ih bUI|dIﬂgS Case Info rm atl 0 n O Heating energy in MWh Cwithout internal loads .
. lzctricity —
[ ) Demons‘h’a‘hon Of 60 with real actual internal loads 30 KWvhim? Vertitation Househod
X . . _ 5 Electricity 6 kVWh/m? Electricity
measurement and datfa The house is located in Utendorfgasse, A-1140 Vienna, - Wblensand enerpyampunt FAUU Measured 8 ki
. & % + easUre
acquisition ’rechnqloges for Austria. Average monthly temperatures range between - - Dwith full internal loads Europe 33 98I gt:,mzseughjng
long ferm monitoring (On- 1°C to 23°C and is within the cool/temperate Alpine 40 SisenConrol
line Database) climate zone W Electricity & kV/h/m HatWater
. : ) Hezt
STB CASE CONTRIBUTOR 30 [ = AL
. . . ope Boiler - Hot Wwater
AUSTRIA Vienna University of Technology This case study houge is The first certificated lowest energy " ) 1 Gas 27 ki
Gas ~ dlcuatec
BELGIUM University of Lidge mulfifamily houses in Vienna. ThereT are 39 flats in the | o _ Bor i et
CHINA  Tsinghua University cqmplex of three houses. The. buﬂdmgs are made of i A ! Somprrn 135 T Messuredny Ges Baier— Haattg e i
Swire Properties Ltd reinforced concrete. The balconies are in the south so the ‘ I I ‘ _ 514hin Gas 18 ihirm? .
. . . . . . : = alculate
FRANCE Insa de Lyon prqechng slabs are shading the windows. There are little 0 ! ‘ | b . Mazsured Nsasured
ITALY Politecnico di Torino W|ndOWS In The norTh' Sep Okt Nov Dez lan Feb Mrz Apr Mai Jun Totel Primary Energy

. . Ausiria 115 KWhim?
JAPAN Tohoku University Europe 150 Kyhim:

Erergy in KWh/m? reference area
Chubu Electric Power Co., Inc.,

NORWAY Norwegian University of Science
and Technology

basement ground floor

L o e e 1 R I
C1 R-| I e
el A i
T L e

R e e S Ry

: | . ) C‘ %

20 o Behavi
ccupant Benavior
o O P

: : 'I_,_ System Operation

central gas fired condensing boiler (in the basement), Year-2007

effective power 50kW, modulating, flexible regulation according to the external temperature

Heating heating of flat through one heating coil per flat in the supply air

no storage

Deliveries system: room thermostat with zone control, supply air heating, supply/return 70°C/55°C
hot water storage tank: 1500 |, Year-2007

distribution system with circulation pipe

Hot water
Only one heat exchanger for 13 flats

Only one heating coil per flat at the entry

central ventilation system with central heat recovery n=75%

volume flow control per flat: n=0.4 h-1, n50=0.3 h-1

EIIIIIIF T

s g

LT LEECECIRE T
O

Ventilation | controlled air change, high surface temperatures during winter

high acoustic and hygienic standards for ventilation system

,,,,,,,,,,,,,,, B good summertime performance

Haus 2 Ansicht Siid
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence fo bring
the occupants behaviors into
the building energy field so as to
conduct the building energy !
works (research, practice, policy,
etc) more closed with the redl

Subtask B- Case Study
A Single Family House in Belgium

International Energy Agency
Energy Conservation in
Buildings and Community Energy incomes
Systems Programme - e |

5,00E+03

4,00E403

W Heat pump

3,00E+03 | M Solar gains

[kWh]

M Electrical gains

2,00E+03 + = Human gains

1,00E+03

0,00E+00

Jun  Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

F ].......mmmm |i

:: ; £ Energy outcomes
world. ) . | == i 6,00E403
The deliverables of Subtask B is: Timitim = £
" == C m 1] 1 L
® Demonstration of case 5,00E403
studies of energy use by end ) O . B
use in buildings Case Information O B Transmission
® Demonstration of Fa00m03 —— @ ® Mechanical
measurement and data The climate in Belgium is temperate. The heating degrees day value O . lisnBRRRRRRR venstn
acquisifion fechnologies for (15°C) is around O Energy Consum ption ’ man. vent.
long term monitoring (On- 2726 K.h/year and the cooling degrees days (18.3 °C) value is only 173 1008403 | BN = DHW
line Database) K.h/year.

0,00E+00 -

STB CASE CONTRIBUTOR

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

This house has been built in 2008 and has a occupiable surface of 285

AUSTRIA - Vienna University of Technology m? and a volume of 741m?®. The compactness is 1.29 m and the mean These to bar plot have been
BELGIUM University of Liége heat transfer coefficient is 0.32 W/K.m?. There are around 53 m? of Energy balances [kWh] created with the results of a TRNSYS
CHINA  Tsinghua University windows. The house is heated with an air/water heat pump and a low Heat pump House simulation. Estimations have been
Swire Properties Lid. inertia floor heating. This heat pump produces also the domestic hot done for the unknown parameters.
FRANCE  Insa de Lyon water. Three adults live in this house. There is no monitoring on the fotal Air 11011 . Heating gains 17237 . The values chosen for these
TALY Politecnico di Torino electrical consumption, but the electrical power used by the heat L . parameters are the ones which
JAPAN  Tohoku University pump and the heq’rlng power produced by it are monitored. One Elecj[rICIty 9752 . Solar galns. 12233 l minimize the difference between
Chubu Electric Power Co., Inc., monlfored as well. Heating --17237 Human gains 1818 I the real and the estimated monthly
NORWAY N ian University of Sci i o . i i energy consumptions (kWh) and

o:;ﬁiif:ogg;em yorsaence All of the case building information is provided by the BEMS team of the DHW I -3526 |Electrical gains 5356 II over-heatings (K.h).

O University of Liege. Infilt. & man. Vent. losses -6310

I On the analyzed year, the heat
Oo OCCUpant Behavior Mech. ventilation losses I -2682 pump consux;ned y9752 kWh of
. . . . . issi - electricity and produced 20763

During the analyzed period, the conftrol of the indoor temperature was quite simple (and not really Transmission losses - 27650 Y P

kWh of calorific energy. This energy
is used to heat the house and the
domestic hot water.

energy efficient) as it was sef to 23 °C (on the thermostat) all along the year. The graph here represents
the monthly electrical energy quantities absorbed by the heat pump and the calorific energy
qguantities produced with it. These energy flows are separated in two categories: heating of the house
and domestic hot water production.

Monthly mean temperatures and consumptions

Sankey Diagram
The indoor electrical consumption

(including lighting, cooking,
Infiltration appliances, etc.) is not monitored

Solargains

3500 30,00 and then notf included in the
) following calculus.
3000 ,A\ 25,00 Fuman gains Ventilation °
_—— ildi
LTI The yearly annual  surface
2500 20,00 o, =E=INDHW Electrical gains ~ consumption for the heating and
= /\ E o OUT DHW _ Trensmission the DHW is 34 kWh/m?,
E 2000 | 15,00 g Heating
= \ I / ‘g i IN Heating ir In primary energy (factor 2.5 for the
E 1500 10,00 £ mmmoUT Heating electricity) it gives 84 kWh/m?2.
L (]
F  —Insidet t oo .
1000 5,00 nside temperature Electricity The vyearly COz emission is
——Qutside temperature 0.456*9752 = 4447 kg/CO2 or 15 kg
500 0,00 CO2/m?
o -5,00

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
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The ultimate outcome of Annex
53 is befter understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors info
the building energy field so as o
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition fechnologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR

AUSTRIA  Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science

and Technology

WEATHER

The climate in Belgium is temperate. The heating degrees day value The
climate in Belgium is temperate. The heating degrees day value (15°C)
is around 2726 K.h/year and the cooling degrees days (18.3 °C) value is

only 173 K.h/year.

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

WEE e, |HEE

[rams
== ey -

O
Case Information OO

This apartment has been built in 2004 and has a surface of 95 m? and a

volume of 237 m2. It is quite compact (3.1 m) and insulated (Um = 0.51
W/K.m?). There are around 9 m? of windows. The apartment is heated
with a gas boiler (which is inside the protected volume). This boiler is also
used to produce the domestic hot water. A young couple lives in this
apartment and they work both five days a week. The electrical
consumption and the indoor temperature are recorded every five
minutes and the gas consumption once a day.

ACKNOWLEDGMENT

All of the case building information is provided by the BEMS team of the

University of Liege.

OO Occupant Behavior

80 Energy Consumption

1,80E+03
1,60E+03
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= 1,00E+03
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6,00E+02 |
4,00E+02 |
2,00E402 |

0,00E+00 |
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1,206403

= 1,00E+03 |
X 8,00£+02 -
6,00E+402 |
4,00E402 |
2,00E402 |

0,00E+00 -

Subtask B- Case Study
A Single Family House in Belgium

Energy incomes

W Gas

M Solar gains

M Electrical gains

® Human gains

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Energy outcomes

Transmission

Nov

Energy balances [kWh]

Gas 5442 [
Heating .
DHW |
Losses |

The two occupants work during the weekdays, so there are away from the apartment between 9am
and épm. During the weekend, they stay normally in the apartment during the day. The apartment is
heated in a homogeneous way (same indoor temperature in all the volume).

1200

1000

800

2 600 -

400 -~

200 P

0 T T T T

o 2 4 6 8

10 12 14 16 18 20 22 24

Hour of the day

23

22

21

20

19

18

17

—
[

o

—

Solargains

Human gainz

—\Weekday electrical power

Weekend electrical power

Weekday heating setpoint

Weekend heating setpoint

Electrical gainz

Heating gains
Solar gains
Human gains
Electrical gains
Infiltration losses
Ventilation losses

House

3654
2109
829

2652

Transmission losses

-806
-4864
-3574

Sankey Diagram

Heating

Losses

Building

Infiltration

Ventilation

Transmission

m Ventilation

M Infiltration

mDHW

m Boiler losses

Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

These bar plots and the energy
balances tables have been
created with the results of a TRNSYS
simulation. Estimations have been
done for the unknown parameters.
The values chosen for  these
parameters are the ones which
minimize the difference between
the real and the estimated monthly

energy consumptions (kWh) and
over-heatings (K.h).
The apartment consumes 5442

kWh/year of gas and 2652 kWh of
electricity. The gas is used to heat
the apartment and fo produce the
domestic hot water. There is no
cooling system.

The annual surface consumption is
57 kWh/m? of gas and 28 kWh/m?2 of
electricity.

In primary energy (factor 1 for the
gas and

2.5 for the electricity)
57+2.5%28 = 127 kWh/m?

it gives:

The total yearly CO2 emission is
0.251*5442+0.456%2652=2575
kg/CO2 or 27 kg CO2/m?
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving

International Energy Agency
Energy Conservation in
Buildings and Community

Subtask B- Case Study

Thermal Simulation and Monitoring of a Dwelling

80 Energy Consumption

measures, policies and P
techniques. For that this annex Systems Programme 3500
pursues to s’rudy how the = Electricity consumption from 1st July 2010 to 31 January 2011 §
occupant behaviors influence ANN_EX 5‘? T?tql JaCUER7 § el 4 Total
building energy consumption on Use in B.U|Id|ngs . 2 2500 [I
this base, and hence to bring -Analysis and Evaluation j“’ﬂ
' : 2000 Off peak
the occupants behaviors into Methods L § :
the building energy field so as fo e < PN
conduct the building energy 1000 P ,
works (research, practice, policy, _— f&yﬁ/‘i _ wﬁp_‘,&:é,..ﬂv_j
etc) more closed with the real 3 M‘ﬁ
V\lgorl(dj' | b| fs b K 0 1000 2000 3000 4000 2000 6000 7000 8000 9000 4?)00 4500 5000 5500 6000 6500 7000 7500 8000 8500 92000 9500 10000
The deliverables of Subtask B is: tsummer [Nl houryear [h]
® Demonstration of case =
. 4000 2000
studies of energy use by end . OO s _
Use ln bUIIdIngS Case Inform atl 0 n E 3000 Quo\ heating.1 é 1600 All surrounding dwellings unoccupied
® Demonstration of E Sf:,‘,"j;"j?';‘ =
meOSUremenT Ond dOTO . . . . -Q 2000 Ocv...lr.“.ln! i E_ 1200 Lower dwelling sccupied “
‘et . This dwelllng located on the BelglOn coast (FlgUre ]) has a P 2 Lower and West dwellings occupied
acquisition technologies for e . g
| oo total floor area of 95 m2. It can be subdivided into ¢ 1000 2 800 —
ong term monitoring (On- . . . . <] IR
. different zones (with toilet and boiler room aggregated
line Database) . A L 2 0
info only one zone) as indicated in Figure 2. The living room LY Z~
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors into
the building energy field so as to
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition technologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR

AUSTRIA  Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

'
g
1

74
g 777, 12
,’,J j_f_.

~rELy rl.u.'n.g
A

6720

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

T

Case Information OO

The apartment building is located in Tsinghua University
Campus, Beijing, China. Beijing is the capital of China, with
latitude: 39° 55'N and longitude: 116° 23'. Its climate is
rather dry, monsoon-influenced humid continental climate,
hot, humid summers due to the East Asian monsoon, and
generally cold, windy, dry winters that reflect the influence
of the vast Siberian anticyclone. The monthly daily
average temperature in January is =3.7 °C, while in July it is
26.2 °C. Precipitation averages around 570 mm annudally,
with the great majority of it falling in the summer months.
Extremes have ranged from -27.4 to0 42.6 °C.

This case study house is compared in a study investigating
the relationship between the energy use and occupant
behavior in the multi-family apartment.

The authors from Tsinghua University highly appreciate
great helps from the residents to provide her family as case
study for IEA ECBCS ANNEX 53.
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The ultimate outcome of Annex

Srengthening e knowledae for Subtask B- Case Study
[ w ;
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occupant behaviors influence . o = : : -
building energy consumption on Use in B.U|Id|ngs . . Wi buezioder | :
this base, and hence to bring -Analysis and Evaluation _ . ' ; :
the occupants behaviors into Methods = Heat sourc Conversion valu ="
the building energy field so as to . Electricity 3.€ MJ/kWh =
conduct the building energy == = g -
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® Demonstration of case R .
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® Demonstration of Apeld [ | Lo 1228
measurement and data RN SHE]
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The ultimate outcome of Annex
53 is better understanding and
strengthening the knowledge for
robust prediction of total energy
usage in buildings, thus enabling
the assessment of energy-saving
measures, policies and
techniques. For that this annex
pursues to study how the
occupant behaviors influence
building energy consumption on
this base, and hence to bring
the occupants behaviors into
the building energy field so as to
conduct the building energy
works (research, practice, policy,
etc) more closed with the real
world.
The deliverables of Subtask B is:
® Demonstration of case
studies of energy use by end
use in buildings
® Demonstration of
measurement and data
acquisition technologies for
long term monitoring (On-
line Database)

STB CASE CONTRIBUTOR

AUSTRIA  Vienna University of Technology
BELGIUM University of Liege

CHINA  Tsinghua University
Swire Properties Ltd.

FRANCE Insa de Lyon

ITALY Politecnico di Torino

JAPAN Tohoku University

Chubu Electric Power Co., Inc.,
NORWAY Norwegian University of Science
and Technology

Tanperhu {123
i

International Energy Agency
Energy Conservation in
Buildings and Community
Systems Programme

ANNEX 53 Total Energy
Use in Buildings
-Analysis and Evaluation
Methods

i s |

Case Information

Q0
O

Fig.1 shows the location of Fukushima in Japan. Fig.2 shows
the monthly mean temperatures and mean humidities in
Fukushima, Montreal and Berlin.  Fukushima is cold and
snowy in winter, but hot and humid in summer. The rainning
season of Japan is from June fo July. Minimum and
maximum temperatures are 1.4 0C in January and 25.2 0C
in August respectively

The main objectives of this investigation are, 1) to show an
example of case study for residential building, 2) to clarify
actual conditions of the total energy use and factors
influencing energy use. The investigated apartment is a
typical type of house unit in Japan (cf. Fig.3) and it is
sifuated on the éth floor of a 15-story multi-family building
with energy sources of electricity and city gaos.
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Subtask B- Case Study
Example of an apartment house in Japan
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1.

AUT-01: Office Building in Austria

Authors: Thomas Bednar and Azra Korjenic

11

Introduction

Whole building energy consumption, HVAC, and elieetr appliances were noted in detail and
reproduced in dynamic simulations.
The building was constructed in 2007, and is cosgatiof a basement with three aboveground stories,

see Figure 1-1.
The gross heated area of the building is 4 939Timé. gross heated volume is 18,099 m3 including

offices, meeting rooms, and secondary rooms. Theedbuilding is occupied by 129 employees.

1.2

Figure 1-1: Case study Small Office Building in tias

Location and climate conditions
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Figure 1-2: Building location in Melk, Niederdsteich (Lowér Austria)
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Geographical Data:

Geographical position Longitude Latitude Elevation

Melk 15.32° East 48.22° North 255 m

Melk is a small city in Austria with 5257 residergscording to Statistik Austria 2011 census, see
Figure 1-2. The distance from Melk to Vienna is @pgmately 78 km.

Climatic conditions for Simulations:

The simulation was carried out using representdfiR¥ (Test Reference Year) data sets based upon
the 1991 to 2005 climate data from the St. Polteather station (next Air Station). Test Reference

Years (TRY) are specially mixed records that ineludeteorological data for each hour of a year.

They are a mean, but represent typical weatherittons for a specified region over a year

1.3 Building description and building systems

Figure 1-3: Building facade

Offices are situated at the facades, as seen ird-ity3. The restrooms, kitchen, small archives, IT
room and the staircase are in the core. Offices @imdary work areas are heated to 22 °C. The
corridors and interior secondary rooms are heatedrdctly by the conditioned office spaces and
internal loads. Room heating is provided by distnieating from biomass (wood chips and tree bark).
Mechanical ventilation supplies fresh air througitiets in all rooms. The fresh air supply is prebda
during the winter and precooled during the sumnsingia 500 m ground-coupled heat exchanger
(earth tube). The use of a heating coil is not sg@ey as the ground tube heat exchanger is sulfficie
The building is protected from overheating by a fastallation on the flat roof. Decentralized air
conditioning is only provided in the computer s@ma@oms. The cooling fan operates in summer from
12 pm until 7 am and has an airflow volume of 4GhmPomestic hot water is provided by small
point-of-use water heaters. The estimated consemi5 L per working day and person.

Building envelope:

The main characteristics of the building envelopepesented in Table 1-1.

Table 1-1: The U-values of the external walls amel flat roof have better insulation values than
national legislation requirements.
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EW_external wall Thl(crl;r)less Heat(\c/\i)/rrf}z)ctlwty Stor?gigczfaC|ty I(Dkzr/\z?)/
wood 0.10 0.13 2500 550
mineral wool 0.10 0.04 500 23
reinforced concrete 0.20 2.30 1080 2300
plaster 0.01 0.80 1130 1500
U=0.188W/m2K
EW_TF_ external wall — Thickness Heat conductivity = Storage capacity Density
top floor (m) (W/mK) (J/kaK) (ka/m?3)
reinforced concrete 0.10 2.30 1080 2300
OoSsB 0.02 0.13 1700 680
wood or 7_MW 0.16 0.13 2500 550
OSB 0.02 0.13 1700 680
gypsum board 0.03 0.21 1050 900
U=0.283W/m2K
Thickness  Heat conductivity  Storage capacity Density
D1 flat roof (m) (W/mK) (I/kgK) (kg/m3)
EPS-W30 0.28 0.04 1400 17
reinforced concrete 0.26 2.3 1080 2300
U=0.122W/m2K
D1 flat roof suspended Thickness Heat conductivity —Storage capacity Density
ceiling (m) (W/mK) (J/kgK) (kg/m?)
EPS-W30 0.28 0.04 1400 17
reinforced concrete 0.26 2.3 1080 2300
air_above 46-50mm 0.05 0.31 1008 1.20
gypsum board 0.01 0.21 1050 900
U=0.119W/m2K
Main window specifications are summarized in Tab2 below.
Table 1-2: Window characteristics of the investaghbuilding
Glass SH.GC (so!ar heat Frame Window Installation
gain coefficient) spacer
Uy g b Yrv Winstallation

W/m2K ~ Wim2K - m - -
\(’)Vf‘];’izglsA'“m'”'“m 1.1 0.5 0.05-0.12  0.06 0.35
Aluminium Window 1.1 0.37 0.05 0.06 0.35

Public Help Desks
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1.4 Experimental and computational investigations

Hourly measurements were carried out for 1 yeaB92@nd are still ongoing. Energy consumption
for space heating, ventilation, hot water, eleitirjclighting, and equipment is metered separately.
Additionally, occupancy was carefully monitored inyerviewing employees, and all details noted for
reproduction in the simulation. The technical equapt in each room was also documented with
partial metering of equipment electricity consurapti

Measured values were simulated by modeling theesttuilding in the “BuildOpt_VIE” software
developed at the Research Centre of Building Phyai@ Sound Protection, Vienna University of
Technology (Figure 1-4). This program was validaiethg data from Annex 41.

—‘
—S7L

Figure 1-4: “BuildOpt_VIE” building model.

15 Occupants and equipment operation

The occupancy density was determined by intervigveth office workers. Daily work patterns on a
room by room basis were documented along with thetrécal equipment in use. All the equipment
on-site was logged with their energy consumptians r@produced in the simulation. Table 1-3 shows
an example of the office equipment energy load.

Table 1-3: Equipment and their energy loads indffice

Office: Power in W Power in W
1x per Work time Standby
Colour laser printer office 103.0 154
Battery chargers office 0.8 0.2
Radio office 9.0 0.0
Luxmat lighting controller office 1.5 1.5
Fire alarm work station 0.5 0.5
Exterior shading controller work station 15 15
Night ventilation work station 15 15
Phone work station 3 3
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Computer work station present 2.3

Monitor work station present 0.35
Full Load by presence Always
Per work station in W full-standby standby
Computer 56.0 53.7 2.3
Monitor 18.5 18.1 04

The required workplace illumination during occupameas simulated using 500 lux, following the
specifications in DIN 18599 or EN 12464-1.

The mean presence probability of the office bugdinm Melk is about 30 %, see Figure 1-5. This is a
result of the high number of part-time employees.

Figure 1-5: Average presence in offices of the cisdy building

A standard presence probability for office buildsng about 70%.
Use of emergency exit, fire alarm box etc. is canist

1.6 Measurements

Electricity meters were installed for all electtickevices. Hourly energy consumption data for all
sources were collected. Figure 1-6 shows the mgldbad and the annual energy consumption for
computers and computer related equipment per fldmher energy consumption in the server room
was recorded in February as moisture damage occan@ an additional electric heater was required.
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Electricity Load 2009 in kW
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Figure 1-6: Measured electricity consumption of poners and computer-related equipment per floor
(EG—Ground floor, 1.0G—1st Floor, 2.0G—2nd FloaG—3rd Floor).

The building has underfloor (radiant floor) heatingth supplementary radiators in some rooms.
Figure 1-7 shows the extra measured energy consumipt radiators, underfloor heating, and garage
ramp heating.

Heat: Radiators + Underfloor Heating in kWh
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Figure 1-7: Measured energy consumption of radistamnderfloor heating, and ramp heating
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Heat for the building is supplied from the Melkycistrict heating system using renewable wood
biomass from wood chips and tree bark (Griinbe&f#39), and supplies heating directly to the offices
conference room, garage ramp, radiant floor andatad throughout the building. Figure 1-8
summarizes the heat and electricity use in thedimgjl Electricity is used for both building techalic
services (B and direct end uses by office workers. Electiést used to heat DHW in on-demand
water heaters. The other electricity categoriesoffiee lighting, catering, office equipment inciad
computers, and IT, where the server room is mogit@eparately, as well as a miscellaneous category.
The miscellaneous category includes elevatorsggamxterior and basement lighting.

Building Technical Systems Building End Energy

Renewable Et Er  Consumption
Energy System ] I
I 729 I
4 1 Office Heating
| |
| 355 | Conference room
| | heating
District Heating | 9210 |
213800 | i Garage ramp heating
| |
| 34148 | Radiant floor
| | heating
\=_,/ 169358 : Radiators
| |
I |
I 6233 |
1 I " DHW
Controls,
I 7899 > circulation & 59 531 I
: distribution pumps : > Lighting
I - 30949 | .
| 10607 Cooling coil for 1 »| Office equipment
Electricity | - SErvers [
193 813 I 3428 ] _ T
: 21317, Ventilation :
I 4291 I > Catering
| 17921 I
. 1| 5066 e ] > Miscellaneous
y, »| Humidification
T |
1 1

Y . . . .
\J‘ Conversion to primary energy, greenhouse gas emissions, or energy source costs p055|b|e here

Figure 1-8: Energy flow diagram in kWh/m?2.a for 26howing &, E, E, and E.
Table 1-4 below shows electricity use per floor anbicategory. The overall building energy use per

category is summed at the bottom of each columa.cHEtegory sums concur with the values in Figure
1-8.
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Table 1-4. Electricity use breakdown by floor aradegory in KWh.

Floor Total Lighting Office DHW Catering IT Building| Other
Energy Equipment Services
(kWh)
Basement 74 888 3428| 74 888
Ground 40 926 19 183 7 345 2398 12 000
1% Floor 19 404 13 331 6 758 1067 -1 752
2" Floor 27 237 15 788 9 036 1168 1245
3 Floor 27 930 11 229 4 382 1600 6428
59 531 30949 6 233 4291 3428 74889 17921
1.7 Comparison between measurements and simulations

The measured results compared to simulated remdtpresented in Table 1-5, Figure 1-9, Figure 1-

10, Table 1-6 and Figure 1-11.

Table 1-5: Heating energy demand—comparative catauis (left) and measurements (right)

Simulation

sim_T 22_wbr0.15

Verbrauch 2009

Janner 41927 50240
Februar 39116 40100
Mérz 21898 29610
April 126[16 6650
Mai 1193 1800
Juni 209 200
Juli 72 300
August 48 100
September 3728 40
Oktober 13703 17460
November 23015 22800
Dezember 39062 44500
Summe 196588 213800
HWB in kWh/m?a 41 44
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heat use for heating in kWh
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Figure 1-9: Heating energy demand—comparative measants and calculations.

Small differences can also result from the usedredt climate data. The climate data from St. Rolte
(next to the weather station) was used insteadedk i the simulation.
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Figure 1-10: Lighting electricity consumption—comgive measurements and calculations.

electricity use lighting - Ground Floor in kWh
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Table 1-6: Lighting: Measurements for each floor
Messung GeschoBweise Beleuchtung Subzihler

licht EG licht 10G licht 20G licht 30G

Janner 1623 879 1722 899
Februar 1544 1194 1424 1034
Marz 1652 1327 1614 1061
April 1791 644 1320 910
Mai 1186 1470 902 753
Juni 1543 1002 1055 861
Juli 1409 894 921 B75
August 1133 726 702 572
September 1601 1139 1290 992
Oktober 1837 1310 1593 1012
November 1956 1360 1636 1152
Dezember 1908 1386 1609 1108
Summe

kWh/a 19183 13331 15788 11229

Primary Energy in kWh/m2GFA

140
120
100 4 _ | " Ventilation/Pumps/IT
Cooling
80 B Equipment,Lighting, Hot
Water
60 - M Heating
40
20+
04

Calculation Measurement
Figure 1-11: Primary energy in kWh/m? GFA—compamtineasurements and calculations.

The primary energy factor used for district heatisgl.1 kWh/kWh and for electricity is 3.5
kWh/kwh.

The energy consumptions of the individual partstted HVAC system (pumps, humidification,
reheating after dehumidification, etc.) are disrdgd in the calculations.
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1.8 Conclusions

The simulation results which included details sashbuilding use, equipment, lighting type and use,
agree well with the measurements. Small variationghe results from case study are due to

differences between the annual reference year Wifile and the actual climate. The results of this

analysis suggest that very good agreement is abiewhen exact input data are available, espgciall

building occupancy patterns and activities. It ééammended to run a series of variations using
different potential building use and equipment sc&Es to estimate a range of energy uses in the
building during the design phase as the actuatimgluse and equipment is unknown.

1.9 References

[1] Korjenic, T. Bednar: "Validation and Evaluation Bhergy Use in Office Buildings - A Case
Study"; Automation in Construction, 23 (2012), 8.-670.

[2] GRUNBERGER, H. 2009Gelebte Zusammenarbd®nline]. Melk: Stadt Melk. Available:
http://www.melk.gv.at/system/web/news.aspx?detait@R0382533&sprache=1[Accessed 3
September 2012 2012].

162



2. BEL-01: Office building in Belgium
Roberto RUIZ (*), Stéphane BERTAGNOLIO, Vincent LENRT

2.1 Building introduction

Studied building corresponds to an office buildimigich accommodates the facilities of the European
commission for energy and transport. It is locatBrussels, Belgium, specifically at Rue de Mot 28
1040 Brussels. For this reason, is commonly c&léd 28”.

Figure 2-1: Exterior scene of DM 28

DM 28 was built in the 70's and was largely refgt@d in 1998. The refurbishment included a
complete modification of the HVAC system and a satmn of the facade and of the indoor space.
The building was recently awarded with an energyopeance certificate (see Appendix 2.7.1) with a
mark of D+ (i.e. just above the average for simbaildings in Brussels area), corresponding to an
annual primary energy consumption of about 316 kW¢h/r and annual COemissions of 54 kg
COJ/m>.
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Figure 2-2: Location of DM 28
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According to weather conditions, Belgium has a terafe maritime climate influenced by the North
Sea and Atlantic Ocean, with cool summers and nadeevinters. Since the country is small there is
little variation in climate from region to regioalthough the marine influences are less intand

The heating degree days (18 C) are around 314&awithg degree days (18 C) are approximately
130 year round. Monthly average climate data iswshdn Table 1 and daily average ambient
temperature and humidity is shown in Figure 2-3.

Table 1: Climate data of Brussels

Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec Year

Average high(C) 5.7 6.6 104 142 181 206 230 226 19.0 147 95 6.1 14.2
Daily mean (C) 33 37 6.8 9.8 136 16.2 184 180 149 111 6.8 39 105
Averagelow (C) 0.7 0.7 3.1 53 9.2 119 140 136 109 7.8 4.1 16 6.9
HDD1g¢c 481 420 381 284 174 103 65 70 123 236 364 447 3148
CDDsgc 0 0 0 1 11 24 45 41 8 0 0 0 130

Note: Data presented in Table 1 correspond to U¢city located in the suburbs of Brussels). Datkatiee to
average temperatures and relative humidity wereaeted from the website of Royal Meteorologicalitnst of
Belgium (RMI). HDD and CDD were calculated from tnfiy& obtained from TRNSYS weather library.

Average Ambient [C]

Average Humidity [%]

120

100

-20

& & o Foadd O o b R o o
W \S \ﬁ\ \,V‘Q \,{\ W W N N \,O \X\“ \,0

Figure 2-3: Average ambient temperature and humidiimate data of Uccle

1 hitp://www.weatheronline.co.uk/reports/climate/Betg.htm
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2.2 Building specification

22500
Main Orientation ;. SW-NE
Height : 309m

oo Length : 548m
Depth 0 229m
Floors ;13
Indoor Height : 2.8t03.55
Conditioned Floor Arez : 11277 m
Net Floor Area o 11277 M

54800m Gross floor area ;18700 M

Figure 2-4: External dimensions

DM 28 comprises 10 storeys above ground and 3 gnolend. Basement levels -3 to -1 mainly
include parking areas. The ground floor (level iludes the entrance hall, a library, some meeting
rooms and offices. Levels +1 to +8 mainly includfice cells. In level +9 are placed all the teclahic
rooms.

At each office level, the core zone is split in tparts and has a similar composition. It include®ses
utility areas (stairs, elevators, sanitary, storagjichen, copy rooms, etc.). Peripheral zones are
separated by light walls (plaster boards) whilecones walls are mainly heavy concrete walls.
Figure 2-5 and Figure 2-6 show two plants of thiéding corresponding to ground anli foor.

Slorage Dz | Office Archeves Cifice | Office Wty Letneg Hestrg

e

Slars Sandanes Sardaney =T

e
Hesirg Hall

Mlesting Mesting

Figure 2-5: Ground floor layout (Level 0)

2 2.8 m from the floor to ceiling panels and 3.5%is total indoor height
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Copy Sanitaries Stairs Archives

Elevators
Elevators

Archives Stairs Sanitaries

Figure 2-6: Typical intermediate floor layout (Lé\&

HVAC system comprises heating plant (3 gas boile®dling plant (2 water cooled chillers and their
respective cooling towers), ventilation system (9Us for different purposes), terminal units (FCUSs)
and 2 air heaters located in parking spaces. Figirrehows a simplified scheme of HVAC system. A

detailed description is provided in chapter 2.5.

J
i ) N AHUs .
- #1 1o #5 [~
Water Cooled
Classical Chiller
Boilers e (2 units)
X /- ™
(2 units) Air Heaters V[P
v (Parking Space) k ,.’l =
.-/,.
A f |
|I .lI \ I'.
J L
- b N FCUs p
"1 frevels+1to+8) | Indirect Cooling Tower
(2 units)
Condensing
Boiler

Figure 2-7: Primary and Secondary HVAC configurati®@implified Scheme)

2.3 Energy consumption issue
Monthly natural gas and electricity bills are agble from January 2008 to, respectively, November

and September 2011.

Normalizing the annual consumptions by means ofniteindoor area (about 11277 m?), the natural
gas consumption varies betweed.2 and 95.3 kWh/m?/ywhile the total electricity consumption is
included betwee®5.7and97.3 kWh/m2/yrThese values are very near the average valugglptbat
the regional and national levels for the tertiaggter (Gas: 40 to 150 kWh/m2/yr and Electricity010

to 160 kWh/m?/yr; BBRI, 2001).
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2.3.1  Electricity consumption

Regarding to electricity consumption, only wholéldéing profile (quarter hour) for several years is
available. From these profiles, monthly electrigignsumption was obtained (see Figure 2-8).

Whole Building Electricity Consumption
[MWAh]
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W2008 W2009 m2010

Figure 2-8: Whole building electricity consumptidvonthly basis

Disaggregation on single consumptions was obtdiyeaipplying a calibration methodology proposed
and carried out by Bertagnolio (2012). See Figufe 2

Annual Electrical Consumption Dissaggregation

59 1% 1% 11% )
M Light-Off/Meet

6%

W Light-Circ/Park
B Appliances

22% BIT Room

14% ‘

24%

H Ventilation Fans
@ Pumping
@Liquid Chilling Package

@ Cooling Tower

16% OHVAC Aux
Figure 2-9: Annual electricity consumption breakaow
Table 2-2 provides information about annual siregéetrical consumptions.

Table 2-2: Annual electricity consumption breakdo®orresponding to year 2009.
Total Consumption EUI

(MWh) (KWh/m2/yr)
Lighting Off/Meet 121 10.7
Lighting Circ/Park 241 21.4
Appliances 175 15.6
IT Room 263 23.3
Ventilation Fans 154 13.6
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Pumping 66 5.8

Liquid Chilling Package 55 4.9
Cooling Tower 11 1.0
HVAC Aux 11 1.0
Annual 1097 97

Area used in EUI is Net floor area.

2.3.2  Cooling consumption

Cooling consumption is provided by means of a djsagation of the annual cold water demands (see
Figure 2-10). It is divided among its single consusn FCUs (North and South fagades) and AHU
(cooling call).

Annual Cold Water Demand

B FCU - North
B FCU - South
EAHU

45%

Figure 2-10: Annual cold water demand disaggregatio

According to Table 2-2, cooling consumption reachedhlue of 55 MWh/yr (4.9 kWh/ma/yr) in the
year 2009.

2.3.3  Heating consumption

Figure 2-11 shows the recorded values of the nlagia® consumptions. These values are not actual
“monthly” consumptions since the billing period mhg shorter or longer than the corresponding
calendar month. Despite this fact, the trend iy wbear and the natural gas consumption is strongly
related to the outdoor climate. The seasonal effecvery clear: peak consumptions occur in
December/January while the summer consumptiong/Aludust) are almost null (see Figure 2-11).
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Whole Building Natural Gas Consumption
[MWh]
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Figure 2-11: Monthly gas consumption

Figure 2-12 shows a disaggregation of the annualvater demand obtained by Bertagnolio, 2012.

Annual Hot Water Demand

19%

EFCU - North

B FCU - South
149 [ Heaters - Parking
‘0
B AHU - Preheat

EAHU - Reheat

37%

16%

14%

Figure 2-12: Annual hot water demand disaggregation
In the year 2009, whole building fuel consumptieached a value of 1075 MWh/yr (95.3 kWh/m?2/yr).

2.3.4  Energy flow demonstration

Considering energy flow through building, categer@ energy use and corresponding boundary is
defined as following:

1) Ed: energy delivered to the energy conversion systetside the building;

2) Et: energy delivered to the technical system ofhihiéding;

3) Er: energy provided by renewable energy systemgiated with the building for technical
systems;

4) Eb: energy consumed by end usages of the building.

According to the definition, the energy flow candemonstrated in Figure 2-11. The total electricity
consumption is 1097 MWhincluding 954 MWh on Eb boundary (for building requirements, i.e.
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lighting, appliances, IT room and ventilation) a8 MWh, on Et boundary (for technical system, i.e.
circulating pumps, liquid chilling package, coolitayver HVAC auxiliaries).

The annual cooling consumption is 54.8 M\benerated by the chiller plant of the buildindneT
annual heat consumption is 1075 MyVbenerated by the heating plant. Considering idiffeenergy
source cannot be summed up directly, electricityiveadent approach is commonly used to calculate
the total consumption, which is 1346 MW OIE.

[UNIT: kWhe] Et Technical System Eb Building Consumption
ELECTRICITY
(kwhe) ® > Pumps Lighting
1,096,782 65,807 361,938
Liquid Chilling .
Package Appliances
54,839 175,485
Cooling Tower IT room
10,968 263,228
1,345,838 HVAC Auxiliaries Ventilation
10,968 153,549
54,839
" FCUs
HEAT (kWhh) 354,719
1,074,906 AHUs
548,202
Heaters - Parking
171,985
Convwersion factor
1 MJ hot water= 0.2317 M3 equivalent electricity

Figure 2-13: Energy Flow Diagram of the Case Builgli
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2.4 Occupant behavior

This building has been part of a monitoring campaigrried out during 2010 and part of 2011. Some
information and conclusions provided by this repmotme from of the analysis of these measures
performed by Bertagnolio (2012).

2.4.1  Occupancy

The total number of occupants of the building ipragimately 350. Numerous office cells are shared
by two, three or four employees. No official infation is available on the occupancy rate of the
building.

Maybe the only one way to evaluate global buildoggupancy is by means of analyzing an hourly
profile of whole building electricity consumptiosde Figure 2-14).

Whole Building Electricity Consumption - [kW]
(Hourly Profile - Weekday)
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400~

4+

+ —+

o+

" i

300( . i : : s _

200 o % % R
£+
S

N
+
¥
+
T ; + =+ o+ o+ % E:
7# + + + _
woiééiéi . T I S 1+%i§5
¥ - L S :o:x oz i
*
0 | | | | | | | | | | | | | T | | | | | | | | [
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
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(Hourly Profile - Weekend)

jé%%ééé%%%%%%%%%%%f%%%%é%

| | | | |
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Figure 2-14: Hourly profile for whole building elewity consumption

Profiles described by blues dots (mean values)espond to an indirect representation of one day
building’s occupancy (week and weekends).

In both graphs is easy to recognize two periodst¢6B2h for weekdays and from 10h to 19h for
weekends and holidays). It corresponds to a “swottlallowance period” defined by BEMS system
where lighting fixtures manually operated can bédved ON or OFF.

In DM 28, working day starts at 8h until 18h duritigp week. It can be observed that the profile has
sort of symmetry during all the working day andéntered at 13h (lunch time).
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For weekend during “switch-on allowance period¢ trofile remains flat which allows inferring that
in this period, occupancy provides a marginal effec

2.4.2  Lighting use

In offices, lighting fixtures can be switched ori/b¥ the occupants during the “switch-on allowance
period” defined above. So, artificial lighting usges can vary a lot from one occupant to anothdr a
from one day/week/month to another. Figure 2-15nshthe average profile for a weekday deduced
from 4 weeks of data collected in 5 offices. Suotfife corresponds to offices that are occupied in
regular manner from Monday to Friday and should adlect, in an indirect way, the occupancy rate
of the considered offices. As expected, lighting daring weekend is null since it is not allowed by
the BEMS.

m Working Hours = Non-working Hours = Weekends
08:00 to 18:00 18:00 to 08:00

1400

Artificial lighting use in offices

100%
90%
80%
70%
60%
50%
40%
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Figure 2-15: Average (weekday) lighting use sub-
hourly profile in offices (blue) and derived hourly
profile (red)

Figure 2-16: Estimated weekly lighting electricity
consumption

It is also interesting to have a look to the estedalighting consumption for the zones were
measurements have been performed. Recorded opetiaties have been multiplied by the observed
installed lighting power (Figure 2-16).

In offices, about 18% of the consumption is dueperation of the lighting fixtures out of the notma
working period (08:00 to 18:00, Monday to Fridal)is likely that this consumption is mainly due to
forgetting switching off the lights at the end bktday so that the lighting stays on till the awdtm
switch off at 22:00. In the circulation area (opgedaby BEMS)), it is interesting to note that onB28

of the related consumption occurs during normalkingr period (08:00 to 18:00, Monday to Friday).
The remaining consumption occurs during nightswaedkends.
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2.4.3  Appliances use

Appliances electricity consumption has been moadaduring 5 weeks in 6 (daily) occupied offices

and in the copy room. Average normalized consumpgimfiles have been derived from these data
and are shown in Figure 2-17. As expected, the poersity in the copy room is largely higher than

in offices and reaches 35 W/m2. Peak power demsitffices is largely dependent on the zone and
can vary approximately between 3 to 10W/mz,

Considering the nominal power densities, distinotnmalized daily operation profiles have been

identified for the operation of electrical appliascin offices and copy room, during weekdays and

weekends.

40
T 35 e
E‘ "‘ ‘\‘rl’ )
> 30 rir N
w s A\
= L L
a 25 i \ - - Office 1
3 20 - | I N || — Office2
2 ! ~~Office 3
';;: 15 / —~Office 5
e ~Office 6
= 10 --- Copy room
=
[=15
<

(4]
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Time [hour]

Figure 2-17: Average appliances power density wesal zones

2.5 Detailed system description

2.5.1  Airsystem

Air system comprises supply and extraction air fiagdJnits (AHUS). In total, they are nine.
Five main AHUs (#1 to #5) serve the three main dokd zones of the building:

* The Entrance hall
» The ground floor peripheral zones (meeting zonffiees and library)

e The offices located at Levels +1 to +8

AHUs #1 and #2 serve the office cells located el +1 to +8. Both units are Constant Air Volume
(CAV) units and include a pre heating coil, an bdiec humidification system, a cooling coil, a
postheating coil, a supply fan and a return faifra&tion of the air extracted by these two unitsast

back to the parking levels -1 and -3.
AHUs #3 and #4 are Variable Air Volume (VAV) unésd serve the peripheral zones located at the

ground floor.
The fifth AHU (#5), serving the entrance hall, cistsin a small ventilation unit supplied with witéd

air extracted from the zone and a small fractiofregh air coming from the AHU3.
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Supplying and extraction Ventilation units working in

mode extraction mode
Coithria AHU #6
>ananes - —
AHU #1 &2 evels +0 15 +8 | (cav) |
I:CAV) Office cells :

Levels +1 to +8

AHU #7
(cav)
& -3 Porking levels |
AHU#3 &4
—
[VAV} Feripherical zgnes High Tension Transformer
Greuid Fidier {by thermostat)
AHU #8
Entrance Hall (CAV:I |
AHU #5
(CAV) -
Printshop . AHU #9
Ground floor g [ iCAV} |

Figure 2-18: Link between AHUs and zones they serve

Return Fan

------- e —

Preheating Adiabatic Cooling Postheating Main
Coil Humidifier Coil Coil Fan

Figure 2-19: Scheme of components of AHU #1 and 2 iguré 2-20: AHU #1 '

For the four ventilation units which work in exttam mode, AHU #6 extracts about 8200 m3/h from

sanitaries of levels 0 to +8.

The AHU #7 extracts a mix of vitiated and fresHilirated) air from the three parking levels in erd
to maintain them at an acceptable temperature iamgiality level. The intermediate parking leve?)-
is also equipped with two large hot water fan cwiits (70.5 kW each) in order to avoid freezing ris
of the fire safety piping system.
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The small AHU #8 is used only to ventilate the highsion transformer with fresh outdoor air and is
directly controlled by a thermostat. The AHU #%asally dedicated to the print shop located at the
ground floor.

Nominal supply and exhaust air flow rates of theenientilation units are summarized in Table 2-3.

Table 2-3: AHUs setpoints

Min

SuFlow ExFlow Tsu-10 Tsu +10 RH
AHU Zone Type Fresh

m3/h m3/h % °C °C %
1 Offices CAV 12660 9000 100 25 20 50
2 Offices CAV 12480 8960 100 25 20 50
3 Ground floor VAV 12565 8430 30 25 19 50
4 Ground floor VAV 11890 10250 30 25 19 50
5 Hall CAV 3500 3500 6 (AHU3) Thermostat (min. 16°C) -
6 Sanitaries CAVY 0 8200 0 - - -
7 Parking CAV 0 37600 O - - -
8 Elec. Box CAV - - 100 - - -
9 Printshop (0) CAV 0 2700 0 - - -

The main characteristics of the AHUs componentdlave in the as-built documents are summarized
in Table 2-4.

Table 2-4: Air handling unit components and sizes

A ExFan Econo PreH Humid. Cool PostH SuFan
kW - kW - kW kW kW
1 2.2 No 182.5 85% eff. 98.5 23 5.5
2 2.2 No 180 85% eff. 97 23 5.5
3 2.2 Yes 25.5 85% eff. 64 20 5.5
4 3 Yes 23 85% eff. 60 20 5.5
5 No No No No 14 17.5 1.1
6 2.2 No No No No No No
7 11 No No No No No No
8 0.5 No No No No No No
9 0.75 No No No No No No
Total 24.05 - 411 - 333.5 86 23.1

2.5.2  Local heating and cooling (Terminal units)

The peripheral zones located at the ground floereguipped with VAV boxes controlling the supply
air flow rate. Hot water convectors are installécing the external walls (one per 2.4m of fagade
provide local heating to the peripheral zones. Dgobf the zones is ensured by increasing the suppl
air flow. In a few zones, some electrical reheatdschave been added to ensure backup heating if the
capacity of the hot water convectors is insuffitiéhhas to be noticed that these additional eleat

coils operate a very limited number of hours parye

Table 2-5 provides information about operation ¢towls of VAV boxed located at ground floor.
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Table 2-5: Ground floor VAV boxes

VAV Boxes Supply Exhaust Electrical coll
Ground AHU  Min Max Nbr  Min Max Nbr  Pwr Nbr
floor m3h  mdh - m3/h m3/h - W -
Office 1 3 28 280 1 23.2 232 1 - -
Office 2 3 139 1390 2 1155 1155 2 - -
Meeting 30 3 202 2020 2 1675 1675 2 4000 2
Office 3 3 26.5 265 1 22 220 1 - -
Printshop 3 120 1200 2 - - - - -
Storage 1 3 222 2220 1 195 1950 1 - -
Storage 2 3 60 600 1 50 500 1 - -
Office 4 3 67.5 675 1 56 560 1 - -
Total 1326 — 13260 m3/h 912.2 - 9122 m3h 4000 2

. 121 1210 1 106 1060 1 2500 1
Meeting 40 4 182 1820 2 160 1600 2 4000 2
Meeting 20 4 222 2220 1 195 1950 1 4500 1
Meeting 4 165 1650 1 145 1450 1 - -
Meeting 4 675 675 1 59 590 1 1500 1
Meeting 4 675 675 1 59 590 1 1500 1
Meeting 4 162 1620 1 142 1420 1 - -
Total 1169 - 11690 m3/h 1026 - 10260 m3/h 18000 6

Peripheral zones at levels +1 to +8 are equippékl vértical concealed 4-pipes heating/cooling fan
coil units (one per fagade module of 1.2m width).

Figure 2-21: Concealed vertical fan coil unit

2.5.3 Hot water system

Hot water production is ensured by three natura lgailers (Table 2-6) of 465 kW each. Two
classical boilers (#1 and #2) provide hot watethi®s AHUs heating coils and to the two air heaters
located in the parking space. The third boiler mbadensing boiler and provides hot water to al th
FCUs installed in the office zones (levels +1 tQ.48 normal operation, the two hot water networks
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are decoupled (Figure 2-23) and the isolating \sabwe closed. Boilers nominal efficiencies are igive
in Table 2-6.

Table 2-6: Hot water boilers

Name Fuel Brand Type Nominal Pwr LH.V
Effic.
Boiler 1 Natural gas Ygnis Optimagaz E465 - Classici 465 kW 92 — 95%
Boiler 2 Natural gas Ygnis Optimagaz E465 - Classici 465 kW 92 — 95%
Boiler 3 Natural gas Ygnis TBT E465 - Condensing 465 kW 96 — 104%
The characteristics of all the hot water pumpssaremarized in Table 2-7.
AHUs + Parking FCUs
739 kW
% \
I X
- )
0 0 425 W
L—<
Boiler 1 Boiler 2 Boiler 3
465 KW 465 kW 465 kW

Figure 2-22: Hot water production plant Figure 2:230t water production plant components

Table 2-7: Heating plant water pumps

Name Type Flowrate (m3/h) Power (W) Description
PC1 WILO TOP-S 50/7 22.2 375-470-610 Boiler 1

PC2 WILO TOP-S 50/7 22.2 390-500-650 Boiler 2

PC3 WILO TOP-S 50/10 22.2 495-660-850 Boiler 3

PC4 WILO TOP ED 40/1-10 10.2 30-570 FCUs

PC5 WILO TOP ED 40/1-10 10 100-600 FCUs

PC6 WILO TOP-S 65/13 32 1450 AHUs & others
PC7 WILO TOP-S 30/10 9.67 205-290-395 AHUL1 PreH coil
PC8 WILO TOP-S 30/10 9.46 205-290-395 AHU2 PreH caoil
PC10 WILO RS25/50 r 1.12 38-48-60-74 AHUS3 PreH coil
PC11 WILO TOP SD 32/7 2.05 90-130-200 Convectors (0)
PC12 WILO RS25/50 r 1.03 18-31-48 AHU4 PreH coil
PC13 WILO TOP SD 32/7 1.6 90-130-185 Convectors (0)

2.5.4  Chilled water system

Chilled water production is ensured by two watesled chillers of 512.4 kW of cooling capacity each
(Figure 2-24). The nominal EER of these compon&ngbout 4.27 (Table 2-8). Two indirect contact
cooling towers equipped with two speeds fans enth@eooling on the condenser side (Figure 2-25).
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The main characteristics of all the pumps and @tous ensuring chilled water circulation are given

in
Table 2-9.

Table 2-8: Cooling plant components

Compressor / Fan

Nominal Absorbed

Name Brand Type Power Temperatures Power Power
7/12°C

i 12.4 120.1
Chiller 1 Trane RWTA 215 2 X Screw 20/34°C 5 0

. 7/12°C
Chiller 2 Trane RWTA 215 2 x Screw 20/34°C 512.4 120.1
Tower 1 BAC  Balticare VFL 963-O Two speeds 34/29°C 665 kW 7/30 kW
Tower 2 BAC  Balticare VFL 963-O Two speeds 34/29°C 665 kW  7/30 kW

Figure 2-24: Water-cooled chilling package

Chiller 1

512 kW

h) Chiller 2

512 kw

v

A

Figure 2-25: Chilled water production plant

components
Table 2-9: Cooling plant water pumps

Name Type Flowrate (m3/h) Power (W) Description
PF1  WILO IPn 100/200-3/4 87.5 3100 Chiller 1 — Evaporator
PF2  WILO IPn 100/200-3/4 87.5 3100 Chiller 2 — Evaporator
PF3  WILO IPn 100/160-7.5/z 123.8 7500 Chiller 1 - Condenser
PF4  WILO IPn 100/160-7.5/z 123.8 7500 Chiller 2 — Condenser
PF5  WILO IPE 65/4-20 55.4 3900 FCUs
PF6  WILO IPE 65/4-20 49.9 3800 FCUs
PF7  WILO IPE 80/125-3/2  49.7 3800 AHUs
PTR1 Balticare 87.12 2200 CT1 — spray pump
PTR2 Balticare 87.12 2200 CT2 — spray pump
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2.7 Appendix
2.7.1 Energy performance certificate

Energy performance certificate delivered in 2010.

REMON DE BRUXELLES-CAPITALE

NR20  NA MADIITE CT TDAMSDADTO

valide jusqu'au 13/12/2011 Superficie : 11277 m?

. Performance énergétique du batiment (PEB)

Trés économe

Services administratifs et techniques

Trés énergivore

Consommation annuelle par m* [kWhEP/m?/an] 316
. Consommation totale du batiment
Consommation des 3 derniéres années Consommation totale [kWhian] ‘ 2.1 09.279
2.000 160.000 répartition
-4 A
1.600
1400 120.000 Electricité Combustible
100.000 53% 47%
1.200
1.000 2 2 £0.000 Achat d'electricité verte o
800 = =
5 s 60.000 Energie produite ici par
600 2 2
400 'g 'g 000 Eanrjea_uxfsolaires a
200 S ] 20.000 ogenération a
: [
2007 2008 2009 Dépense totale [euros/an] ‘ 138.012,00
. Emissions CO,
Emissions annuelles de CO2 par m2 [kg CO2/m2/an] ‘ 54
PEU BEAUCOUP
'S
. Recommandations
Température intérieure recommandée: 19-21 C
Les 3 recommandations les plus intéressantes pour améliorer la performance énergétique:
1. Isolation des alléges
2. Mise a l'arrét des aérothermes des parkings
3. Campagne de sensibilisation concernant les vannes thermostatiques dans les bureaux
Pour plus d'informations: Bruxelles Environnement - Service INFO - 02/ 775 75 00 Certificat PEB N°: P101214-00001
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3. CHN-01.: Office building in China

3.1 Building introduction

WORKING

Figure 3-1: Location of One Island East

The building is the 6th skyscraper over 1,000305 m) completed in Hong Kong. Part of the site was
previously occupied by Melbourne Industrial Builgif23 floor office tower demolished 2005) and

Aik San Factory Building (22 floor commercial buid demolished 2005) which were acquired by
the developer in 2002 and 2001 respectively.

Table 3-1: Climate data of Hong Kong

Jan | Feb| Mar | Apr | May | Jun | Jul | Aug| Sep | Oct | Nov | Dec | Year

Average high

(C) 18.6| 18.6| 21.5| 25.1| 28.4| 30.4| 31.3| 31.1| 30.2| 27.7| 24.0| 20.3| 25.6

Daily mean {C) 16.1]16.3|18.9| 225 25.8|27.9|28.7|28.4|27.6| 253 21.4|17.8| 23.1

Average low C) |14.1| 14.4|16.9| 20.6| 23.9 | 26.1| 26.7| 26.4| 25.6| 23.4| 19.4| 15.7| 21.1

HDDG65F 16615 | 32 17 8 4 193

CDDG65F 5 74 | 139|204 | 450 | 546 | 631 | 541 | 508 | 405 | 147 | 67 | 3717

Hong Kong is a humid subtropical climate. The hepatiegree days (65F) is around 193, and cooling
degree days (65F) is approximately 3717 year roMtwhthly average climate data is shown in Table
3-1 and daily average ambient temperature and hynisdshown in Figure 3-2.
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—Average Ambient (Deg.C) = —Average Humidity (%)
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Figure 3-2: Average ambient temperature and humidimate data of Hong Kong
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3.2

Building specification

One Island East is a supertall skyscraper thaidatéd in TaiKoo Place on Island East, Hong Kong.
The skyscraper is a commercial office building, pteted on March 2008, rises 298.35 (979 ft) and
has 69 stories of habitable office space and tvget@nt levels. There is a sky lobby on the 37th and
38th floors. In addition, there are 28 high speaskspnger lifts, 6 high speed shuttle lifts betwdaimn
(G-1F) and Sky (37-38/F) Lobbies, 1 passengebétiveen main lobby and basement carpark and 2
service lifts.

Table 3-2: Basic information of One Island Eastnigdong

Gross floor area

141,000 sgm

Typical lettable floor area (Fig. 2)

Approx. 21,089 ft (approx. 1,950 sgm)

No. of floors

68

Typical finished floor to false ceiling height

cidzeadroom 2.925m to 3.925m

Air-conditioning

Variable Air Volume system (VAWith Direct
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Digital Control (DDC)

28 passenger lifts, six shuttle lifts, two servjce

Lifts lifts and one carpark lift

Dedicated 24-hour chilled water supply with

Computer room cooling backup generator

Accessible carpark spaces 1,420

ONE ISLAND EAST
TYPICAL FLOOR PLAN

71 ] Lettable Floor Area:
Approx. 20,613 sg ft (1,915 sgm)

] Net Floor Area:
Approx. 19,171 sg ft (1,781 sq m)

Figure 3-4a: Typical floor plan of One Island East
=T

AAAAAAAAAA

One Island East has deluxe class office/commengith basement carparks consisting of the
following:

Table 3-3: Functional area information

184



Basement 2 to Basement 1

Loading/unloading arehglant rooms

G Floor Escalator lobby, fireman’s lift homing Ioplplant rooms
1 Floor Entrance Foyer

2nd floor to 19/F Zone 1 office floors, lift mackimoom at 2/F, 18/F&19F
20th floor E&M plant room, TPMO workshops

21st floor Refuge floor, FS plant rooms

22nd to 34th floor Zone 2 office floors

35th floor E&M plant room

36th floor E&M plant room & lift machine room

37th floor & 38th floor Sky Lobby

39th floor to 48th floor Zone 3 office floors, liftachine room at 41/F & 42/F
49th floor Refuge floor, FS plant rooms, A/C plamdm

50th to 67th floor

Zone 4 office floors. Lift maci® room at 56/F, 57/F&64F

Roof/upper roof

E&M plant rooms & Lift machine room

1/F in Cornwall house

Condenser water make-up ptoom

Roof in Cornwall house

Cooling tower plant rooms

Hoi Yu Street

Sea water pump room

Grand Lobby at 1/F, OIE

Sky Lobby at 38/F, OIE

1§ &
3" ] :
- i .
Sky Lobby at 37/F, OIE

Elevator hall of each floOtE
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3.3 Database description by the definition of Subtask A

SUBTASK B: DATABASE OF A LARGE-SCALED OFFICE BUILING IN CHINA

Following File “Three Level Database Definitions foffice Buildings” in Subtask A

This file follows the definition of subtask A, deing the influencing factors and energy use indghre
level database of a typical large-scaled officdding in Hong Kong, China. For the detailed level B
and C, the relevant excel files are attached.

NOTICE: The information of the case study officaltimg in China following the STA definition
format is written in RED characters.

ACKNOWLEDGEMENT: All of the case building informatn is provided by Swire Properties Ltd.,
Hong Kong. Sincerely thanks for the supportinghaf Technical Service & Sustainability Department.

3.3.1 Simple version — Level A database

In the simple version, climate, whole building dmeristics, building envelope, building services,

and input into energy performance indicators afandd.

3.3.1.1 Climate

Code Item Definition Annual (Acceptable)
HDD65E Indicate the heating degree193
111 days (65F)
o Indicate the cooling degrge
CDD65F days (65F). 3717
3.3.1.2 Whole building characteristics
Code| Item Definition Case building
1.2.1 | Year built Indicate year built in the format 19XX ()r2005
20XX.
1.2.2 Number - of Indicate the number of floors. 68
floors
Number of| Indicate the number of companies occupyir}jgi
1.2.3 . -
businesses | the building.
The floor area of conditioned floor space,|as
Conditioned| measured at the floor level within the exterpal
1.2.4| or heated surfaces of walls enclosing the conditionet41000 sgm
floor area | space. It includes the attached space, sugh as
basement, attic, if they are conditioned.
Gross floor area is calculated includipg
Gross floor
1.25 external walls. The attached space should alls$1000 sgm
area ) :
be included, such as basement, attic, etc.
Tvpe of Indicate the type of building: 1) Governmegnt
1.2.6 bzirl)din office; 2) Business/professional office; B2
g Multi-use complex; 4) Other
1.2.7 | Other Garage/ data center/ food sales/ seryice/a Dat
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n

1%

uilding shopping ma retail/  corridor/ lobby/center/corridor/lobby/restroor
buildi hoppi I/ il/ idor/ lobby/ /corridor/lobby/
activities restroom/ parking/ storage/ vacant/ other
3.3.1.3 Building envelope
Code| Item Definition Case building
1) Office area:0.5 air changes
for perimeter zone of 3.6
Buildi ) meters deep;
1.3.1| DUtaIng ary i change rate provided in times/hour. | 2) Toilet: 15 air changes per
tightness hour:
3) M&E room: 10 air changes
per hour.
o . Windows: triple glazing-single
13.2 | Material Thls mcludes_ walls, ceiling, floor andglazing+cavity wiblind + doubl
window materials. lazi
glazing.
1) Office floors
- Triple glazing=1.12 W/(m2K)
_ o - Spandrel=0.68 W/(m2K)
Provided for all of the building enveldp Roof=1.15 W/(m2K)
1.3.3 | U-value materials (wall, ceiling, windows, etc.)z) Podium.floors
using the units: w/(m2*k). - Glazing=5.6 W/(m2K)
- Spandrel=0.68 W/(m2K)
- Podium roof=1.15 W/(m2K)
Select one of the following: 1) 25 % or
i . 0/f- (V)] 0/ - (V)]
134 Wmdovy to| less; 2) 25% 354, 3) 35%-45%; 4) mdrg (77%)
wall ratio than 45%. This should exclude the rgof
area.

3.3.1.4 Building services and energy systems

Code| Item Definition Cgsg
building
Type of central spacg
. o Heat
Space heating system (distrig Total .
. capacity of| No space
1.4.1 | heating -| steam or hot water aqrFuel type | power - .
. . e the building| heating
centralized | boilers inside the (w) W)
building)
Space Type of dece_ntrgl!zej Total
. space heaters (individu aIF Heat No space
1.4.2 | heating - uel type | power . .
: space heaters, furnaces|or capacity (w) | heating
decentralized . . (w)
other heating equipment
Alr Type of central aif Total Coolin
1.4.3 | conditioning C())/rF\)ditionin svstems Fuel type | power ca acitg W) YES
- centralized g sy ' (w) pactty
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Water side: chilled wate
system for normal ang
essential cooling

Air side: Air Handling
Unit + Primary Air Unit
+ VAV system

=

electricity

Refer to Table 3.4.

Air
conditioning | Type of the decentralized Total Heat/cooling No :
144 . " Fuel type | power . decentralized
- air conditioners. capacity (w)
. (w) AC
decentralized
Type of centralizeg Total
yp_ . Fuel type | power YES
ventilation system w)
Ventilation -| 1) Toilet exhaust and
1.45 )
centralized general exhasut
system for office electricity | Refer to Table 3.4.
floors
2) Carpark ventilation
Ventilation - Total No
1.4.6 . Type of local fans Fuel type power decentralized
decentralized o
(w) ventilation
Types of lighting
(incandescent bulbs, Total Zlaea;cit of
fluorescent bulbs| Fuel type | power pacity ol veg
the building
compact fluorescent (w) W)
1.4.7 | Lighting bulbs, and other bulbs)
65
Compact ﬂuorescemelectricit VYL/jr:Z Refer to
bulbs in majority Y| P Table 3.4.
small
power
Total Refer to
Type(s) of appliances Fuel typeE)V(\j;/ver Table 3.4. YES
1.4. | Office 65
"7 | appliances
i ;:correnepr:J ter,rinter Iigt?selectricit Wim2 | Refer 0
» P ’ PIer, y plus Table 3.4.
etc. .
lighting
Types of othel
equipment used in the
buildin (kitchen Total
1.4.9 | Other N Fuel type | power YES

appliances, water heating

appliances, elevator,
security monitors, etc.)

(w)
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3.3.1.5 Building operation
Code| Item Definition Case building
Typical business hours
151 Business on weekdays) 1) 8.6 hours on weekday
7| Hours weekends and 2) 0.4 hours on weekend
holidays.
Typical occupancy during business hours
100%
90%
Number of employeep 80%
at the office during 20% -
business hours, nof- 3 oo
Occupanc . g ot
152 pancy business hourg & s50%
schedule . 3
(overtime and g 40%
weekends) anl  30%
holidays. 20%

10%

0%
0:00

6:00 12:00 18:00 0:00

3.3.1.6 Input into energy performance indicators
Building energy use can be expressed in the theges according to attachment 3, which are:
(1) Energy use of each energy resource,

(2) Aggregation of energy of primary energy, eqlémnaelectricity, and equivalent CO2 emissions,

(3) Normalized energy use in the above two appresch
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Cod ltem Definitio | Frequenc Case building
e n y
Indicate | Annual 1) Annual total: 22.5 million kWh electricity
the (acceptabl ) ¢\ 150 8 kwhe/(m2.a)
energy |[le)
use of Monthly electricity consumption:
1.6. | Step 1: Energy each Jan | Feb| Mar | Apr | May |[Jun
1 carrier energy Monthly Million 1.36| 1.47| 1.36| 1.56| 1.75||2.15
resource.| (preferre || kWhe
d) Jul | Aug| Sep | Oct | Nov |[Dec
Electricit Million 2.35| 2.50| 2.57| 2.04| 1.87 |[1.54
y kWhe
| Provide 1) Primary energy=61.3 million kWh
1.6. i;egpregation if the '(A\ar::r(]:léi)ltab 2) Equivalent electricity=22.5 million kWhe
2 energy aggregati le) 3) Equivalent CO2 emission=15700 tonne-CO2
on of (Conservion factor: 1 kWhe=0.6956 kg-CO2).




energy of

1) Monthly primary energy

primary Jan | Feb| Mar | Apr | May |[Jun
energy, Million kwh | 3.69| 4.01| 3.71| 4.25| 4.78 ||5.86
equivale Jul | Aug| Sep | Oct | Nov ||Dec
nt Million kWh | 6.39| 6.82| 6.99| 5.57 | 5.09 ||4.20
electricit 2) Monthly equivalent electricity
y, and Jan | Feb| Mar | Apr | May |[Jun
equivale Million 1.36| 1.47| 1.36| 1.56| 1.75 |[2.15
nt  CO2| Monthly || kwWhe
emiSsion | (preferre Jul | Aug| Sep | Oct | Nov ||Dec
S. d) Million 2.35|2.50| 2.57| 2.04| 1.87 |[1.54
kWhe
3) Monthly equivalent CO2 emissions
Jan | Feb| Mar | Apr | May |[Jun
Thou. 0.94]1.02| 0.95|1.09| 1.22{|1.50
Tonne-CO2
Jul | Aug| Sep | Oct | Nov |[Dec
Million 1.63|1.74| 1.78| 1.42| 1.30 |(1.07
kWhe
Normaliz
ed
energy
16 Step :| use using Annual
3' " | Normalized the (acceptab| Refer to the following energy flow chart.
energy use above le)
two
approach
es
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[UNIT:mill kWhe] Et Technical System Eb Building Co
ELECTRICITY o
(mill kwWhe) ) .
> Chiller Ligh
22.53 7.81 3.
Chilled water pump Appia
1.07 1.1
Condensor water pump Service+Ted
0.84 0.9
Cooling tower Ventil
Ed 1.06 Exhaust Fans
Air Handling Unit
HEAT (kWhn)
3.70 42
0.00 Hg
Primary Air Unit 0
1.87
DH
0.

3.3.2 Intermediate version for office buildings — Level Bdatabase

The intermediate version is more detailed and oetumore items, when compared with the simple
version. It defines the influencing factors of sewategories: climate, indoor thermal environment,
building characteristics, building envelope, builgliservice and energy system, building operatiah an
occupant behavior, and indirect factors. In eadlegmy, the important items that affect energy use
are listed and defined.

3.3.2.1 Climate and indoor thermal environment
The following table lists the items used to deseitbe climate and indoor thermal environment. For
each item, the measured frequency and locatiodefieed.

Code| Item Frequency Location Case building
Monthly (preferred) N/A YES
HDD18°C
211! and Jan | Feb| Mar | Apr | May | Jun | Jul | Aug | Sep| Oct | Nov | Dec

CDD26°C HDD65F | 116|15 |32 | 17| O 0 0 0 0 0 8 4
CDD65F | 5 74 | 139] 204 | 450 | 546 | 631 | 541 | 508 | 405 | 147 | 67

Daily (preferred) or monthly Provide weather data
219 Weather (acceptable) (Indicate if hourlyincluding ambien{ Monthly
7| data weather data are availabléemperature, humidity, andHourly (available)
(yes/no)). direct/diffuse solar radiation at
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the nearest weather station.
Indoor Daily (preferred) or seasonalmdlcaIte the mdoo;
. | temperature for each HVAC .
2.1.3 | temperaturel weekday/weekend or day/mgh% Not available.
°C) (acceptable) zone (preferred) or the whole
P ' building (acceptable).
. Indicate the indoor humidit
Daily (preferred) or seasongl
Indoor . [Jor each HVAC zonq .
214 - weekday/weekend or day/nigh Not available.
humidity (acceptable) preferred) or the whole
P ' building (acceptable).
Indicate the indoof
indoor Daily (preferred) or seasonaljllumination for each
2.15(. o weekday/weekend or day/nighfunctional zone (preferred) grNot available.
illumination o
(acceptable). the whole building
(acceptable).
3.3.2.2 Whole building characteristics
Code | Item Definition Case building
221 | Year built Indicate year built in the format 19XX ()r2005
20XX.
2.2.2 Number  of Indicate the number of floors. 68
floors
The floor area of conditioned floor space,|as
. measured at the floor level within the
Conditioned external surfaces of walls enclosing th
2.2.3 |or  heated " . g félooo sgm
conditioned space. It includes the attaché
floor area o
space, such as basement, attic, if they|are
conditioned.
Gross floor area is calculated including
294 Gross floor| external walls of the bwldmg. The attaChef41000 sqm
area space should also be included, such| as
basement, attic, etc.
Number of| The number of companies occupying I”§=7
2.25 . -
businesses | building.
Number of
2.2.6 | employees Not available.
per business
Tvpe of Indicate the type of building: 1) Governmgnt
2.2.7 bEJ/iFI)din office; 2) Business/professional office; B2
g Multi-use complex; 4) Other
Other Garage/ data center/ food sales/ serviqs/
. . . ) ata
2.2.8 | building shopping mall/ retail/ corridor/ lobby/ .
- : center/corridor/lobby/restrooin
activities restroom/ parking/ storage/ vacant/ other
2.2.9 | Ownership Indicate whether the home or apartns: 1) 1
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rented; 2) owned; 3) leased

2.2.10

Net floor

area

Calculated using the internal dimensi
building.

ons %)3259 sgm

2211

Gross floor
area

occupied by
each activity

Not available.

2.2.12

Building
geographica

position

Provide the longitude, latitude and ASL.

N: 22.3° E: 114.2°
ASL: Not available.

3.3.2.3 Building envelope

174

1%

Code| Item Definition Case building
1) Office area:0.5 air changes for
perimeter zone of 3.6 meters
e . . . deep;
531 Bundlng air Alr Change Rate provided mz) Toilet: 15 air changes per
tightness times/hour. hour;
3) M&E room: 10 air changes
per hour.
. This includes walls, ceiling, floor andWIn(.jOWS: tr!ple g!azmg-smgla
2.3.2 | Material . . glazing + cavity w/blind + doubl
window materials. :
glazing.
1) Office floors
- Triple glazing=1.12 W/(m2K)
. o - Spandrel=0.68 W/(m2K)
Provided for all of the building envelgp Roof=1.15 W/(m2K)
2.3.3 | U-value materials (wall, ceiling, windows, etc.)z) Podium floors
using the units: w/(m2*k) - Glazing=5.6 W/(m2K)
- Spandrel=0.68 W/(m2K)
Podium roof=1.15 W/(m2K)
Comprehensive
534 shad?n.g This cap also be solar factor and shougjczol19
coefficient  of| be provided.
the windows
Select one of the following: 1) 25 % opr
Window to| less; 2) 25%-35%; 3) 35%-45%; #
2:3.5 wall ratio more t%an 45%. This)should echudZAer (77%)
the roof area.
The ratio of surface area that [is
exposed to the outside area to t@urface area=49504 sqm
2.3.6 | Shape factor | enclosed volume, and the surfac«gl:zo.1 '
area does not include the floor arga,
door area and internal wall area of the
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stairwel

s  without

heating.

district

spa

3.3.2.4 Building services and energy systems (Refer to TabB.4)

Cod | Item Definition Individu | Centraliz
e al office | ed office
2.4. | Space Type of central Number of| Fue | Total | Heat Floor N/A X
1 heating  -| space heating systems I powe | capacity of| area of
centralized | system  (district typ | r (w) [ the building| zone
steam or hot water e (w) served
or boilers insidg by each
the building) type of
system
2.4. | Space Type of | Number of| Fue | Total X X
2 heating  -| decentralized each typq | powe
decentralize| system of heater |[typ [ r(w)
d e
2.4. | Air Type of central aif Number of| Fue | Total | Heat/ Floor N/A X
3 conditionin | conditioning systems I powe | cooling area of
g - | systems including typ | r(w) [ capacity off zone
centralized | (heat sources, cold e the building| served
sources,  chilled (w) by each
water pump, type of
cooling water| system
pump, AHU fan,
FCU fan, cooling
tower, pumps of
cooling storagq
system, heaf
exchanger, etc.)
2.4. | Air Type of the| Number of| Fue | Total | Heat/coolin X X
4 conditionin | decentralized aif each typeg | powe | g capacity
g - | conditioner of air | typ | r(w) | (w)
decentralize conditione | e
d r
2.4. | Ventilation | Type of | Number of| Fue | Total N/A X
5 - centralized system systems I powe
centralized typ | r(w)
e
2.4. | Ventilation | Type of local fans| Number gfFue | Total X X
6 - fans I powe
decentralize typ | r(w)
d e
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2.4. | Lighting Types of lightingl Number of| Fue | Total | Control X X
7 (incandescent lighting I powe | method
bulbs, fluorescent appliances| typ | r (w) | (photo/occu
bulbs, compact e pancy/scheg
fluorescent bulbs uling)
and other bulbs
including indoor
and outdoof
lighting
2.4. | Office Type(s) of| Number of| Fue | Total X X
8 appliances | appliances appliances| | powe
typ | r(w)
e
2.4. | Other Types of othef Number of| Fue | Total X X
9 equipment used inappliances| | powe
the building typ | r(w)
(kitchen e
appliances, water
heating
appliances,
elevator, security
monitors, etc.)
3.3.2.5 Building operation and occupant behavior
Part 1. Occupancy
Code| Item Space| Time Schedule Se't Case building
mode | mode point
Typical
business
. hours on
251 Business N/A N/A | weekdays, N/A 1) 8.6 hours on weekday
Hours 2) 0.4 hours on weekend
weekends
and
holidays.
Number
of
employees
at the
Occupancyj Oﬁ'?e . . .
252 N/A | N/A | during N/A | Typical occupancy during business hours
schedule .
business
hours,
non-
business
hours
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and

and

(overtime
weekends

holidays.

Occupancy

100%

90%
80%
70%
60% -
50% -
40%
30%
20%
10%

0%

0:00 6:00

12:00

18:00

0:00

Part 2: Technical building systems
In office buildings, both building managers and umants can control the operation of technical

building systems. Therefore, definitions of builglioperation and occupant behavior are suitable for
both building managers and occupants, and buildpegation and controls by both building managers
and occupants should be recorded.

Code | Item Space Time mode | Schedule Set point Ca_se_
mode building
Provide the
Select ong following: 1)
of the [ Select one of . g Provide the
. Running hourg L
following | the : : following:
: during business/non-
for space| following : 1) Set
: business hours far ’.
mode: 1)| for time ~J\point; 2)
. each season; 2)
Heating mode: 1) . Range of
. . Running hours oo
used in full| Heating useg . set points;
. ) .| during No space
2.5.3 | Space heating | space; 2) for full time; 3) If .
. . | weekday/weekend : heating
Heating 2) Heating possible
. hours for each . .
used in[ used part of _ indicate set
. season; 3) Hourp .
part of the| the time . points when
when indoor .
space (only when . occupied
temperature is st
(only people are at and
occupied | the office) back on unoccupied
" | weekday/weekend, |
space).
separately.
2.5.4 | Space coolin . .

P n9 Select ong Select one of Provide the| Provide thel YES
of the | the following: 1) | following:
following | following Running hourq 1) Set
for space| for time | during business/non-point;  2)
frode: 1) frode: 1) btstress—hotrs—F rRafge of
Cooling Cooling each season; 2)set points;
used in full used,fgg full Running hours 3) If
space; 2) time; 2) during possible
Cooling Cooling weekday/weekend indicate set



used in| used part of hours for each points when
part of the| the time| season; 3) Hourkoccupied
space (only when| when indoor| and
(only people are af temperature is sgtunoccupied,
occupied | the office). | back on
space). weekday/weekend,
separately.
Running hour ig
usually the same
during the year
7:00~19:00 Summer setpoint: 24 Ded.
1 5 If the company] 55% RH
needs overtimg Winter setpoint: 20
working, they will| Deg.,55% RH.
negociate with the
operator
individually.
Select one o}
the
following
for time Provide the
mode: b following: 1) Times
Ventilation ’
used for ful| ° ~ use ~on
N/A time: 2) weekday/weekend | N/A YES
Ventilation L and minutes pef
. Ventilation .
2.5.5 [ (mechanic) - used part of time; 2) Hours on
Toilet/kitchen . weekday/weekend.
the time
(only when
people are ir
toilet/office).
Toilet 5 7:00 AM ~ 19:00 PM.
12 hours per day during weekday and weekend.
Ventilation
2:5.6 | (mechanic) | Select ond Select one of Provide the| Power level| YES
basement/garage .
of the | the following: 1) [ used
following | following Number of hours
for space| for time | turned on during
IIIUdC. 1) IIIUdC. 1) VVCCIr\dayIIVVCCIr\CIId,
Ventilation Ventilation  2) Portion of
used in full used for full appliances running
space; 2) time; ! 2) on
Ventilation Ventilation  weekday/weekend



used in
part of the
space
(only
occupied
space).

used part of
the time
(only when
people are af
the office).

hours.

24 hours,
garage ventilation i
VSD controlled.

but the

2.5.7

Ventilation
(mechanic)
centralized
rooms

Select ong
of the
following
for space
mode: 1)
Ventilation
used in full
space; 2)
Ventilation
used in
part of the
space
(only
occupied
space).

Select one of
the
following

for time
mode: 1)
Ventilation
used for full
time; 2)
Ventilation
used part of
the time
(only when
occupied).

Provide the
following: 1)
Number of hourd
turned on during
weekday/weekend;
2) Portion of
appliances
on
weekday/weekend
hours.

running

N/A

YES

4 hours
Not available

2.5.8

Ventilation
(mechanic)
decentralized
rooms

N/A

N/A

Provide the)
following: 1) Times
of use per day; 2
Hours of use per da
in each season; 3
Time per season.

N/A

~— O~

No
decentralized
ventilation
rooms
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Lighting

Select ong
of the
following

for space

LAY

Select one of
the
following

for time

1)

Provide the
following: 1) Range
of running hours fof
business/non-

N/A

YES

LLLL®A® L8 J.}
Lighting
used in full
space; 2)
Lighting

IIIUdC. J.}
Lighting

l{SGdl@é full
time (24
hours); 2)

[ H [
MUOSITITOO TIUUTOS Al

weekdays/weekends;

2) Number of lights

on when occupied
and unoccupied and



used in| Lighting on weekday and
part of the| used part of weekend.
space the time
(only (only when
occupied | people are ir
space). the office, or
only at
night, etc.).
7:30~18:30 in the office area
90% lights on during the working hours |[in
1 2 weekday of the offcie area; less than 20% lightg on
during off hours in the weekday night (21:p0
PM~7:00 AM).
Select ong Select one of
of the [ the
following foIIowmg. Provide thel
for space| for time following: 1) Range
mode:  1)| mode: b of runnigr]{ hours ?or
Office Used for full| &' ™Nnind
. . business/non-
appliances| time (24 .
o business hours and
running in | hours, weekdays/weekends;
full space;| standby y T'N/A YES
. .| 2) Number  of
2) Office | when not in .
. ] appliances on whep
appliances| use); 2) .
. . . occupied and
Office running in| Used part of .
2.5.10 . . unoccupied and on
appliances part of the| the time
weekday ang
space (only when
. weekend.
(only in use, off
occupied | when not in
space). use).
“2" for
office area
and “1” for | Working hours during weekday: 8.6 hours
2 common More than 90% computers are turned off during|the
device such off hours in weedkay.
as  printer,
copier, etc.
Other (Cooking Provide the
appliances, following: 1) Range|
5511 Wate_r heating N/A N/A of running hours; 2 N/A YES
appliances, Portion of
elevator, appliances runnin
security monitor| weekday an
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system, etc.)

weekend.

Part 3: Windows, shading and curtains

Code | Item Spacq Time | Schedule Set | Case building
mode [ mode point
2.5.12| Windows N/A N/A Provide the following: 1) N/A | All of the external
Times of use per day and windows  cannof
minutes per use; 2) Houfs be opened.
open during day/night and
week/weekend.
2.5.13| Curtains/blinds| N/A N/A Provide the following: 1) N/A | 1time per day.
Times of use per day and 4  hours oper
minutes per use; 2) Houfs during the
open during day/night angd morning, and morg
week/weekend. than 6  hours
closed during thd
afternoon ang
night.

3.3.2.6 Input into energy performance indicators
Building energy use can be expressed in the theges according to attachment 3, which are:
(1) Energy use of each energy resource, fuel, redégt cooling and heating, and peak electric
demand
(2) Aggregation of energy of primary energy, eglémaelectricity, and equivalent CO2 emissions
(3) Normalized energy use in the above two appresch

. Case
Code | Item Definition Frequency Scope o
building
Step 1 Indicate fuel | Daily (preferred) or | Per end use
Fuel ) ) No fuel
2.6.1 | Energy . consumption in J, | monthly (preferred) or whole .
. consumption o consumption.
Carrier MJ, or GJ. (acceptable) building (acceptable).
Indicate electricity Not
0
consumption in J, | Daily (preferred) )
Per end use | available.
MJ or GJ.
(preferred) or whole
_— Refer to the
. monthly building (acceptable). ]
Electricity kWh following
2.6.2 . (acceptable)
consumption charts.
Jan Feb Mar Apr May Jun
AC Plant 452631 |[563258 |514904 |651138 |826841 1114854
Lighting &
) 383454 | 484964 | 426295 | 487229 | 495621 | 571825
appliances

200




2.6.3

AHU 303383 | 225402 | 224404 | 227680 | 235975 | 269330
PAU 155520 | 155520 | 155520 | 155520 | 155520 | 155520
Carpark
L 61622 42812 43062 38398 40026 39487
Ventilation
Jul Aug Sep Oct Nov Dec
AC Plant 1296515 | 1425237 | 1457763 | 1061554 | 837606 | 592833
Lighting &
. 467456 | 496695 | 531961 | 368163 | 493635 | 405034
appliances
AHU 384351 | 388103 | 391363 | 393634 | 324699 | 329973
PAU 155520 | 155520 | 155520 | 155520 | 155520 | 155520
Carpark
L 41454 39062.4 | 28952 65720 58212 60473
Ventilation
Indicate  cooling Per end use | Refer to the

consumption in J,
MJ or GJ.

Daily (preferred) (preferred) or whole

building (acceptable).

following
charts.

—Total Cooling Load (kW)

2.6.4

6000
5000
4000 -
2 3000 -
Cooling 2000 -
consumption
1000 -
0
1-1 1-15 1-29 2-12 2-26 3-12 3-26 4-9 4-23 5-7 521 6-4 6-18
Per end use | Refer to the
monthly .
kWhc (preferred) or whole | following
(acceptable) o
building (acceptable). | table.
Jan Feb Mar Apr May Jun
MWh, 2226 2540 2726 2959 3618 4270
Jul Aug Sep Oct Nov Dec
MWh, 4675 4621 4786 4297 3246 2723
) Indicate  heating | Daily (preferred) or | Per end use )
Heating No heating

consumption

consumption in J,
MJ or GJ.

monthly
(acceptable)

(preferred) or whole
building (acceptable).

consumption.

2.6.5

Peak
electric
demand

Indicate peak
electric demand in
W or kKW.

Daily (preferred) or
monthly
(acceptable)

N/A

Not
available.
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Provide the
aggregation of
energy of primary Per end use | Refer to the
energy, equivalent | Monthly (preferred) | (preferred) or whole | following
electricity, and building (acceptable). | table.
equivalent CO2
emissions.
1) Monthly primary energy
Jan |Feb | Mar | Apr |May | Jun
Million kwh 3.69 | 4.01 | 3.71 | 425 | 478 | 5.86
Step 2: Jul [Aug [ Sep | Oct [Nov [ Dec
2.6.6 | Aggregation Million kWh 6.39 | 6.82 | 6.99 | 557 |5.09 | 4.20
of Energy 2) Monthly equivalent electricity
Jan | Feb Mar | Apr | May | Jun
Million KWh ¢ 1.36 | 147 | 1.36 | 1.56 | 1.75 | 2.15
Jul Aug | Sep | Oct | Nov | Dec
Million KWh ¢ 235 | 250 | 257 | 204 | 1.87 | 1.54
3) Monthly equivalent CO , emissions
Jan | Feb Mar | Apr |May | Jun
Thou. Tonne- | 0.94 | 1.02 | 0.95 | 1.09 | 1.22 | 1.50
CO;
Jul Aug Sep | Oct | Nov | Dec
Million kWh ¢ 163 | 1.74 | 1.78 | 1.42 | 1.30 | 1.07
Factors .
Normalized Refer to the
Step 3: | related to ) Monthly (preferred) | Per end use
. energy use using energy flow
2.6.7 | Normalized | energy or annual | (preferred) or whole i
the above two o chart in the
Energy Use | performance (acceptable) building (acceptable).
o approaches. page 4.
indicators
3.3.2.7 Indirect factors
Code | Category Parameter Description Case building
2.7.1 | Social factors | E [ The price of unit Electricity: 103
7. ner rice e price of unit energy.
gy p p aqy HKD/KWh .2
Year 2009:*
o Electricity-53%
This is expressed as an average )
. ] Oil & Coal products-
2.7.2 Fuel mix percent of each energy source in oy
each city. ° ) )
Town gas & Liquefied
petroleum gas-15%
Gas popularization | The ratio of population using gas to
2.7.3 Pop P p _ ) 99 Not available.
rate the total population in the city.

3

https://www.clponline.com.hk/myBusiness/CustomerService/TariffOverview/BulkTariff/Pages/Default.aspx

* Source: Hong Kong Energy End-use data 2011, EMSD, Table 7.
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2.7.4 GDP per capita 36758 USD per capita
Subjective assessment of
consciousness of occupants of
Energy- . .
. energy  conservation. Potential
related Concern for saving ) o
2.7.5 ] survey categories: 1) Very | Subjective judgment=1
attitude of | energy
concerned; 2) Concerned; 3)
occupants .
Indifferent; 4) Not so concerned; 5)
Not concerned at all
Subjective assessment of
consciousness of occupants of
Energy- . . .
lated Concern for | environmental protection. Potential
relate
2.7.6 titud ; environmental survey categories: 1) Very | Subjective judgment=1
attitude 0
protection concerned; 2) Concerned; 3)
occupants .
Indifferent; 4) Not so concerned; 5)
Not concerned at all
3.3.3 Complex version for office buildings — Level C dathase
3.3.3.1 Climate and indoor thermal environment
. Case
Code | Item Frequency Location o
building
HDD d | Monthly (preferred) | Refer 1o
o an on referre or annua
3.1.1 e y P N/A Table
CDDggec (acceptable).
2.1.1.
Daily (preferred) or monthly | Provide weather data including Hourl
(acceptable) (Indicate if hourly | ambient temperature, humidity, Y )
3.1.2 | Weather data ] ) ) o data is
weather data are available | direct/diffuse solar radiation at the available
(yes/no)). nearest weather station. '
Indoor Daily (preferred) or seasonal, | Indicate the indoor temperature for Not
0
3.1.3 | temperature weekday/weekend or day/night | each HVAC zone (preferred) or the iiabl
available.
(°C) (acceptable). whole building (acceptable).
Daily (preferred) or seasonal, | Indicate the indoor ventilation rate Not
0
3.1.4 | Ventilation rate | weekday/weekend or day/night | for each HVAC zone (preferred) or ilabl
available.
(acceptable). the whole building (acceptable).
Daily (preferred) or seasonal, | Indicate the indoor humidity for each Not
0
3.1.5 | Indoor humidity | weekday/weekend or day/night | HVAC zone (preferred) or the whole ilabl
available.
(acceptable). building (acceptable).
nd Daily (preferred) or seasonal, | Indicate the indoor illumination for Not
ndoor 0
3.1.6 | . o weekday/weekend or day/night | each functional zone (preferred) or )
illumination o available.
(acceptable). the whole building (acceptable).
3.3.3.2 Whole building characteristics
Code Item Definition Case building
3.2.1 | Year built Indicate year built in the format 19XX or 20XX. 2005
3.2.2 Number of | Indicate the number of floors. 68
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floors

Conditioned or

The floor area of conditioned floor space, as
measured at the floor level within the external

3.2.3 heated floor | surfaces of walls enclosing the conditioned space. | 141000 sgm
area It includes the attached space, such as basement,
attic, if they are conditioned.
Gross floor area is calculated including external
Gross floor o
3.24 area walls of the building. The attached space should | 141000 sgm
also be included, such as basement, attic, etc.
Number of . . -
3.25 ) The number of companies occupying the building. 37
businesses
Number of
3.2.6 | employees per Not available.
business
Tvoe of Indicate the type of building: 1) Government office;
3.2.7 by'FI)d'n 2) Business/professional office; 3) Multi-use | 2
uildi
g complex; 4) Other
- Garage/ data center/ food sales/ service/ shopping
Other building . . ] Data
3.2.8 o mall/ retail/ corridor/ lobby/ restroom/ parking/ )
activities center/corridor/lobby/restroom
storage/ vacant/ other
. Indicate whether the home or apartment is: 1)
3.2.9 | Ownership 1
rented; 2) owned; 3) leased
Calculated using the internal dimensions of
3.2.10 | Net floor area o 103259 sgm
building.
Gross floor
area occupied )
3.2.11 Not available.
by each
activity
Buildi
uding - _ _ _ N:22.3°, E: 114.2°
3.2.12 | geographical Provide the longitude, latitude and ASL. )
- ASL: Not available.
position
3.2.13 | Curtains/blinds | Provide the material and color of curtains/blinds. uPVC, brown and yellow.
Elevation drawing is not
3.2.14 | Planar graph Provide an elevation drawing for simulation use. available, but floor plan is

referred to the following chart.
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ONE ISLAND EAST
TYPICAL FLOOR PLAN

[71 ] Lettable Floor Area:
Approx. 20,613 sg ft (1,915 sgm)

_:l Met Floor Area:
Approx. 19,171 sq ft {1,781 sqm)

3.3.3.3 Building envelope

Code Item Definition Case building
1) Office area:0.5 air changes for
perimeter zone of 3.6 meters
Building air [ . deep;
3.3.1 ] Air change rate provided in times/hour. ] )
tightness 2) Toilet: 15 air changes per hour;
3) M&E room: 10 air changes per
hour.
. . ) Windows: triple glazing-single
. This includes walls, ceiling, floor and window . . .
3.3.2 | Material . glazing + cavity w/blind + double
materials. )
glazing.
1) Office floors
- Triple glazing=1.12 W/(m 2K)
, o - Spandrel=0.68 W/(m ?K)
Provided for all of the building envelop 5
. . . . - Roof=1.15 W/(m “K)
3.3.3 | U-value materials (wall, ceiling, windows, etc.) using )
. 2) Podium floors
the units: w/(m2*k). . B
- Glazing=5.6 W/(m “K)
- Spandrel=0.68 W/(m *K)
Podium roof=1.15 W/(m 2K)
Comprehensive
shading .
3.34 o This can also be solar factor. SC=0.19
coefficient  of
the windows
. Select one of the following: 1) 25 % or less;
Window to wall
3.35 2) 25%-35%; 3) 35%-45%; 4) more than | 4 (77%)

ratio

45%. This should exclude the roof area.
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3.3.6

Shape factor

The ratio of surface area that is exposed to
the outside area to the enclosed volume, and
the surface area does not include the floor
area, door area and internal wall area of the
stairwells without district space heating.

Surface area=49504 sgm,
SF=0.1
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3.3.3.4 Building services and energy systems

Code | Item Definition Cen
Space Type of centralized
_ ) Number of | Fuel ) ) o Floor area of zone served by | No space
3.4.1 | heating - | systems (boilers, heat Heat media | Heat capacity of the building (w) _
i systems type each type of system heating.
centralized pumps, etc.)
Space Type of decentralized Number of
) Fuel Total ) No space
3.4.2 | heating - | system (local space each type Power rating (w) Other performance )
) type power (w) heating.
decentralized | heaters) of heater
Type of centralized
system (heat sources,
cold sources, chilled
water pump (indicate
. ) Number of )
Air primary or secondary), Other performance (water volume, pump lift for
. . each type | Energy | Power -
3.4.3 | conditioning - | cooling water pump, ¢ ; fing (w) pumps, heat exchange efficiency, area of heat YES
. 0 e rating (w,
centralized AHU fan, FCU fan, P g exchange for heat exchangers, etc.)
) component
cooling tower, pumps
of cooling storage
system, heat
exchanger, etc.)
4 Elec. 1800 TR
A. Electrical chiller 1030 TR -
530 TR
Refer to the following Table.
) ) Function Flow Head Power Motor Rating
Designation Qty
(I/s) (M) (kW)
B. Primary chilled 18 CHWP-B1-1to 5 5 201 36.7 110
water pump CHWP-B1-6to 7 Primary chilled water pump 2 115 37.8 55
CHWP-B2-E1 to E3 3 81 37.9 75
CHWP-35-1t0 5 Secondary  chilled  water 5 102.1 31.3 18.5
CHWP-35-E1 to E3 pump 3 38 29 15

C. Condensing
water pumps

90 kW Flow: 269.2 I/s. Head: 22.5 M
45 kW Flow: 154 |I/s. Head: 28.5 M
30 kW Flow: 79.2 I/s. Head: 21.4 M
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2 90 kW Flow: 48.3 I/s. 110M
D. Cooling tower 17 Heat rejection: 2147 kW. Water  flow: 75.3 I/s
Refer to the following Table.
Designation Qty Served area Air Flow Fan Motor Rating Total Cooling
(I/s) (kW) (kW)
) ) ) PAU-RF-01&02 2 59 to 67/F 9900 30 4735
E. Primary Air Unit
(PAU) 12 Elec. PAU-49-01&02 2 50 to 58/F 9900 30 473.5
PAU-35-01&02 2 37 to 48/F 13440 37 254.8
PAU-20-01 to 4 2 to 19/F & 22 to 34/F 16230 55 790.5
04
PAU-B1-01&02 2 G to 1/F 1600 4 82.7
Refer to the following table.
) ) Air Flow Total cooling Fan Motor
Designation Qty Served area i
(I/s) (kW) Rating (kW)
AHU-67-1 1 67/F, office 9130
) 30 238.5
AHU-67-2 1 67/F, office 9130
AHU-66-1 1 66/F, office 9130
) 22 238
AHU-66-2 1 66/F, office 9130
AHU-65-1 1 65/F, office 7180
) 18.5 196.2
AHU-65-2 1 65/F, office 7180
AHU-50-1 to 64-1 & AHU- .
) . ) 30 50-64/F, office 7530 18.5 205.4
F. Air Handling Unit 50-2 to 64-2
133 Elec. -
(AHU) AHU-48-2 48/F, office 7510
) 18.5 205.4
AHU-48-1 48/F, office 7510
AHU-39-1 to 47-1 & AHU- )
18 39-47/F, office 7510 18.5 195.8
39-2to 47-2
AHU-38-1to 2 2 38-37/F, sky lobby 8120 18.5 115.7
AHU-38-3 38-37/F, sky lobby 6800 18.5 180.6
AHU-37-1 38-37/F, sky lobby 8400 15 172.6
AHU-22-1 to 34-1 & AHU- )
26 22-34/F, office 7340 18.5 195.8
22-2 10 34-2
AHU-2-1 to 19-1 & AHU-2-2 .
10 16.2 36 2-19/F, office 7250 18.5 195.8
O -
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1/F, Foyer & G/F,
AHU-1-1A &1-1B 2 8050
Escalator lobby
1/F, Foyer &  GIF,
AHU-1-2A & 1-2B 2 8050
Escalator lobby )
Not provided
1/F, Foyer &  GIF,
AHU-G-2A & G-2B 2 5200
Escalator lobby
1/F, Foyer & G/F,
AHU-G-1 1 8000
Escalator lobby
AHU-B1-3 Chilled water pump room 3370 4 91.9
AHU-B2-1 Chiller Plant room B370 1.1 1
H.V. Switch room &
AHU-B2-2 1 2980 83.1 4
transformer room
AHU-B2-3 1 Chiller & HV Switch room 2980 83.1 4
, Type of local air Number of
Air N Other performance | No
o conditioner(s), each type | Fuel Power _ ) e e )
3.4.4 | conditioning- o . ) Heat/cooling capacity (w) (humidification/dehumidification | decentralized
) humidifier & of air | type rating (w) .
decentralized o o capacity) AC.
dehumidifier conditioner
Type of centralized
system (separate
ventilation systems
(i.e. separate system
for basement/garage),
o heat exchanger and
Ventilation - Number of | Energy | Power )
345 . local ) Design of subsystem Other performance YES
centralized L L each type type rating (w)
humidifier/dehumidifier
(if used together with
separate ventilation
systems), mechanical
exhaust and Plenum
systems.
Ventilation fans for 16 Elec. Refer to the following table.

Lo H 1 ol
rmecriarncdal TOUTTT artu

chiller plant

— . .
LDESIYTiatult

P - el VI
Yy IVIGATITIUTIT all TTOW {L/5)

Famivtotor Ratimg (k)

EAF-49-1

2d9 6800
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EAF-49-2 1 6160 11
EAF-49-5 1 2650 0.21
EAF-B1-1to 3 3 8250 18.5
EAF-B1-4 1 2130 1.715
EAF-B1-5 1 1000 2.7
EAF-B1-6 1 3200 6.25
EAF-B1-7 1 2180 2.455
EAF-B1-8 1 250 0.5
EAF-B2-1to 2 2 9375 22
EAF-B2-4 1 2400 5.2
EAF-B2-5 1 430 2.455
EAF-B2-6 1 1500 1.715

Refer to the following table.

Designation | Qty Served area Maximum air flow (m 3/s)
EAF-B1-01 1 11
EAF-B1-02 1 B1 Carpark, loading and unloading area 11
EAF-B1-03 1 11
Ventilation fans for EAF-B2-01 1 ) ) 12.5
10 Elec. B2 Carpark, loading and unloading area
carpark EAF-B2-02 1 125
FAF-B1-01 1 0.88
FAF-B1-02 1 B1 Carpark, loading and unloading area 0.88
FAF-B1-03 1 0.88
FAF-B2-01 1 . . 10
B2 Carpark, loading and unloading area
FAF-B2-02 1 10
o No
Ventilation - Number of | Fuel Power )
3.4.6 ) Type of local fans ) decentralized
decentralized fans type rating (w) o
ventilation.
3.4.7 | Lighting o )
Types of lighting Number of | Fuel Total Control method (photo/occupancy/scheduling) YES
(incandescent bulbs, lighting type power (w)
fluorescent bulbs, appliances

compact fluorescent

bulbs, and other bulbs)

including indoor
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(ceiling, task and
public) and outdoor
lighting.

65 W/m?
Compact fluorescent ) )
Not including ) )
lamp . Elec. i Scheduling. 7:00~19:00 in the weekday usually.
provided/ office
Incandescent bulbs .
appliances
. Number of | Fuel Power
Type(s) of appliances . ) Other performance YES
appliances | type rating (w)
) Not . ' L .
Office ) ) The percentage of each kind of office device isinv  estigated as follows.
3.4.8 , Refer to the following provided _
appliances ) Not Cmpt+14' Cmpt+20'LED | Multiple Laptop Laptop+LED
table by on-site of the | Elec. )
) O provided. LED cmpt, LED
investigation. whole
o HK-1 72.7% 7.1% 18.2% 0.0% 2.0%
building.
Types of other
equipment used in the
building (kitchen
_ Number of | Fuel Total
3.4.9 | Other appliances, water ) X
appliances | type power (w)

heating appliances,
elevator, security
monitors, etc.)
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3.3.3.5 Building operation and occupant behavior

As for the description of building operation anccgant behavior, there are four ways to describe

their characteristics and rules, with several shésws to provide a more specific description.

1) Schedule: The change of an object’s status depemdscertain schedule.

2) Set point: The occupant changes the status of @etdiiased on a set point.

3) Control: The occupant changes the status of arcob@sed on a control objective.
4) Space: The occupant operates an object in eitbduthspace or part space.

5) Random: The change of objects’ status has no natistipline and runs randomly.

Part 1: Subschema definitions

Item Mode Code Definition
11 Full time or part time (when occupied) in each month for the space
' heating or cooling season.
Subschema 1: Number of weeks in each month for the space heating or cooling
Time mode 12 season, and one time period (from time A to time B) or several time
' periods (from time C to time D AND from time E to time F, etc.) on
typical days.
Schedule 7 s
Subschema 2: . . .
2 Number of times per day/week/month and minutes per time for use.
Event mode
Subschema 3: o . o . .
3 At which time periods for full load; at which time periods for partial load.
Load mode
Subschema 4: . N .
. 4 % of the objects (fan, lighting, window, etc.) that are opened or used.
Portion mode
Subschema 5:
Single point 5 Always set at a certain temperature (x'C), pressure or concentration.
mode
Usually set the temperature, pressure or concentration in the range of x -
Subschema 6: . o o . .
6 y (If possible, please indicate the specific set points of indoor
Range mode . .
) temperature when occupied and not occupied.).
Set point
Subschema 7: )
7 Set at the full load or a certain % of load.
Load mode
Subschema 8: 8.1 When the outside temperature is higher than x°C, set the temperature at
Outdoor ' x°C or in the range of x'C-xC.
temperature 8.2 When the outside temperature is lower than xC, set the temperature at
mode ' x'C orin the range of x'C-xC.
Control 9.1 When the temperature higher than x°C, open or use it.
Subschema 9: . .
9.2 When the temperature lower than x'C, open or use it.
Temperature .
mode 9.3 When the temperature lower than xC, close it.
9.4 When the temperature in the range of x'C-xC, open it.
Subschema 10.1 When there is a certain level of CO, or CO, open it.
10: Air quality ) ) )
10.2 When there is a certain level of CO, or CO, close it.
mode
Subschema 11.1 | Fixed frequency
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11: Frequency 11.2 | Variable frequency
mode 11.3 | Gear limit (i.e. high/low speed only)
Subschema
12: lllumination 12 When the illumination outside is < x lux, open it.
mode
Subschema
13: Personnel 13 When there are the occupants, open or use it.
mode
Subschema
14: Solar . T ; :
o 14 When solar irradiation is strong (such as > xJ/(cm2*min)), close it.
irradiation
mode
Subschema 15.1 [ When not in use, turned off (appliances and lighting).
15: On/off 15.2 | When not in use, in stand by mode (appliances and lighting).
mode 15.3 | When not in use, left on (appliances and lighting).
When the outdoor temperature (such as chillers) or outlet temperature
Subschema . . . .
16 16.1 | (such as cooling towers) is higher than x°C, open one machine; when
' the temperature is higher than x°C, open two machines, etc.
Temperature + -
. When the outdoor temperature (such as chillers) or outlet temperature
# of machines ) ] i )
. 16.2 | (such as cooling towers) is lower than x°C, open one machine; when the
running mode . . .
temperature higher than x'C, open two machines, etc.
Subschema
17: Flow . 3 .
When the flow volume is larger than Xm®/s, open one machine; when the
volume + # of 17 . .
. flow volume is larger than x m3/s, open two machines, etc.
machines
running mode
Subschema 181 Maintain a constant indoor temperature/humidity by variable air volume,
18: Indoor ] variable water volume and variable refrigerant volume.
temperature 18.2 Maintain a constant indoor temperature/humidity by adjusting the
control mode ' opening of the valves.
Subschema
19: Order
control of 19 1. Open the window first, then use the air conditioner; 2. Use electrical
different fan, then use the air conditioner
appliance use
mode
Subschema
20: Full space 20 When heating, cooling or other appliance is used in the full space.
mode
Space - - - i i
Subschema When heating, cooling or other appliance is only used in part of the
21: Part space 21 space. Indicate the percentage of area in each zone where the
mode appliances are used.
Subschema The change of object’'s status has no certain discipline, and runs
Random 22
22: Random randomly.
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mode

Building system operation modes, schedule, set oid control

In this part, three modes can be used to descdnibeoperation schedule, set points and control of

technical building systems.

Part 2: Building system operation schedule, set point, coml and space

Potential subschemas

Code Item
Schedule Set point Control Space
1.2;2;4 N/A N/A 20; 21
3.5.1 [ Business hours 1.2-No space heating. Space cooling is usually -0
from 7:00-19:00 during weekday.
1.2;2;4 | N/A | N/A 20; 21
3.5.2 Occupancy schedule
1.2-8:30 to 18:30 is the usual business hours. 2
1.1;,1.2;3 | 5;6;7;8 | 9;13;17; 18; 19 20; 21
3.5.3 Space heating - centralized
No space heating.
354 Space heating - decentralized 1.1;1.2;3 5,6;,7;8 9;13; 19 20; 21
9; 10; 11, 13; 16;
1.1;1.2;3 5,6,7;8 20; 21
17;18; 19
1.1- S
355 Space cooling - centralized o pace
cooling is usually
5=24Deg.C | 9.1, 10.1; 11.2 20
from  7:00-19:00
during weekday.
) ) 11;1.2;3 5,6;7,8 9; 10; 13; 19 20; 21
3.5.6 Space cooling - decentralized
No decentralized space cooling.
1.1;1.2;2;3; 4 5:6;7,8 9;10; 11; 13; 19 20; 21
3.5.7 Ventilation (mechanic) - Toilet/kitchen | 1.1-Full time
) . 7 11.1 21
toilet exhaustion.
1.1;1.2;2;3;4 5,6,7;8 9; 10; 11, 13; 19 20; 21
Ventilation (mechanic) - :
3.5.8 1.1-Full time
Basement/garage
garage 5 10.1;11.2;13 21
ventilation.
350 Ventilation (mechanic) - Centralized — 1112234 5678 9,10;11;13;19 20,21
o M&E rooms
2 6 9.1;11.1;13 21
Ventilation (mechanic) -
3.5.10 ) 1.1;1.2;2;3; 4 5:6;7:8 9:10; 11; 13; 19 20; 21
Decentralized - rooms
o 1.2;2;4 N/A 12; 13; 15; 19 20; 21
3.5.11 | Lighting
13 12;13 21
3.5.12 | Office appliances 13 N/A 15.1;15.2;15.3 N/A

214




3.5.13 | Other 2 N/A 15 20; 21
9; 10; 12; 13; 14;

1.2,2;4 N/A 18 19 20; 21
3.5.14 | Windows .

Cannot be opened.

1.2;2;4 N/A 13; 14; 19 20; 21
3.5.15 | Curtains/blinds

2 14 21

3.3.3.6 Input into energy performance indicators
Building energy use can be expressed in the thess according to attachment 3, which are

(1) Energy use of each energy resource, fuel, redggt cooling and heating, and peak electric

demand
(2) Aggregation of energy of primary energy, eqlémaelectricity, and equivalent CO2 emissions
(3) Normalized energy use in the above two appresch

Code | Item Definition Frequency Scope Case
building
3.6.1 | Step 1. | Fuel Indicate fuel | Hourly (preferred) or | For each | No fuel
Energy consumption | consumption | monthly plus daily for | business consumption.
Carrier in J, MJ, or | typical weeks each | (preferred) or
GJ. season (acceptable) whole  building
(acceptable).
3.6.2 Electricity Indicate Hourly (preferred) or | For each | Hourly data
consumption | electricity monthly plus daily for | business is not
consumption | typical weeks each | (preferred) or | available, as
in J, MJ or | season (acceptable) whole  building | well as the
GJ. (acceptable). typical day
hourly data.
3.6.3 Cooling Indicate Hourly (preferred) or | For each zone | Hourly data
consumption | cooling monthly plus daily for | (preferred) or | is available.
consumption | typical weeks each | whole building | Refer to
in J, MJ or | season (acceptable) (acceptable). Table 2.6.3.
GJ.
3.6.4 Heating Indicate Hourly (preferred) or | For each zone | No heating
consumption | heating monthly plus daily for | (preferred) or [ consumption.
consumption | typical weeks each | whole building
in J, MJ or | season (acceptable) (acceptable).
GJ.
3.6.5 Peak Indicate Hourly (preferred) or | N/A Not
electric peak electric | monthly plus daily for available
demand demand in | typical weeks each

W or kW.

season (acceptable)
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3.6.6 | Step 2: Provide the | Hourly (preferred) or | For each | Hourly data
Aggregation aggregation | monthly plus daily for | business is not
of Energy of energy of | typical weeks each | (preferred) or | available.

primary season (acceptable) whole  building
energy, (acceptable).
equivalent

electricity,

and

equivalent

CO2

emissions.

3.6.7 | Step 3: | Factors Normalized Hourly (preferred) or | For each | Hourly data
Normalized | related to | energy use | monthly plus daily for | business is not
Energy Use | energy using the | typical weeks each | (preferred) or | available.

performance | above two | season (acceptable) whole  building
indicators approaches. (acceptable).

3.3.3.7 Indirect factors

Code | Category | Parameter Description Case building

3.7.1 | Social Energy price The price of unit energy. Electricity: 1.03 HKD/kWh N

3.7.2 | factors Stability ~ of | Stability of energy supply is expressed | Year 2009:°

energy supply | as an average percent of each energy | Electricity-53%
source in each city. Oil & Coal products-32%
Town gas Liquefied
petroleum gas-15%
3.7.3 Gas The ratio of population using gas to the
popularization | total population in the city. Not available.
rate

3.7.4 GDI.D per 36758 USD per capita

capita

3.7.5 | Energy- Concern for | Subjective assessment of
related saving energy | consciousness of occupants of energy
attitude of conservation. Potential survey o B
occupants categories: 1) Very concerned; 2) Subjective judgment=1

Concerned; 3) Indifferent; 4) Not so
concerned; 5) Not concerned at all
3.7.6 Concern for | Subjective assessment of
environmental | consciousness  of  occupants  of
protection enwronmental. protection.  Potential Subjective judgment=1
survey categories: 1) Very concerned;
2) Concerned; 3) Indifferent; 4) Not so
concerned; 5) Not concerned at all

5

Source:

https://www.clponline.com.hk/myBusiness/CustomerService/TariffOverview/BulkTariff/Pages/Default.aspx

® Source: Hong Kong Energy End-use data 2011, EMSD, Table 7.
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4. ITA-01: Office building in Italy

4.1 Basic Information of Building

4.1.1  Overview of the building

The case study is public office “Palazzo CioccaiiJton 1860, situated in Livorno Ferraris (VC)aly.

The building floor has an area of 13¢ mith a ceiling height of 3.5 m. The simulation ati
monitoring were performed at the second floor.

The building structure is in bearing solid bricksoary. On the floor below the monitored zone are
heated rooms (through autonomous heating systemdsjlao used for offices and similar, while locals

on the upper floor are used for archives and hisd¢ating system is generally off.

In Table 4-1 the main building data are presented.

Table 4-10. Main building data.

Building name

Palazzo Ciocca

Building type

Small office

Floor numbers

5 floors in total, 3 floors over ground, 1 floanderground, 1
attic

Building height

155 m

Gross floor area

Underground floor: 96
Ground floor: 334 h

1% floor: 334 n?

2" floor: 334 nf

Attic: 334 nf

Total: 1096 m

Net floor area

Underground floor: 68
Ground floor: 219 rh

1% floor: 225 nt

2" floor: 244 nt

Attic: 244 nf

Total: 756 M

SIV

0,36

Structure type

weight-bearing brickwork walls

Construction ear

XIV-XIX centuries

Address

Livorno Ferraris (Vercelli), Italy
Via Martiri della Liberta 100

4.1.2  Geographical environment

Livorno Ferraris is a town located in North-Westéialy in Piedmont region. the number of degree

days is 2549 °C d.
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For detailed data refer to http://www.comuni-itali#/002/071/clima.html.

Table 4-11. Geographical and climatic data.

Geographical position Longitude Latitude ASL HDD
Livorno Ferraris (Vercelli)| East 08°4'42"60 North 45°17'6"00 188 m 2549
Italy

Table 4-12. Statistics of extremes for standarictpneteorological year.

Outdoor meteorological parameters Unit Value
maximum dry bulb temperature °C 31,0
minimum dry bulb temperature °C -7,0

4.1.3  Geometry information

In the following figures are reported the plangath floor. The measures are expressed in meters.

- 23,85 -

H

14,00

Ground Floor

Figure 4-26. Plan of the ground floor
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Figure 4-27. Plan of the first floor
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Figure 4-28. Plan of the second floor
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- 6,00 -
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Underground Floor
Figure 4-29. Plan of underground floor

4.1.4  Outside picture of the building

Figure 4-30. Plan of underground floor

4.1.5 Building envelope

The thermo-physical properties of building enveldggers are presented in Table 4-4. The glazed
building facade represents 20% of the total envelm@a. Windows are 4/6/4 uncoated and air filled
with an U-value of 3.15 W/(m2K) and a SHGC of 0.Windows are shaded from outside by blinds
with reflectance (0.2) and transmittance (0.7).

Table 4-13. Building envelope structure parameter.
|Name of buiIding\Material of envelope U-value
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envelope (W/ m2K)
External wall Brickworks wall 0.7

Roof Roof tile -
Separating wall Brickworks -

Floor slab Brickworks -

External window | Single pane glass + wood frange0

Shutter External wood shutter -

4.1.6  Building systems
Table 4-14. Description of the building technicgs®ems.

Number | System type Type Controller
1 Domestic hot Electrical heater -
water
Centralized on/off
2 Heating system Two natural gas Boiler (one for each floor) system, driven by onge
zone sensor per floor
3 Ventilation Natural ventilation -
system
4 Lighting Fluorescent lighting, bulb desk light -
5 Common .
. Pcs, printers, fax -
appliances
6 Pecgllar Elevator -
appliances
4.2 Detailed information

4.2.1 Heating system

The heating system is centralized type equippetl witast iron heat generator of which the main
characteristics are reported in Table 4-6:

Table 4-15. Equipment in Heating Equipment Roothéenunheated attic.

Number | Name Performance Parameter Controller | Notes
Natural gas Net thermal power: 29,0 kW The boiler
1 . . . . . - serves Ground
boiler Nominal production efficiency: 91% Floor
Natural gas Net thermal power :29,0 kW The b0|Ietr
1 ) . . - . - serves I
boiler Nominal production efficiency: 91% Floor
Electric alimentation: 220 V Manual
Water .
2 circulator Prax: 132/99 W - control with a
Prin 49/22 W fixed speed
20 Term|nal Radiator -
device
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4.2.2

Information Statistics

Function rooms layout of first floor for monitorimmurposes is shown in Figure 4-6.
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Figure 4-31. Function rooms layout of the firsodt
4.2.3  Occupancy schedule and equipments
Table 4-16. Occupancy schedule and equipment gt
Label Occupancy Equipment Note
profile
A 1 person from 1pcand 1 printer
Monday to Friday.
Hours: 8 am to Z
pm and 3 pa to 6
pm
B 2 persons from2 personal computers and |Zhe doors separating th
Monday to Friday| printers room 2 and 3 are ope
Hours: 8 am to 2 for  most of the
pm and 3 pa to 6 occupancy period
pm
C Occasionally 2 printers
occupancy
D Occasionally -
occupancy
E 2 persons from2 personal computers and |2
Monday to Friday, printers
Hours: 8 am to Z
pm and 3 pa to 6
pm
F 1 fridge, 1 microwave oven, |1 Restroom e and/icel
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automatic coffee dispenser, electrilocal
hot water boiler

1 person from
Monday to Friday.
Hours: 8 am to 2
pm and 3 pa to ¢

pm

\S2

Occasionally
occupancy
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5. JPN-01, JPN-02: Office building in Japan

5.1 Building Introduction

Table 5-1 Two Sample Office Buildings Outline

Building Name Office A

Office B

Location & Climate Shimada City, Central Japan, Mild

Suzuka City , Central Japan , Mild

Structure & Stories Steel, 4 stories above ground

Steel, 4 stories above ground

Total Floor Area 2,734m2 (2,368m?)

3,695m2 (3,358m2)"

Number of People 87 employees

118 employees

Building Use

1st floor to 3rd floor : Office , 4th floor, meeting room and another use
Including Control room for distribution network etc
(special use for electric power company).

*()Total floor area except for special use of eliegpbower company
.

a

-

—

(Completed in June, 2001)

Mild Climate

Suzuka Sales Office

Central Japal

-

Mie Pref:

Gifu Pref:

Photo 1 Shimada Sales Office (Office A) Photo 2 Suzuka Sales Office (Office B)

(Completed in June, 2001)

Nagano Pre

= Cold Climate

Shizuoka Pref.

Shimada Sales Office
Aichi Pref.

Figure 5-1 Location of Two Sample Office Buildings

52 Annual Electrical Energy Consumption

(1) Office A
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Table 5-2 Detail of Annual Electrical Energy Congation of Office A during 2004 to 2006

Another HVAC HVAC Electrode
Electric Lightings Ice No Ice Total Heat Steam Another
Year Total Sockets Lightingg water gan dg Thermal Thermal Exchan Humidi Power
Heater Storage Storage ger ) Use
Sockets fier
System System
2004 285,543 32,007 106,207 6,754 16,30D 73,136 2039, 3,885 6,025 2,027
2005 348,925 34,717 123,654 6,809 16,708 82,314 0589, 19,392 12,150 4,127
2006 451,328 36,355 127,374 6,965 18,418 91,867 3735, 65,183 46,300 3,500

*Units : kWh/year

(2) Office B
Table 5-3 Detail of Annual Electrical Energy Congtion of Office B (2004 to 2006)
HVAC HVAC
Electric Snﬁ;:ers Ice No Ice Total Heat Elstc;;?;ie Another
Year Total Sockets Lightingg ~ water gan dg Thermal Thermal Exchan Humidi Power
Heater Storage Storage ger ) Use
Sockets fier
System System
2004 358,271 47,581 110,954 13,984 13,648 73,226  ,1185 0 4,169 9,589
2005 393,654 46,959 116,919 13,258 15,420 81,315 2,230 0 6,022 11,532
2006 392,489 47,402 119,984 13,951 17,475 82,949 3296 0 3,560 10,847
*Units : kWh/year
5.3 Monthly Breakdown of Electrical Energy Consumptionby Major Devices

(1) Office A

M Ice thermal storage HVAC system outdoor unit

M Ice thermal storage HVAC system indoor unit
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Figure 5-2 Monthly Electrical Energy ConsumptionQiffice A during 2004 to 2006

(2) Office B
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M Ice thermal storage HVAC system outdoor unit
35000 - mrice thermal storage HVAC system indoor unit

| Ventilation

30000

B Humidifier [Electrode steam type]

25000 - M Lightings

Monthly Electrical Energy Consumption [kWh]

m OA socket
20000
15000
10000 i I :
5000 I I I i
0
< wn O < n O < un O < wn O < un O < wn O < n O < un WO < w1 O < 1 O < wn O < n O
NN} [oNeN=] o O O [oN=N] o O O NN} o O O o 0O QO [oN=N] o O O [eN=N] o O O
o O O o O O o O O o O O o O O o O o o O O o O O o O O o O O o O o o O O
N NN N NN NN N N NN NN N N NN NN N N NN N NN N NN N NN N NN
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Figure 5-3 Monthly Electrical Energy ConsumptionQiffice B during 2004 to 2006

54 Occupant Behavior
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Figure 5-4 Attended Ratio of Office A9 Eloor, during July 28 to August % in 2009
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Figure 5-5 Attended Ratio of Office B Zloor, during September 20 18" in 2009
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6. JPN-03: Office building in Japan

6.1 Introduction

Field measurements and investigations on energguroption and indoor environment have been
carried out in a sustainable designed office bogdFigure 6-1shows the facade of the said office
building.

6.2 Location

Sendai City, Japar-{gure 6-2

Sendai

Figure 6-1: Building fagade Figure 6-2: Location

6.3 Climatic conditions

Figure 6-3shows the monthly mean temperature and humidi§eindai, Montreal and Berlin. Sendai
is cold and snowy in winter, while hot and humidsimmmer. Minimum and maximum temperatures
are 1.5 degree C in January and 24.1 degree Cgndiurespectively.

20 1 Sendai

Temperature )

-5 A Berlin
-10 1 ~
Montreal
-15 T ‘

50 60 70 80 20 100
Humidity (%6RH)
Figure 6-3: Monthly mean temperature and humidity
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6.4 Outline of the office building

Figure 6-4shows the floor plan of the investigated officélding. It is a three-storey office building and
covers a floor area of 4090°nThe building is constructed in wood with the mse to reduce the
CO; emissions. In order to improve the indoor thermalimnment while reducing the energy
consumption used in heating, the whole buildingvéd| insulated: high performance insulators are
fitted in the exterior walls (180 mm thick) and tre roof (200 mm thick); windows are fourfold-
glazing with high insulated sash. Besides, sun-isigattchnology is well utilized in this building to
reduce the energy consumed by cooling.

10,290
17,290

Figure 6-4: Plan of the office building (1F)

6.5 Occupants and operation of the equipment

There are 20 workers in total, and all of them wankMonday, Tuesday, Thursday and Friday. All of
them can take two days off in one week. One dayniSunday, and for the other day, half of them
take Wednesday, while the other half of them tak&uBay.Table 6-1shows the numbers of the
workers in one typical weekigure 6-5shows the density of the occupants in one dayodilgh the
business hour starts at 9:00am, 100% of the word@rge to the office around 8:30am. The workers
take a one-hour lunch break, and thus the percerdad:00pm was assumed as 50%. The business
hour finishes at 6:00, and some of the workersa@ud) but some of them work until 8:00pm.

Table 6-1:Number of workers in one week

Day Sunday and Holidays Monda Tuesday Wedndsday Thuisdiriday | Saturday
Workers 0 20 20 10 20 20 10
100% 100%
50% 50%
8 8:30 13 18:30 20

Figure 6-5: Percentage of the occupants in one day
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For the HVAC system, high quality air-conditionevgh COP value over 5.0 are installed for heating
and cooling, while mechanical ventilation systenthwair change rate of 0.5 times 1/h is used for
ventilating. The energy source is electricity. abt2 shows the operation of air-conditioners.

Table 6-2 Operation of air-conditioners

Period Time Setting Tepmerature| Relative Humidity
Heating 1% January ~ 39 April ~ |8:00am ~ 8:00pm 28 40%
Cooling 30" July ~ 3¢" Septembe}8:00am ~ 8:00pm 26 50%
6.6 Investigated items and measurement systems

Table 6-3shows the investigated items and methods. Thesigation items include electricity
consumption, indoor/outdoor temperatures and huynidas well as behaviors of occupants.
Investigation methods were classified into simptifimeasurements, detailed measurements and
questionnaire survey.

Table 6-3:Investigated items and methods

Items Machines Location Period

Electricity Consumption | Special Moniter 10min

] - | 1+FLO. .
rI§ata loggers with temperature and humidity senso gStodoc:or 0.6m 15min

S Indoor/outdoor temperaty
Simplified and humidity
Measurements

Vertical temperature

difference Data loggers with temperature and humidity sensofs.1m00.6m, 1.1m| 15min

Globe ball
Globe temperature oo o 0.6m
THERMIC2100A

Detailed Measurements o . o 10sec
Temperature and humidity Data loggers with tempeesdind humidity sensors| 0.1i@.6m, 1.1m

Air velocity VIVO20T35 (DENTEC) 0.1m0.6m 1.1m
Air velocity
Thermal sensation
Questionnaire  |Acceptance Questionnaire sheet
Preference
Productivity
6.7 Measured energy consumption and indoor environment

6.7.1  Monthly and annual energy consumption

Figure 6-6shows the monthly energy consumption by diffeemmd-users, whil&igure 6-7shows the
annual energy consumption in this office buildimgth the comparison to the statistical data of 2005
and 2007. The convector coefficient of electrictynsumption to primary energy consumption was
10.25MJ/kWh. Energy consumption increased durieghisating (from November till the end of April
next year) and cooling period (August and Septejnléghting, the largest energy user, accounted
for about 43% of the total electricity consumptiand it was followed by OA (Office Appliance)
machines which accounted for 25%. Annual heating) @oling electricity consumption accounted
for 12% and 2% of the total electricity consumpficgspectively. Annual energy consumption of the
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measured office building (921 MJmyear) was 47% lower than the statistical data (IV3tn¥ -
year).

c§100 M cooling
=
= 80 1 heating
*é_ 60 1 lighting
> _
7] 40 OA
gl Il B B B B B B DB BN EEEEEENE®N/d machines
=] L . m W E = m = " m m mom g wmw = = =——MWventlation
6 O T T T T T T T T T T T T T T T T T
3286288522 2833280623
2006 2007
Figure 6-5: Monthly energy consumption
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£ S 800 21%

3 44% | 921

| 400 A J

Office building A
(Jul. 2006~ Jun.2007)

Figure 6-6: Annual energy consumption

I I
(Japan, 2005) (Tohoku, 2007) (Japan, 2007)

6.7.2  Profile of energy consumption, indoor and outdoor émperatures during three days in
winter/summer

Figure 6-7shows the profile of energy consumption, indood aatdoor temperatures during three
days in winter/summer including the coldest dayb(28") and hottest day (Aug"$. However, here
only shows the electricity consumption in Office A.

Coldest daystt was a weekend from Feb"2#b 25", there were fewer people working in Office A or
C, and thus, temperatures in these two officesndutihne weekend were about 2 to 3ower than
during the weekdays. However, in contrast, tempegain Office B, where workers came even on
weekends, did not change much between weekendweektays. During weekends, temperatures in
Office A and C changed with the solar radiation. @® other hand, during the weekdays,
temperatures in each office start to increase whemir-conditioners were turned on around 8:00am ~
9:00am for heating and stayed around 22 to 2@iring the business hours. Temperature in Office B
was about 3 to 4 higher than in the other two offices, due to thiatireely higher densities of
occupants and office appliances. In addition, nedahumidity in each office was lower than 25%,
which resulted in extreme dryness. As mentioned/@ptihere were fewer workers in Office A on Feb
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24" and 2%' than on Feb 26 Therefore, energy consumption on weekends wastatzif less than
that on weekdays.

Hottest dayslt was Sunday on Aug™sworkers in Office B were working even during thieekends,
and therefore temperature in Office B did not cleamguch between weekends and weekdays.
However, temperatures in Offices A and C was aldot3 | higher during weekends than that during
weekdays. During the weekdays, Temperatures irc€dfA and C started to decrease around 8:00 ~
9:00am when the air-conditioners were turned orcémling and stayed around 25 to 2during the
business hours. Temperature in Office B was abeftilhigher than the other two offices because of
relatively higher densities of occupants and offaggpliances. Relative humidity in Office B was
around 55% to 65%. However, it was higher than 70%ffices A and C most of the time; it was
higher than 60% even when the air-conditioners weeking. There was no worker in Office A on
Aug 5" and thus, no electricity was consumed for coolig day.

Coldest days Hottest days
100 T T T T T T T T T T T
80 | | | | | | | | | |
T N T ] T TR T | 7
= | | | _/*”N\W |
S I e e e A A - o
%40 1— —OfficcA —OficeB -~ Office C ——
20 | | | | | | | | | | |
| | | | | | | | | | |
0 | | } | | } | | } } }
T ‘ ‘ 30 1000 §
30 \ — \ — 1000 § v | Lo P T T T w0 :%
S — : CR ‘ : -
! ! ! [ a 26 = ] | D Py ] 600 5B
! 8L £ I I I I I ! ! L o<
! ] § 2 % | | | | | | | | 400 % S
| FREEER ‘ S
‘ I 3 20 : L L _— o ©
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= 16 . . . . T H B Others M Ventilation I I
e [ | 8?1;;5 . [ ] I\_/_err11ti_lation £ 12{W OA Machines'™ Lighting : :
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Figure 6-7: Profile of energy consumption, indoodaoutdoor temperatures during three days [Upper
side: the coldest day (Feb 25th); Lower side: thadst day (Aug 6th)]

Acknowledgement: Authors would like to acknowledgekushu Housing Corporation to give us an
opportunity for measurement of indoor environmerd eanergy use of the head quarter office.
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7.1

NOR-01: Office building in Norway

Building introduction

51

Figure 7-32. Location of the cas buildih'g in Trbedn

The case building is located in Trondheim at thérass Professor Brochs gate 2, as shown in Figure
7-32. The building is marked with the yellow markttwnumber 1. The building extends along the
main road, marked with the red color in Figure 7-BBe building is rented as an office building to
nineteen different companies. Height of the buidis 21 m (the front block) and 14 m (the back
block). The building has six floors and a basemftodr. The Gross Floor Area and conditioned
building both are 16,200m

Table 7-17. Climate data of Trondheim

Jan Feb Mar Apr May| Jun Jul Aug| Sep Oct Nov Dec Year
Average high (°C) 3.9 34 7.9 134 21 20{1 25.85.7 | 22.8 17.2 9.7 4.4 14.7
Daily mean (°C) -7 -5.7 -0.1 4.5 7.4 10.4 15.314.5 9.9 6.3 -3.9 -7.3 3.7
Average low ('C) -21.9| -243 | -125 -2 -1.5 2.3 6.3| 4.4 -0.3 -7.1 -16.8| -18.8 -7.7
Relative humidity (%) 78 76 85 71 74 77| 75 70 77 76 78 82 773
HDD 7429 | 634.4| 529.5| 3753 | 297.3 | 1978 | 64.6 | 89.2 | 2125 | 3328 | 627.6 | 752.3 | 4856.2

In Norway, CDD is not an actual parameter. HDD 888l of year 2010. HDD was calculated for the
base indoor temperature of °CZ Outdoor temperature, relative humidity, and sadadiation for
2011 are given in Figure 7-33 to 4 respectively.
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Figure 7-33. Outdoor temperature in Trondheim iri 20
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Figure 7-34. Relative humidity in Trondheim in 2011
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Figure 7-35. Solar irradiation in Trondheim in 2011

7.2 Building specification

ME nmpggu_ TL
ﬂ—— La.

Figure 7-36. Office building in Trondheim

The office building in Figure 7-36 has been in sece autumn 2009. The building was built
according to the low energy building standard. Tdwe energy standard implies the U-value for the
outdoor wall of 0.18 W/AK and U-value for windows of 1.2 WAK. Further, this standard implies
the infiltration of 0.1 air change per hour. Basitormation about the building is given in Tabld 8-
The building consists mostly of cell offices, magtrooms, and common areas. Simplified and typical
floor plans are given in Figure 7-37 and 7, respebt. The size of the cell office is about 1¢,m
while the size of the meeting rooms can be aboutn30The floor plan was developed by using so
called “the room solution”, so it is possible tancect few offices if necessary. This gives posisibil
to change the floor plan upon tenant requiremditis. simplified plan as in Figure 7-37 will be used
further in the text to explain installed buildingugpment. Labeling as in Figure 7-37 is used tellab
some energy meters, too.
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Table 7-18. Basic information about the office Bung in Trondheim

Gross floor area 16,200°m
Typical floor area (Figure 7-37 and 7-7) appro%0D, to 2,500
No. of floors 6
St t
Typical finished floor height ﬁgi&“ (floors above the”) to 3.5 m (I

Variable Air Volume system (VAV) with

Air-conditioning Direct Digital Control (DDC)

Elevators 3
Computer room cooling 24-hour operation
Accessible parking spaces in the garage 99
! s ©
1 3 2 4 |
O Y
3 ; S

a7y (15

\7Vi'[h marked bllmurmbers

(6)

Figure 7-37. Simplified floor plan

-
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Figure 7-38. Typical floor plan

Content of the floors in the analyzed office builglis given inTable 7-19
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Table 7-19. Functional area information

Basement Garage, plant rooms, showers and tdiletepm, and storages
1% floor Entrance, restaurant, lecture room, ancceffi
2"to 6" floor | Offices
5™ floor Ventilation plant room
7" floor Ventilation plant room
7.3 Energy consumption issue

7.3.1  Electricity use

The building is equipped with a high number of gyemeters, which include measurement of
electricity for light, appliances, ventilation, et€he building is equipped with 74 energy meters,
where 66 meters are for electricity and eight nsetee for heating and cooling measurements. The
technical platform for the energy measurement veggusated from the building energy management
system (BEMS). Therefore, there is no history @& émergy measurements in the BEMS of the case
building. These energy measurements were trandféor@n energy savings company database. The
use of two different technical platforms for buildi management and energy monitoring, where
energy consumption had not been logged in the BEddS&Id be an issue. This issue can be explained
with poor functional integration, because the |abglof the system and components in the energy
service company was slightly different than in BEM&d it might be that what was shown as the
compressor electricity use was that of anotherpemant. Specifically, it can be difficult to estireat
energy use of equipment that has its own contrdl Such equipment can be heat pumps, cooling
plants, and air handling units. Even though equitnmeanufacturers guarantee good data transfer
from the equipment control unit to the BEMS, theam be many problems in the data transfer. Since
data from the energy saving company were only alkl data, they were used here to present the
building energy use. In Figure 7-39, electricity useasurements from 66 meters were organized into
nine groups: compressors, electricity in the sulmstaelevators, appliances, fans, light, electricas,

a storage room, and IT server. The same electnus®y as in Figure 7-39 is given in Table 7-20. In
Figure 7-39, Storage room is an electricity melat tneasures electricity use in one room rented by
one company. This was installed as a test for @bégtuse measurement.
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Figure 7-39. Total electricity use break down irLlR0

In Figure 7-39 “El.Substation” is measurement @fcticity use in the substation. This electricigeu
should include electricity for circulations pumpsdacontrol equipment in the substation. It could
happen that this electricity use considered sordéiadal users, but it was not possible to defihe&
them. For the purpose of this analysis, it was mssuthat “El.Substation” is the electricity use for
running the circulations pumps for heating and icgpland control equipment in the substation. In
Figure 7-39 “Appliances” is electricity use usedalythe equipment that was plugged in, such as PCs
printers, coffee machines, and all the other devibat were necessary in an office building. “Fans”
present the electricity use in the air handlingsiAHUs) and it can include some additional users,
but it was not possible to identify that. “Compm@ss present the electricity use of the compressors
the two heat pumps. “El.cars” presents the eldttricse for the electrical cars. Detailed descoiptdf

the substation, air handling units, and heat puimggven in Section 5. Table 7-20 gives numerical
values for the results shown in Figure 7-39. Initaid in Table 7-20, the total electricity use
measured by the main electricity meter is given.cBynparing the total electricity use measured by
the sub-meters and by the main electricity metdferdnce between these measurements can be
noticed. The measurement of the main electricitfemis higher than measurement of the sub-meters.
The main electricity meter measured electricity theg should be paid to the electricity deliveidne
reasons for different measurements could be thewoig:

the sub-meters did not measured all the electrugtyin the building;

the sub-meters had problem in data transferringcdnased missing of data.

Table 7-20. Electricity use

Period Total | Compre| Pumps | Elevato | Applian Fans Light | El. Cars| Storage| IT room
(kwWh) ssors | (kwWh) rs ces (kwh) | (kwh) | (kwh) | room* | (kwh)
(kwh) (kwh) | (kwWh) (kwh)
Jan 81664 6819 2 693 371 19 183 4 059 17 632 13 0 7035
Feb 89191| 10840 | 2252 350 17 615 4039 16 727 13 6 5 863
Mar 79399 | 13285 | 1746 400 17 513 4798 17 930 22 0 6 908
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Apr 68635 | 10358 | 1527 379 16 737] 5236 17 603 37 11 6 581
May 68 547 | 10448 | 1358 368 17 010 5438 17 577 42 3 6 638
Jun 74 095| 10601 | 1300 433 18 326| 8535 18 248 60 5 6128
Jul 67528 | 10208 | 1336 259 15474 9011 14 708 74 0 6 564
Aug 71951 | 10206 | 1362 291 15496] 9315 15390| 105 11 6 554
Sep 69618| 10338 | 1162 409 17 457 7173 19705| 127 22 8 122
Oct 76182 | 10765 | 1153 438 18520, 6861 21002 120 12 9177
Nov 78725| 10896 | 1151 460 19209 6292 20 804 72 13 10 407
Dec 76 557 | 8793 1169 405 20018 8089 17367 111 2 10524
Total 902 092| 123557 18209 | 4564 | 212558 78847 | 214693 796 85 90 502

The problem of missing data and its influence anghergy use measurement is shown in Figure 7-40.
The measurements of the main meter were treatéteasorrect in Figure 7-40. The sum of the sub-
meter measurements were compared to the main mesurements. Since the problem of missing
data was identified, the sub-meter data were ctueby using neural networks. Finally, these
corrected data were used for the analysis of éé@gtuse shown in Figure 7-39 and Table 7-20. The
results in Figure 7-40 show that the summarizedected measurements had values closer to the total
electricity use measured by the main meter. Siheartain meter measurements were used to pay the
building electricity bill, these measurements asediin Section 3.3. Energy flow demonstration to
present energy delivered to the building.

250

— Electricity deliverer /
200 +—

+ Sub-meters - not corrected

—Sub-meters - corrected
150 /
100

50 -

Electricity (kW)

0 T S—— T T T 1
0 50 100 150 200 250

Electricity deliverer measurement (kW)

Figure 7-40. Influence of missing data on the eieity use measurement

Specific electricity use pernin 2010 for the eight groups of electricity usershown in Table 7-21.

Since the electricity use of the storage room wexy low, it was not considered in Table 7-21. The
building was in use since autumn 2009 and the nurabesers increased during 2010. This could
explain increase in the monthly energy use in FEgs#39. This issue related to number of occupants
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will be discussed in Section 4. The increase inrthmber of occupants could also change specific
energy for different users in Table 7-21.

Table 7-21. Specific electricity use in 2010

Applia | Compres
Purpose Light PP P IT server| Fans | Substatiom Elevators| El.cars
nces sors
Specific use
(kV\[/)h/year/mz) 13.25 13.12 7.63 5.59 4.87 1.12 0.28 0.0%

Area used in EUI is Gross floor area.

7.3.2  Heating energy use

Heating energy for ventilation, space heating, smogting, and domestic hot water is supplied by
district heating and supported by two heat pumpee Meating and cooling supply is explained in
Section 7.5.1 and Figure 7-56. One heat pump isallgta cooling plant marked with 35.02. This
cooling plant supplied the cooling for the IT roar@®ndenser heat from this cooling plant is used to
support building heating. In the further text tbaoling plant is named as cooling plant/heat pump o
35.02. The second heat pump marked with 35.01 lis wsed for the ventilation systems. This heat
pump provides heating for heating/cooling coilghie winter and cooling for heating/cooling coils in
the summer. In addition, these heating/coolingsgaihe AHUs are equipped with heating coils
supplied by district heating. The space heatinduttes radiator heating in the offices and floor
heating in the showers. Detailed description if hleating and cooling energy supply system is given
in Section 5. Heating energy break down in 201@iven in Figure 7-41. Condenser heat from the
cooling plant/heat pump 35.02 is used to suppe@rthihilding heating and with that it decreased total
heating demand provided from the district heatimgerefore, this condenser heat is treated as
negative in Figure 7-41. Unfortunately, since binidphad low occupancy level and cooling load in the
IT rooms was low, the delivered condenser heat as Issues in the operation of the cooling
plant/heat pump are explained in Section 5.1. Hmesheating energy use as in Figure 7-41 is given
in Table 7-22.
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Figure 7-41. Total heating energy use break dowa(h0
In Figure 7-41, heating energy use for snow meligngot shown, because there is no energy meter for
the snow melting equipment. Total heating energyigsalso given in Table 7-22. This total heating

energy use was measured by the district heatindupss.

Table 7-22. Heat use

Period Total Radiators | Ventilation | Tap water | Floor heating | Condenser heal
(kwh) (kwh) (kwh) (kwh) (kwh) (kwh)

Jan 121330 65290 23500 2900 0 -240
Feb 88 410 47 878 13943 2829 1198 -115
Mar 59 840 33737 10 894 2973 1655 -449
Apr 27 780 17 142 6 820 3214 69 -710
May 12 670 8921 5 807 3100 1 -488
Jun 5920 5268 8 010 3469 29 -488
Jul 2240 6 582 7989 2483 0 -486
Aug 3300 6 822 8132 2590 0 -508
Sep 19 350 17 071 6516 4639 646 -286
Oct 31790 19 812 6175 5197 812 -239
Nov 90 980 45 840 17 250 5430 4 445 -350
Dec 146 040| 73320 43 150 4510 6 750 -130
Total 609 650| 347 683 158 186 43 334 15 605 -4 489

In Table 7-22, the total heating energy use foheaaonth is different than the sum of the values for

radiators, ventilation, tap water, floor heatingldacondenser heat. The reasons for this could be

similar as explained in the case of electricity:use
the sub-meters did not measured all the heatingggnese in the building;
the sub-meters had problem in data transferringcdwased missing of data;
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the sub-meters were oversized for this purpose.

During an in-situ survey, it was noticed that thisr@ao energy meter for the snow melting equipment.
Therefore, this part of the heating energy use m@sregistered and was not calculated in the heat
balance in Figure 7-41. Comparing total heating@nese measured by the district heating producer
in the summer months from June to August in TabR27it is possible to notice the problem of
oversized heating energy meters. The radiatorssantilation were not in use in the summer months.
Small water circulation might happen, but it conlst cause high heating energy use as shown under
Radiators in Table 7-22. This is a problem causedrboversized heat energy meter. Similarly as for
the measurement quality of electricity use showrFigure 7-40, the measurement problem of the
heating energy use is shown in Figure 7-42. Thesmeanents of the main meter were treated as the
correct in Figure 7-42. The sum of the sub-meteasneements were compared to the main meter
measurements. Since the problem of missing datddeatfied, the sub-meter data were corrected by
using neural networks. Finally, these correctec datre used for the analysis of heating energy use
shown in Figure 7-41 and Table 7-22.
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Figure 7-42. Influence of missing data on the heanergy use measurement

The results in Figure 7-42 are measurements forehdper when missing of data did not happen.
Therefore, the difference between the red and loles in Figure 7-42 could be treated as energy use
for the snow melting equipment. Since the main meteasurements were used to pay the building

heating energy bill, these measurements are usgddtion 3.3. Energy flow demonstration to present
energy delivered to the building.

Specific heating energy use pef m 2010 for the four groups of heating energy sisershown in

Table 7-23. In addition, the condenser specifict lpea nf is also shown in Table 7-23. As explained
before, this condenser heat was provided from twing plant condenser to support the building
heating. The results in Table 7-23 are sorted fthenhighest to the smallest specific heat. Specific
heating energy use for ventilation is lower thapested, because of AHUs solution, look at Figure 7-
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65 in Section 7.5.2. Detail description of AHUs ahdir control is given in Section 5.2. Just toalec
here, each AHU is equipped with the heat recovdmgek the heating/cooling coil connected to the
heat pump, and heating coil connected to the digteating. A sequence control of the AHUs gave
priority to the heating/cooling coil connected twtheat pump 35.01. Therefore, heating energy for
ventilation is partially supplied by the heat puriipe electricity use of the heat pump for ventiati
was defined in Section on electricity use Figurg97-

Table 7-23. Specific heating energy use in 2010

Purpose Radiators | Ventilation Hot water hFIogr Condenser heat
eating
Specific use
(KWh/year/m?) 21.46 9.76 2.67 0.96 0.28

7.3.3  Energy flow demonstration

According to the definition of energy flow boundssj the energy flow can be demonstrated as in
Figure 7-43. The total electricity use in 2010 W@&@2 MWh, including 523 MWh on Eb boundary
(for building requirements such as lighting, appties, elevators, and IT server room) and 221 MWh
on Et boundary (for technical system such as hesipgs, circulation pumps, and supply and exhaust
fans in the AHUS). The annual cooling consumpti@ndooling the IT rom was 167 MWhgenerated

by one cooling plant. The same cooling plant predud 489 kWh useful condenser heat that was
used to support building heating. The annual cgotionsumption for the AHUs was 4 000 ky\that
was produced by the second heat pump. This heap gave 87 MWHh of heating energy for AHUs.
The total heating energy use was 610 MWhcluding heating by radiators, the heating coilshe
AHUs, floor heating, snow melting, and hot wateatiey. In Figure 7-43 for the total delivered
energy at Et boundary, the measurements from thie ehectricity and heating meters were used. The
total energy use for electricity and heating ishieigthan the summarized value of the sub-metets, bu
the total energy use delivered at the building llauy should be treated as a measurement of the
delivered energy. Electricity equivalent approachswised to calculate the total energy use. If the
conversion factor of 0.2317 equivalent electri¢ipt/ water was implementer, the total energy use of
the case building in 2010 was 1 043 M\Wh
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[UNIT: kWhe] Et Technical System Eb Building Consumptior
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Figure 7-43. Energy use on,HE, E and E boundary of a typical building (Note: k\A#electricity,
kWh,2heating consumption, k\WApcooling consumption, kWi?energy consumption by electricity
equivalent approach)
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7.4 Occupant behavior description
7.4.1  Occupancy level and number of occupants

The presence schedule for the office building imntheim is given in Figure 7-44. This office
building is rented to different companies, usuatiynpanies have working time between 8 a.m. until 4
p.m. But some companies could extend working tim&l % or 6 p.m. Figure 7-44 was established
based on the presence sensor for ventilation. présence sensor was located in the part of the

building that was all the time in use and rentecmpnsultant company.
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Figure 7-44. Presence schedule during working days

In our study we did not follow detailed when andashmany occupants came to the building. In
addition, there is no mean to follow exactly numb&bccupants. However, we got data on the total
number of occupants in the building. Since thislding is in use since autumn 2009, the entire
building was not rented immediately. Developmenthef number of occupants in the building is given
in Figure 7-45.
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Figure 7-45. Development of the number of occupintise office building in Trondheim
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In general, it can be assumed that working houab@it 2000 hours per year for light and ventitatio
in the building. Light in the corridors and commareas is ON longer time than light in the offices.
Working hours of the IT server room is 8760 hours.

Since it could be difficult to assume exactly ocaugy level, we suggest use of the hourly elecyricit
profiles and hot tap water profile to detect ocowpalevel. In the case of the office building in
Trondheim, electricity use was independent of thieloor temperature, but instead determined by the
building users. In average over the year, hourbgteicity profiles were varying from 70 kW during
non-occupied periods to 200 kW during occupied qukri The hourly summarized profiles of the
electricity use are shown in Figure 7-46.
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Figure 7-46. Hourly profiles of electricity usetime office building in Trondheim

The electricity use marked with “Fans” in Figuret@-presents the total electricity use for all the
AHUs. The electricity use of the fans was determiibg the building users as it is possible to noitice
Figure 7-46. The VAV systems were controlled bysprece sensors, meaning the fans were operating
only when there were users in the building as empthin Section 7.5.2. The electricity consumption
of the heat pump compressors was quite constasti@sn in Figure 7-46 with “Compressors”. The
reason for this was that the heat pumps were @estsand the compressors were in operation all the
time at the lowest step and thereby using congtawer. The heat pumps are introduced in Section
7.5.1. In Figure 7-46, it is possible to notice ttlappliances, light, compressors, and IT server
contributed mostly to the hourly profiles duringnroccupied periods as well as during occupied
periods. The hourly profiles of the electricity use the light, appliances, AHUs, hot tap water are
presented in the further text. Issues in measurgnestent of measurement, and accuracy are also
explained briefly.

7.4.2  Lighting system
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For this case building it was not possible to abi@ata about installed equipment for the electricit
use. However, use of the hourly profiles could helpdentify amount of energy and schedules used
for the lighting system. The control strategy foe tighting system was the following:

» During working time, presence sensors are impleateta control the light;

» During non-working time, the light should be OFF.

As explained before, the working time could be lestiv 8 a.m. until 4 p.m. But some companies
could extend working time until 5 or 6 p.m. We diot have possibility to collect data about common
areas and security entrance that use light alltithe. In Figure 7-37, a schema with the building
blocks was introduced. There was an idea thatsittiema as in Figure 7-37 should be used to mark
building energy meters. However, due to a problement the building before it was opened, the
block 2 in Figure 7-37 was divided into two pasds,that the left part of the block 2 was joinedhe
block 1 and the right part of the block 2 was join® the block 4. Based on this, the energy
measurement in the next Figures is marked as FRatt,3, Part 4, and Part 5. Related to the results
this means the following:
» The results marked as Part 1 present energy usbddriock 1 and the left part of the block 2
in Figure 7-37;
» The results marked as Part 3 present energy usleefdrock 3 in Figure 7-37;
» The results marked as Part 4 present energy ugbeddrlock 4 and the right part of the block
2 in Figure 7-37;
» The results marked as Part 5 present energy usleefdrock 5 in Figure 7-37.

The electricity use hourly profiles are presente&igure 7-47. The block 4 or Part 4 in Figure 7igl7
occupied by a consultancy company that has poggibd use light system longer. The block 5 is
occupied by a governmental company.
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Figure 7-47. Hourly profiles for light effect atetourth floor
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The electricity use for the entire building orgaatzy blocks is presented in Figure 7-48. The bibck
or Part 3 in Figure 7-48 includes the glass arebemtrance. This could be reason for random peaks i
the electricity use of this zone. The total liglgotricity use profile is given in Figure 7-49.
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Figure 7-48. Hourly profiles of light effect by zmfor the entire building
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Figure 7-49. Hourly profile for the total light eitt

7.4.3  Appliance

The electricity use for the appliances in the kngdis organized in the same way as the light
electricity use introduced in Section 7.4.2. Idifficult to estimate which building appliances wer

installed in the building, but it could be assunthdt these typical office equipment. The hourly
profiles of the appliances effect organized thdding block are given in Figure 7-50. The hourly
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profile of the total electricity use for the appi@s is given in Figure 7-51. The profiles of the
appliance use can be used to detect building wsestiti in Figure 7-50 and 20 it is possible tdine
that a half part of the appliances was ON during-working hours.
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Figure 7-50. Hourly profiles of the appliance etfeg zones for the entire building
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Figure 7-51. Hourly profiles the total appliancedeadt

7.4.4  Ventilation

Electricity use for the ventilation system is praeel for each AHU. The detail description and caintr
of the AHUs is introduced in Section 7.5.2. FurtimeBection 7.5.2 in Table 7-29, the capacitiethef
AHU equipment are given. The served zones by eddb Are presented in Figure 7-64. The results
in the following Figures are from the first week Nlovember 2010. At that time the entire building
was not rented as shown in Figure 7-45. Howevéthalbuilding was ventilated with a low amount
of air. In Figure 7-52 and 22, the hourly profitdsthe AHU electricity use are shown. The total AHU
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electricity use is given in Figure 7-54. In theldirg, the electricity meters for the entire AHU nee
introduced. Therefore, it was not possible to sajgaelectricity use only for fans.
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Figure 7-52. Hourly electricity profiles for AHU$31 to 36.04
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Figure 7-53. Hourly electricity profiles for AHU$35 to 36.08

Based on the results in Figure 7-53, it could bectaled that the AHU 5 or 36.05 was in use more
than other AHUs. Consequently, this indicated tha part of the building was more occupied than
the other part of the building. In an on-situ syramd talk with the building operator, we found out
the same. The part of the building supplied with A#HU 36.05 was occupied since the building was
in use. In Figure 7-53, it can be noticed that hlogrly profile for the AHU 36.05 had maximum

values about 10 kW. The maximum installed effectli@ supply and exhaust fan in the AHU 36.05 is
8.96 kW. Consequently, it can be concluded that #uditional effect of about 1 to 2 kW is the
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electricity use for the additional devices in AHUnfortunately, light and some other users located i
the technical room of the AHU could be includedtlims measurement. In our study, it was not
possible to detect all these influencing elements.
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Figure 7-54. Hourly profiles for the total electitig use for the AHUs

7.4.5 Domestic hot tap water

Profile of the domestic hot tap water could be useddentify building use. The domestic hot tap
water is supplied by the district heating. Detaitiedcription of this system is given in Figure 75l
Section 7.5.1. This building is equipped with tapg and showers in the basement. It is common that

the employees take show at the job. The hourlyilprof the heating effect for the domestic hot tap
water is given in Figure 7-55.
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Figure 7-55. Hourly profile of the heating effect the hot tap water
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7.5 Details system description
7.5.1  Main substation

In the low energy office building in Trondheim hiagt was provided by radiators and floor heating,
while cooling of the IT rooms was provided by familts. The heating energy for ventilation, space
heating, snow melting, and domestic hot water vgplged by district heating and heat pumps. The
schematic of the entire substation in the buildghgiven in Figure 7-56. The two installed heat psm
35.01 and 35.02 in Figure 7-56, were providing imgaénd cooling as explained in the further text.
The heat pump 35.02 was a cooling plant that peavicboling for IT rooms, while the condenser heat
was utilized to support heating. In this way, tlgritt heating demand should be decreased.

District heating is the main heating energy soucdhe building. The supply and return supply
temperature of the district heating at the supide are 120/76C. The building was provided with
two heat exchangers to receive heating energy.ah éechanger of 900 kW, 320.001.LVO01 in Figure
7-56, was installed for building conditioning, whil heat exchanger of 200 kw, 313.001.LVO1 in
Figure 7-56, was installed for the domestic tapewathe district heating parameters 1207Z0are
constant over the year, while building adjusted ithéding supply temperature by using an outdoor
compensation curve. The outdoor compensation ccemebe changed over the year by the building
operators, depending on achieved thermal comfaroacupant requirements. The domestic hot water
had a constant supply temperature of °®5 The building was provided with taps in toiletsda
showers in the basement. An exact number of treeaad showers is unknown.
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Figure 7-56. Building heating and cooling energyply — schematic of the entire substation
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The main branch 320.001 in Figure 7-56 suppliechéegting energy to the floor heating, radiators, th
snow melting, and ventilation. Served area by tpipment in Figure 7-57 and their capacities are
given in Table 7-24. Control principals and tempam levels in the main branch are shown in Figure
7-57. The entire main branch was controlled by gisiatdoor temperature compensation principle as
shown in Figure 7-58. In Figure 7-57 it is showattthe floor heating branch was controlled based on
the outdoor temperature. However, by an on-sitvesuand by using BEMS data, it was discovered
that the floor heating was controlled based oraihéemperature in the entrance as shown in Figure
59. The radiator branch was controlled by usingloot compensation curve as given in Figure 7-60.
The snow melting equipment was using when neceseafprtunately, heating energy meter was not
installed to measure the energy for snow meltirge fieating coils in AHUs were controlled by using
the main compensation curve shown in Figure 7-58.
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Figure 7-57. Schematic of the main branch

In Figure 7-57, the main heating branch and thdimgglant 35.02 are shown. These two are shown
together because the condenser heat from the goplant was used to support the main heating
branch. The cooling plant 35.02 was design andiliest to provide 200 kW of cooling load at the
rated conditions. However, only 63 kW was instafiedfan-coils as shown in Figure 7-57, because it
was a current building cooling need in the IT roomnsthe case of building extension and occupant
requirement, there is possibility to install new-foils for the IT room cooling. Because of thisvlo
cooling load, the provided condenser heat to supghermain heating branch was also low and with
low temperature. Further, occupancy level andaation of the building was lower than planned in
2010 as shown in Figure 7-45. All this is the reafw providing the low condenser heat as shown in
Figure 7-41 and Table 7-23.
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Table 7-24. Installed heating capacity

Brach name Served area Installed capacity | Temperature level {C)
Floor heating Basement and Entrance hall 25 35/30
Radiators All the offices 397 70/50
Snow melting Entrance to the parking 131 35/20
Ventilation All the offices 483 70/50
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The performance data for the cooling plant 35.@2gwen in Figure 7-61 to 32. The evaporator load
is a parameter in Figure 7-62 and 23. In Figur@ &6d 23, the black line at 40 bar shows the pressu
limit above which the cooling plant cannot perforim.this case this means that the cooling plant

35.02 cannot provide condenser heat above thegetatares.
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Figure 7-61. COP vs. condenser temperature forctming plant 35.02
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Figure 7-62. Condenser heat vs. condenser temper&bu the cooling plant 35.02

255



155

135 /;

N

-
5 //7 / Qev=60 kW
2 o5 1 —B-Qev=80 kW
§ _//«{/ / —i—0ev=100 kW
ﬁ 75 — A ——Qev=140 kW
a —i—Qev=180 kW
E 55 -
] —8—Qev=200 kW
35 J _ —pcd=40 bar
15 : T r . . \
12 47 52 57 62 67 72

Kondensator temperatur, 35.02.RT50 (°C)

Figure 7-63. Compressor vs. condenser temperaturthé cooling plant 35.02

The heat pump 35.01 in Figure 7-56 is a reversiblt pump providing part of the heating energy for
ventilation in the winter period, while in the sumnperiod the evaporator of the heat pump provided
cooling for ventilation. The performance data foe heat pump 35.01 are given in Table 7-25 to 12.
The 35.01 heat pump is a water/air heat pump asgpiplies eight heating/cooling coils in the AHUs
given in Table 7-29. The detail description of &kigUs is given in Section 7.5.2. This heat pump has
six compressors organized into two groups andwsisp-controlled.

Table 7-25. Manufacturer data for condenser loathefheat pump in the heating mode

Leaving water Ambient air temperature (°C)
temperature®C) -5 -3 0 5 7 10
30 329.% 347.( 375.( 424.] 445, 480.1
35 325.¢ 345.7 372.¢ 419.¢ 440.% 4735
40 321.% 342.2 371.] 415.¢ 435, 467.2
45 318.1 338.: 366.¢ 412.5 431.( 461.2
5C 0.C 0.C 362.¢ 4103 427.€ 455.€

Table 7-26. Manufacturer data for compressor powfethe heat pump in the heating mode

Leaving water Ambient air temperature (°C)
temperature®C) 5 3 0 5 7 10
3C 93.1 93.4 93.7 95 95.7 96.€
35 109.t 104.£ 104.¢ 106.1 106.¢ 107.%
4C 122.7 117.1 117.5 118.¢ 119.¢ 120.t
45 13€ 131.¢ 132.] 133.C 134 134.¢
5C 0.C 0.C 149.¢ 150.z 150.¢ 151.¢
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Table 7-27. Manufacturer data for evaporator loddlee heat pump in the cooling mode

Leaving water Condenser entering air temperature {C)
temperature’C) 25 30 32 35 40 44 46
5 415.( 395.( 386.€ 373.1 3474 331.2 315.(
6 427 . 406.t 398.1 384.7 357.¢ 341.( 324.:
7 439.¢ 418.¢ 409.5 396.( 368.( 350.¢ 333.7
8 450.¢ 429.( 4200 405.¢ 377.¢ 359.¢ 342.2
9 462.] 439.¢ 430.1 416.2 386.¢ 368.¢ 350.7
10 473.% 450.2 440.€ 426.1 395.7 377.¢ 359.(
12 495.€ 471.F 461.% 446.£ 414.¢ 395.4 375.¢
15 529.¢ 504.( 493.¢ 476.€ 443.¢ 422.¢ 401.¢
Table 7-28. Manufacturer data for compressor powfethe heat pump in the cooling mode
Leaving water Condenser entering air temperature {C)
temperature°C) 25 30 32 35 40 44 46
5 111.¢ 122.% 126.¢ 133.¢ 148.¢ 157.¢ 167.%
6 112.5 123.5 128.2 135.1 149.¢ 159t 16¢€.0
7 114.1 125.] 129.% 136.5 151.F 161.] 170.¢
8 115.¢ 126.5 131.1 138.( 152.¢ 162.¢ 172.2
9 116.¢ 128.( 132.¢ 139.¢ 154.¢ 164.1 173.¢
10 118.C 129.¢ 134.] 141.] 156.( 165.¢ 175.€
12 121.2 132.¢ 137.z 144.] 159.¢ 169.: 179.2
15 125.¢ 137.] 141.¢ 1491 164.¢ 174.¢ 184.t
7.5.2  Ventilation system

The ventilation system consisted of eight variadilevolume (VAV) systems, with a maximum air
volume from 12,500 fh to 22,000 rifth. In total about 540 VAV air valves are installedthe
buildings. A brief overview of the installed veatilon systems is given in Table 7-29. The overview
gives the performance of the installed ventilatsystems including the air flow rate, the fan power,
the specific fan power of the entire ventilatiorsteyn (SPE), heating/cooling coil capacity and the
heating coil capacity. The AHUs in Table 7-29 ageipped with a rotary heat recovery exchanger
with an efficiency of 80 % at the rated conditions.

Table 7-29. Ventilation systems in the office bagdn Trondheim

Air flow rate Fan power ) )

Ventilation Supply fan Exhaust Supply fan Exhaust SFP83 Hizgzgi;ml H'eating/c.ooling

system (mih) fin (KW) fan (KWI(m*=/s) (KW) coil capacity (kW)
(m°/h) (kW)

36.01 22,000 22,000 7.47 6.89 2.17 70 92
36.02 22,000 22,000 7.47 6.89 2.17 70 92
36.03 20,000 20,000 6.30 5.83 2.01 59 84
36.04 20,000 20,000 6.30 5.83 2.01 59 84
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36.05 15,000 15,000 4.68 4.28 1.97 42 63
36.06 18,000 18,000 6.50 5.88 2.30 58 75
36.07 14,500 14,500 5.07 4.53 2.21 31 47
36.08 12,500 12,500 3.97 3.52 1.99 71 38

All the ventilation systems in Table 7-29 were VAystems with modern Static Pressure Reset
Demand Control Ventilation (SPR-DCV) that is fregtig calledoptimizedVAV. This means that the
supply air pressure is optimized in that way tha¢ ¥AV is always open. Further, this means that the
higher the air flow rate, the higher the input sigto the fan. Supplied zones and areas by each
ventilation system are given Figure 7-64. In Figuré4, the zones supplied by each AHU are shown
in different colors.

360.01

360.02

360.03

360.04

360.05

[
Do

360.08

Figure 7-64. Ventilation zones

The AHUs 36.01 to 36.06 consist of the same commisnexcept that capacities are different as given
in Table 7-29. The schematic of the AHUs 36.01 &8 is shown in Figure 7-65. The symbols as
shown in Figure 7-65 to 36 are used in the furtket to explain the work principal and the control
strategies.
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Figure 7-65. Schema of the ventilation system. 3tti@ma is valid for the 36.01 to 36.06 ventilation
systems

There are small differences in the constructiothefAHUs 36.07 and 36.08 are shown in Figure 7-66
and 36. This difference in the construction is tueequirements of the supplied zones. For example,
the AHU 36.08 is supplying the glass area thatoisatcupied and that is located between occupied
zones. Therefore there was no necessity to hetdrdine glass area more than it would be warmed up
by the heat recovering.
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Figure 7-66. Schema of the ventilation system 36.07

In Figure 7-65 it is shown that the supply air temgture, RT40, is controlled based on the exhaust a
temperature. The relation between the exhauseaipérature, RT50, and the supply air temperature
RT40, can be defined differently as shown in Figér&88. The control strategy for the supply air
temperature has been adjusted based on the exgedead occupant requirements. Depending on the
achieved supply air temperature, RT40, the heaiveyy LX01, the heating/cooling coil LK40, and
the heating coil LV40 were used. The sequence abfur these three devices is as shown in Figure 7-
65 to 36. In the heating mode (winter period)hié supply air temperature is not achieved, thetinpu
signal, LRO1, to the heat recovery wheel, LX0lnigeasing. Further, the input to the heating/aapli
coil LK40 is increasing, and finally if additionhkat is necessary the input signal to the heatiilg c
LV40 is increasing. In this sequence control, thatimg/cooling coil LK40 was prioritized. The LK40

is supplied by the heat pump 35.01, introduced abld@ 7-25 to 12. The sequence control giving
priority to the heat pump was implemented becabsedistrict heating in Norway does not have a
competitive price compared to the electricity. e of the district heating can be about 0.6.8 0
of the electricity price depending on period anggdier. In the cooling mode (summer period), if the
supply temperature, RT40, is higher than the deésiedue the input signal to the heat recovery LX01
is decreasing and the input signal to the heatogiftg coil, LK40, is increasing.
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Figure 7-68. The supply air temperatures in thetNaiion systems: a) for all the ventilation system
b) supply air temperature limits

The supply air pressure, RP40 in Figure 7-65 andi8&ontrolled Static Pressure Reset Demand
Control Ventilation (SPR-DCV) that is frequentlyiled optimizedVAYV as explained before.
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8. NOR-02: Office building in Norway

8.1 Building introduction

Figure 8-1: Building Photo

(a) Statoil office building in Stavanger.

(b) Building photo: as shown in Figure 8-1.

(c) There are 5 floors and basement. The drawing witlding height was not available. Base on the
floor numbers, it could be assumed that the buiidieight is about 15 m. The gross floor area is
19,623 M.

(d) In Norway, CDD is not an actual parameter. HDDiiseg for 2010. HDD was calculated for the
base indoor temperature of 17°C. Mean relative Hitynis given in Table 8-1.

Table 8-1: Climate data of Stavanger in 2010

Jan Feb| Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov | Dec | Year

Average high

(C) 6.4 5.9 13.9| 15.5 18 229 266|245 20.1 | 16.3 11 8.1 15.8
Daily mean

(C) -4 -1.8 3.8 6.9 8.7 12.2| 16.1| 15.5| 12.6 8.7 1.5 -3 6.4
Average low

(C) -17.7 | -128 | -9.2 | -14 | -15 5.8 88| 6.5 2.1 -1.2 | -11.7| -155| -4.0
Relative

humidity (%) 649.9| 525.8| 408.9| 302 | 257.5| 145.1| 39.4| 52.6 | 131.2| 256.8 | 466.4| 621 | 3856.6

HDD 64 | 59| 13.9| 155 | 18 | 229 26.6/|245| 20.1 | 163 | 11 81 | 158
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8.2 Energy consumption issue

8.2.1  Electricity consumption

Monthly breakdown of electricity use by major dedcand data is provided by Figure 8-2 and Table
8-2. For this case building it was not possibleneasure separately electricity use for applianzgs,
and other equipment. Energy use for fans and heapp (marked compressors in Figure 8-2) were

possible to measure separately.
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Figure 8-2: Monthly Electricity Consumption and Bkelown by Main Devices

Table 8-2: Monthly electricity consumption (kWh

Period Total Compressors| Supply fans| Exhaust fans ?ﬁ:lﬁsgleézg;!
(kwh) (kwh) (kwh) (kwh) (KWh)
Jan 226 650 4 756 13521 6 294 202 079
Feb 202 774 10 331 12 097 5631 174 715
Mar 220 649 20471 13163 6 127 180 888
Apr 201 715 9415 12 034 5601 174 665
May 208 869 7970 12 460 5800 182 639
Jun 232119 24 280 13 847 6 446 187 546
Jul 211 201 31380 12 599 5 865 161 357
Aug 215 326 25810 12 846 5979 170 691
Sep 228 413 11 505 13 626 6 343 196 939
Oct 209 896 12 587 12 522 5829 178 959
Nov 223 755 12 981 13 348 6213 191 212
Dec 220 700 14 133 13 166 6129 187 272
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Total | 2602067

185619

155 229

72 257 2188 961

8.2.2

Heating energy (M\Wh)

Heat consumption
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M Space heating and ventilation
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Figure 8-3: Monthly Heating Consumption and Breakddyy Main Devices

Table 8-3: Monthly heating consumption (k§Vh

8.2.3

Space heating Tap water
Period Total (kWh) and Ventilation (Kwh)
(kWh)
Jan 110 609 102 641 7967
Feb 89 724 81 979 7745
Mar 32778 27 195 5583
Apr 32 803 26 425 6 377
May 25271 19 933 5 338
Jun 19 374 14 346 5028
Jul 16 962 11 840 5122
Aug 16 499 10 338 6161
Sep 24 815 16 700 8 115
Oct 25164 16 896 8 267
Nov 36 711 29 279 7432
Dec 80 844 67 016 13 828
Total 511 553 424 590 86 963

Energy flow diagram
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Figure 8-4: Energy Flow Diagram of the Case Builglin

8.3 Occupant behavior

The building was design for 1200 occupants. In ganéhere are 1000 occupants every day in the
building. This office building is rented to one cpamy. Most of the employees are engineers,
researchers, and administration. In our study we ribt follow detailed when and how many
occupants came to the building. In addition, thereo mean to follow exactly number of occupants.
Since the installed ventilation system is VAV, fitresence schedule can be assumed based on the fan
input signal. This assumed occupancy schedule aséue fan input signal is given in in Figure 8-5.

In general, it can be assumed that working houeb@ut 2000 hours for light and ventilation in the

building. Light in the corridors and common areavisrking longer. Working hours of the IT server
room is 8760 hours.
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0. AUT-01: Single Family House in Austria

9.1 Introduction

This case study house is the first in a serietir@fet that have been compared in a study invesigati
the relationship between the energy certificatewations, the impact of actual thermal renovations
on energy use, and user behaviour in the individoabkes.

9.2 Location and climate conditions

e

W

] e  clge \

-
Sy

"'\f---’i
% .
Figure 9-1: House location in Vorarlberg, Austria

The detached single family house is located inMbiarlberger Highlands close to the western border
of Austria as seen in Figure 9-1. Average montbingeratures range between -4°C to 24°C and is
within the cool/temperate Alpine climate zone.

9.3 Overview of the detached house

The single family house was built in 1987 and hasated building volume of

709.8 m3 and a gross floor area of 280.6 m2. Thgsma construction heated basement has an area of
91.7 m? and the upper floors are moderately masimstruction with an area of 189 m2. Figure 9-2
shows the floor plans.
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Figure 9-3 shows a schematic cross section of thusérwith heated, partially heated, and unheated
zones. The attic is unheated and shown in blue.gfoend and upper floors are heated to 19 °C +
0.5 °C and are shown in yellow. The partially hddtasement is heated within a temperature range of

11.60

Bunker
85m*

7.90

Hobby Room
229 m’

40,50

545

Heating
Equipment
M7 m?

Laundry
1H2m

Stairs
21.3m*
18-19°C —

Caller
13.1m*
before 15°C
current

11-12°C

270 345

Basement

3.40

2.00

2.50

0.50

Garage

Figure 9-2: Ground floor, upper floor and basem#éabr plans

14 °C to 18 °C. The site is sunny and is in a semat area.

Table 9-1 summarizes the U-values and areas foopihque building envelope assemblies in the base

Figure 9-3: House 1 cross-section showing heatewgo

heated upper floor

19°C £ 0.5°C

heated ground floor

partially heated basement

14°C - 18°C

case and renovated scenarios that were used aalifidations.

Table 9-1: House 1 base case and renovated opagjldiig assemblies

Area Correction Base Case Renovated
. Factor
Building assembly A f U-Value | AXUxF| U-Value | AXUXF
[m?] [] Wim2K] | [W/K] | [W/meK] | [WIK]
ADO1 gtfi'(';'”g to unheated closed) ¢, 4 0.9 0.27 15.0 0.15 8.4
EWO01 | North exterior wall 7.2 1 0.31 2.2 0.31 2.2
EWO02 | Ventilated exterior wall 1335 1 0.26 34.3 0.22 9.
Ewo3 | Basement wall - 29.5 1 0.67 19.6 0.67 19.6
aboveground
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EWO04 | Exterior wall by entrance 4.3 1 1.00 4.3 1.00 4.3

ppo1 | EXterior slab, Downward | 5 1 0.20 0.6 0.20 0.6
heat flow

ATO1 | Ventilated pitched attic 47.8 1 0.23 10.9 0.23 10.9

ECO1 | Slab on grade 93.0 - 0.94 - 0.94 -

EWO01 Exterlor wall below grade 50.7 i 0.69 i 0.69 i
(in heated rooms)

jwoz | Interior wall to Garage, 13.4 07 0.37 3.4 0.37 3.4
Ground floor
Interior wall to Garage,

IW02 Upper floor 7.6 0.7 0.26 14 0.26 14

jwog | Interior wall to Garage, 4.1 0.7 0.63 1.8 0.63 1.8
Basement floor

W/D | Windows & doors 29.1 1 - 43.6 - 43.6

The windows are double-paned insulating glass waith., value of 1.2 W/m2K and solar heat gain
coefficient of 0.62. The windows have a softwooanie with Y value of 1.6 W/m2K ands-value

(heat transfer coefficient) of 0.06 W/mK for thengdow spacer. Table 9-2 summarizes the window

areas and transmittances according to cardinaitgire

Table 9-2 Window areas (House 1).

A A-U-f

[m?] [WI/K]
North 4.36 6.40
East 8.78 13.71
South 7.83 13.19
West 4.98 5.40
East roof lights 0.98 1.48
West roof lights 2.21 3.38
Total 29.14 43.56

In total, there were three stages to the thermabvations. The impermeability of the exterior

envelope was averaged between the airtight basesignsmall windows partially under ground level,

and the partially massive construction and wooth&@onstruction of the above ground floors.

269



g .05

[ T $ P i - i .7
Figure 9-4: Thermographic image of the floor slainnection between the first and upper floors.

As seen in Figure 9-4, thermal bridges exist atliham connections supporting the ground floor
ceiling and the junction with the exterior wall.

First renovation, January 2005
In 2005, the hot water boiler for heating and DHVdsweplaced and radiant floor heating was
installed in both the kitchen and bathroom withggesnmable thermostatic controls.

Second renovation, January 2008
The exterior envelope was renewed in two stagedammary 2008, 10 cm of fiberglass insulation was
added to the attic space.

Third renovation, September 2009

In September 2009, 5 cm of EPS was added to trentmt ceiling along with 3 cm of fiberglass to
the exterior walls as part of the renewal of thatVated exterior facade. The overall airtightnéess
estimated to have increased from aawvalue of 3.5 1 prior to the renovations to aggvalue of 3 i
after the facade renewals.

9.4 HVAC overview

The base case heating system is a water-basedorasiyagtem using a gas boiler (built in 1978) to
provide both DHW (domestic hot water) and room imgatThe DHW tank and the gas boiler are
located in the boiler room in the heated portiontltf basement and have insulated piping with
insulation thickness of 1/3 of the pipe diametell. eating controls in the basement are manually
controlled valves. A closed stove is located inkitehen and the firewood used is calculated usimg
energy expenditure factor, FEAZ of 0.55.

The pipe insulation default value of 2/3 was usadafl pipe runs from

ONORM H 5056 for calculating the heating systemrgpelemand.
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Base case HVAC equipment

A Junkers gas boiler (1978) with power consumpitdril kW provided heat for both DHW and
heating. Room heat was distributed through radiatoth thermostatic radiator valve controls in each
room of the ground and first floors. The portiofishee basement with room heating were heated using
radiators with manual valves.

Renovated HVAC equipment

A Viessmann gas boiler for both DHW and heatindaegd the previous gas boiler in 2005 and has
variable power consumption between 4.5 and 12 kW.

Radiant floor heating with programmable thermostatine control was installed in the ground floor
kitchen and the bathroom. All other parts of the A@/system remained the same as the base case
scenario.

9.5 Family members and occupant behaviour

An elderly couple live in the house and are presentiverage 18 hours a day. The average indoor
temperature in the primary rooms is 19.5 °C; arelrdmaining rooms are heated only when in use.
Table 9-3 summarizes the values used in the eneggyficate calculations to represent occupant

behaviour. TFA is the total floor area.

Table 9-3: Occupant behaviour for energy certifecatlculations
Ground and upper floor indoor temperatures 19.5°C
People 0.53 W/m2 TFA
Appliances and lighting 2.08 W/m2 TFA
Domestic hot water 4.54 kWh/m?a

Internal loads 2.61 W/m2TFA

The occupants smoke in the kitchen. When preskatkitchen is ventilated hourly. The rest of the
house is ventilated when necessary. Table 9-4 suiresahe monthly air change rates in relation to
ventilation pattern.

Table 9-4: Air change rate

Air change rate n [fj

Month 1| 2| 3| 4| 5| 6] 7| 8| 9| 10 11 12
Single-sided window 0.07| 0.07| 0.08| 0.09| 0.09| 0.10| 0.09| 0.10| 0.09| 0.09 | 0.08 | 0.07
ventilation

Cross ventilation 0.01] 0.01| 0.01] 0.02| 0.02| 0.03| 0.03| 0.03| 0.03| 0.01| 0.01| 0.01

Infiltration | Base case | 0-35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35| 0.35
through 9ap$ oo ovated | 0.3 | 03| 03| 03| 03| 03| 03| 03| 03|03| 03] 03

Table 9-5 shows the self-reported individual howetilation patterns over a 24 hour time period pe
room.

Table 9-5: Hourly user ventilation profile per room

Hourly opening time in minutes with an outdoor tergiure of 10C

Area
Floor Room ‘

755 | opanng [ 1] 2[5 4] 5] 7]s] o [10] 1] 2] 9] 14 18] 16 17 [0 30 20 o 22 20
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Boiler Room 0.5 Tilted 2
Stairs 0.5 Tilted 2
Fully
Basement Laundry 0.5 open 5 5
Hobby Room 0.5 Fully 5
open
Cellar 0.5 Tilted 5
Kitchen 15 Fully 10 5/5]|5 5|5|5|5]s
open
wcC 0.3 Tilted 5 10 10
Ground Floor | Office 09 | Fulv 10 10
open
Stairs 41 | Ruly 2 2| 2 2| 2
open
Music Room 0.9 Tilted 5
Fully
Bedroom 1 0.3 open 10
wcC 15 Tilted 10 5
Upper Floor | Bath 0.2 Tilted 10 5
Bedroom 2 15 Fully 10
open
Guest Bedroom| 0.9 Fully 2
open

The hot water demand is estimated as 25 litresdpgr per person or 50 litres per day (for two
inhabitants).

9.6 Investigation methodology

The total energy use was estimated using standend)e certificate calculations and adapted energy
certificate calculations which were then compareddtual heating energy use.

A regional climate profile for the province of Volzerg is used for the standard energy certificate
calculations, along with a single standardized ymefile as per ONORM 8110-5. The regional
climate profile used in the standard calculaticndased upon weather data from 1951 to 1980. The
annual mean outdoor temperature has risen singe theich is why actual climate data from the
Feldkirch weather station was used in the adaptedgyg certificate calculations. The weather station
is located within 18 km from the house.

The values for the standard user profile usedenfthstrian energy certificate calculations are giire
Table 9-6.

Table 9-6: User profile for single family homespes ONORM 8110-5

Indoor temperature Oin 20| °C
Temperature in the unheated areas Oiu 13| °C
Air change rate nLFL 0.4 1/h
Internal gains Ginn 3.75| W/m2TFA

: wwwhb 35.0| Wh/d m?TFA
Domestic hot water demand 12.8| kWh/m2 a
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Personal interviews and a questionnaire were cdemh® obtain information about user habits and
also incorporated within the adapted energy cedié calculations to increase the accuracy of see u
profile.

9.7 Energy demand calculations and actual energy use

Gas and electricity energy bills were obtained @veeriod of nine years from 2001 to 2010 from the
inhabitants as outlined in Table 9-7. Actual energgsumption is listed in the table.

Table 9-7: Natural gas and electricity consumptionHouse 1.

, Gas Electricity
Period m3 KWh
October 2001 — September 2002 2121 4971
October 2002 — September 2003 2096 4979
October 2003 — September 2004 1783 4920
October 2004 — September 2004 1808 5060
October 2005 — September 2006 1755 5265
October 2006 — September 2007 1341 5466
October 2007 — September 200§ 1661 4868
October 2008 — September 2009 1590 5315
October 2009 — April 2010 1355

In the kitchen, 0.5 to 1.5 m3 mixed wood is buret pear in a closed wood burning stove.

Figure 9-5 shows the quantitative energy flows tlgio the heating system between the base case
scenario and the renovated case. The largest chiarthe heating system energy demand which is

almost halved (46%) in the renovated case comparéte base case decreasing by 5002 kWh/a. The
fuel requirement also decreased by 5437 kWh/a.tivelto the heat losses from the heating system

energy demand, the 18% change in the fuel requiteiadess dramatic.
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Energy Flows in k\Wh/a

Hin 2004 (base case) ®in 2010 (renovated)

Figure 9-5: Comparison of energy flows in kWh/a.

Figures 9-6 and 9-7 show the schematic energy ftbwsigh the hot water heating system for DHW
and room heating including electricity and housdhelectricity supply for the base case and
renovated scenarios. To the left of the dashedboethdary are the energy sources that are delitered
the house for room heating and DHW: firewood, raltgas, and electricity. The yellow circles
represent the point where the values can be cawdd primary energy values. At this point,
greenhouse gas emissions and fuel costs can alsmlbglated. To the right of the dashed red
boundary is the building services (technical) emeépt contained in the house for generating room
heating and DHW, EThe blue arrows show the delivered energy tabikiling and the distribution

to the building services to the left of thg Boundary. The red arrows indicate the flow of gates
heat from each part of the system. The grey ariodisate energy losses in the technical equipment
and system due to combustion, storage and diswibuthe resulting usable heat for DHW and room
heating are shown to the right of the dashed glemmdary, E along with household electricity
which is also used in the building by the inhalkigan
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Figure 9-6: Energy flow analysis in kWh for 2004fe base case scenario.

The delivered energy values have been taken dirrotin household energy bills. The energy used by
technical equipment and the household is calculated

A comparison of both energy flow diagrams shows #ittaough the wood input in the wood burning
stove remains constant, the natural gas input ¢sedsed by approximately a quarter, whereas the
boiler heat losses by combustion, heat distributimd storage are halved due to the renovation
measures of additional thermal insulation, upgrauatdwater boiler, and installation of radiant floo
heating in the kitchen and bathroom.
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Figure 9-7: Energy flow analysis in kWh for 201Cte renovated scenario.
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Figure 9-8 shows an overview of the differencesvben the original energy certificate calculations,

the adjusted values with more accurate climateus®d profile data together with the actual heating
energy consumption of the house for the years tvH02 and 2009. The fuel requirement was
calculated using the monthly balance method withwkeather station climate data. Energy demand
estimations for 2010 and 2011 were also calculatebare in the two rightmost columns.

(1]

2002 2003 2004 2005 2008 2007 2008 2009 2010 2011

60,000

50,000

40,000

30,000

Fuel Use in kWWh/a

20,000 -

10,000 -

mEnergy Certificate m Adapted climate & user data Actual fuel use

Figure 9-8: Comparison of energy certificate caltidns and energy certificate calculations using
adapted climate and user data to actual fuel use.

There is little change between the original andustéjd calculated values in comparison with the
actual heating energy use. Actual use is lower tiath sets of estimated values by a range of 20% to
37%. Heating energy bills for 2010 and 2011 wereavailable, and are thus excluded from the graph.
In House 1, total annual heating energy use deeselag 7800 kWh/a between 2002 and 2007, then
increases the following year by 3200 kWh/a. A palssiexplanation for the difference between
predicted and actual energy use is that the esariatioor temperatures for the secondary rooms was
too high. The higher energy use in 2008 and 20@8roafter all the renovations have been completed.
It may reflect a rebound effect whereby the intelit become accustomed to a higher comfort level
and energy savings as seen in the lowered enesly, @nd therefore change their behaviour to heat
less frugally than previously, e.g. heating secondaoms that were previously unheated, or heating
primary rooms for a longer period of time.

An economic rebound effect is defined as the pdam@ization of potential energy savings caused by
the homeowner’s perception of cost savings (Biemeawl., 2005).

9.8 Conclusions

The combined effect of improving the thermal enpeloupdating HVAC systems, and conscientious
user behaviour can significantly decrease overatgy use in residential buildings. The accuracy of
prediction tools can be increased by better consiaba of user behaviour by using more sophistitate
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statistical models that consider the presence pitityaof people and more detailed knowledge about
indoor temperature.

9.9 References
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10. AUT-02: Single Family House in Austria

10.1 Introduction

This case study house is the second in a seriethreé that have been compared in a study
investigating the relationship between the calcorest in the energy certificate, the impact of actua
thermal renovations on energy use, and user belmavidhe individual houses.

10.2 Location and climate conditions

3 e

A

Figure 10-1: House location in Vorarlberg, Austria

The detached single family house is located inMbiarlberger Highlands close to the western border
of Austria as seen in Figure 10-1. Average monteiyiperatures range between -4°C to 24°C and is

within the cool/temperate Alpine climate zone.

10.3

Overview of the detached house

The single family house was built in 1965 and hasated building volume of
520.1 m3 and a gross floor area of 185.2 m2. Tlkerdnant is massive construction and unheated. The
heated ground and upper floor are moderately massimstruction. Figure 10-2 shows the floor plans.
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Figure 10-2: Ground floor and upper floor plans
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Figure 10-3 shows a cross section of the house haifited and unheated zones. The attic and
basement are unheated and shown in blue. The gemohdipper floors are heated to 20 °C £ 0.5 °C
and are shown in yellow. The site is sunny and & $emi-rural area.

: heated upper floor
20°C £ 0.5°C

heated ground floor

Figure 10-3: House 2 cross-section showing heatertg.

Table 10-1 summarizes the U-values and areas @&opaque building envelope assemblies in the
base case and renovated scenarios that were uezldalculations.

Table 10-1: House 2 base case and renovated opagjlding assemblies

Correction
Area factor Base case Renovated
Building assembly A f
U-Value | AXUxF| U-Value | AXUxF
[m?] [] [W/m2K] [WIK] [W/m2K] [WIK]
EWOL1 | Exterior wall 175.2 1 0.58 101.6 0.12 21.0
ATO1 | Ventilated pitched attic 51.5 1 0.28 14.4 0.2§ 14 .4
ADO1 | Ceiling to unheated closed attjc 55.4 0.9 0.86 10.0 0.20 10.0
BDO1 | F100r slab to unheated 99.4 0.7 0.55 38.3 0.17 11.8
uninsulated basement
DDO0L1 | Ceiling over entrance 1.8 1 0.58 11 0.12 0.2
W/D | Window & Door 29.0 1 2.62 75.8 0.89 25.7

The base case windows are double-paned clear fimguiass (6-8-6) with a

Ug-value of 2.7 W/m?K and solar heat gain coefficiehD.71. The windows have a softwood frame
with Us value of 1.8 W/m2K andy-value (heat transfer coefficient) of 0.07 W/mK fitve window
spacer.

The windows were replaced as part of the renovafitve new windows are triple-paned insulating
glass with a value of 0.5 W/m2K and a solar heat gain coeffitief 0.53. The windows have a
combined wood-aluminium frame with talue of

1.4 W/m2K andy-value of 0.03 W/mK for the window spacer.

Table 10-2 summarizes the window areas and tratesmés according to cardinal direction.
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Table 10-2 Window areas (House 2).

Base case Renovated

A A-U-f A-U-f

[m?] [W/K] [W/K]
North 10.3 25.38 9.76
East 2.8 7.43 2.39
South 12.0 32.26 10.16
West 4.0 10.77 3.42
Total 29.0 75.84 25.73

In total, there were two stages to the thermal vations. The estimated exterior envelope airtigbgne
was no =5 h-1 due to the high infiltration rate throutpe base case windows.

First renovation, March 2008

In March 2008, the heating system was renewed &tah@ed by installing solar thermal panels and
installing a new hot water tank. At that time, thtic was also insulated with 22 cm fibreglass
insulation.

Second renovation, September 2009

The exterior walls were thermally insulated with @& EPS-F and the ground floor slab to the
basement was insulated with 12 cm EPS-F. New wisdeere also installed as part of the thermal
renovation of the exterior walls. Due to the conebinrenovation measures, the estimated house
airtightness n50 value is 2.55.h

10.4 HVAC overview

The base case heating system is located in theateth@ortion of the basement. The pipe insulation
default value of 2/3 was used for all pipe runsfro

ONORM H 5056 for calculating the heating systenrgpelemand.

Base case HVAC equipment

A heating oil boiler (extra light) from 1978 wittoer consumption of 20 kW provided heat for both
DHW and heating. The hot water heating supply teatpee is 60°C and the return temperature is
50°C. Room heat was distributed through radiatdth whermostatic radiator valve controls in each
room. A DHW tank with 300 litre capacity was ingtalin 1978.

Renovated HVAC equipment

In 2008, a low temperature Vissmann Vitola 200 tligleating oil boiler with variable power
consumption between 18 and 63 kW replaced the ailérb The circulating hot water heating supply
temperature was lowered to 40°C and the return ¢eatypre to 30°C. The room heat distribution
remains the same: radiators with thermostatic tadialve controls in each room.

The DHW tank was replaced with a larger 500 litnektas part of the 2008 renovation.

4.8 mz? of thermal solar panels were installed @wtiast side of the roof. The roof pitch is 30°.
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10.5 Family members and occupant behaviour

The detached single family house is occupied bgettinhabitants who are present on average 16
hours a day. Table 10-3 summarizes the valuesinsth@ energy certificate calculations to represent
occupant behaviour. TFA is the total floor area.

Table 10-3: Occupant behaviour for energy certificaalculations in House 2

Room temperature 19.5°C
Peopl .53 W/m2TFA

Internal loads eop © — 0.53 W/m*TF/ 2.61 W/m2TFA
Appliances and lighting 2.08 W/m?THA
Domestic hot water 4.54 kWh/m2a

The occupants air the house each morning for 1% tminutes and open windows when the indoor air
is perceived to be stuffy. Table 10-4 summarizesntionthly air change rates in relation to venbiati
pattern.

Table 10-4: Air change rate

Air change rate n [H

Month 11 2| 3| a| s| 6| 7| 8 9 1011/ 12
Single-sided window 0.08| 0.08| 0.09| 0.09| 0.10| 0.10| 0.10| 0.10| 0.10| 0.10| 0.09| 0.08
ventilation

Cross ventilation 0.09| 0.08] 0.09| 0.15/ 0.18] 0.26| 0.23| 0.22| 0.21] 0.11] 0.11] 0.10

Infiltration Basecase | 0.5| 0.5/ 0.5/ 05| 0.5| 0.5/ 0.5/ 05| 0.5| 0.5/ 0.5/ 05
through gaps | Renovated | 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25| 0.25

Table 10-5 shows the self-reported individual hpwéntilation patterns over a 24 hour time period
per room.

Table 10-5: Hourly user ventilation profile per nmo

Hourly opening time in minutes with an outdoor temgiure of 10C

Area

Floor Room m2 Opening |1(2(3(4|5|6|7|8|9(10|11|12|13|14|15|16| 17| 18| 19|20 21| 22
. Fully
Kitchen 1.7 open 6
Living Room A 2.3 Tilted 6
Living Room B 1.3 I;ulé;; 5
Ground floor FSIIy
Study 1.9 open 6
Fully
Entry 1.7 open 5 5 5
Fully
Bathroom 0.9 open 5
Bedroom 1 19 Fully 6
open
Bedroom 2 2.3 Eug 6
Upper floor Fp"
Bedroom 3 1.3 Wy 6
open
Fully
Bathroom 0.9 open 6 5 6
Cross ventilation Window areas
Ground floor 40&5.0 12
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10.6 Investigation methodology

The total energy use was estimated using standemd) certificate calculations and adapted energy
certificate calculations with weather station datal user data from questionnaires which were then
compared to actual heating energy use.

A regional climate profile for the province of Volzerg is used for the standard energy certificate
calculations, along with a single standardized ysefile as per ONORM 8110-5. The regional
climate profile used in the standard calculationbased upon weather data from 1951 to 1980. The
annual mean outdoor temperature has risen singe theich is why actual climate data from the
Feldkirch weather station was used in the adaptedgyg certificate calculations. The weather station
is located within 18 km from the house.

The values for the standard user profile usedenfthstrian energy certificate calculations are giire
Table 10-6.

Table 10-6: User profile for single family homespgas ONORM 8110-5

Indoor temperature Oin 20| °C
Temperature in the unheated areas Oiu 13| °C
Air change rate NyFL 0.4| 1/h
Internal gains Aihn 3.75| W/m2TFA

, wwwh 35.0| Wh/d m?2TFA
Domestic hot water demand 12.8| KWh/m2 a

Personal interviews and a questionnaire were cdepl® obtain information about user habits and
also incorporated within the adapted energy cedtié calculations to increase the accuracy of see u
profile.

10.7 Energy demand calculations and actual energy use

The heating oil consumption for the heating pewwd@006 to 2007 and 2007 to 2008 were estimated
using the filled oil level in the oil tank and weBd42 litres and 2623 litres respectively. Montally
consumption and heat gains began to be recordégbiiih 2008 with the combined heating system
renewal and thermal solar panel montage. Table Xhdws the heating oil and electricity
consumption with solar heat gains from the thersotdr panels.

Table 10-7: Heating oil and electricity consumptiocembined with thermal solar heat gains from
the solar panels for House 2.

Heating Oil Solar heat gains
Period Iitreg Electricity kWh from the solar
panels
October 2006 — September 2007 3442
October 2007 — March 2008 2623
April 2008 256 432
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May 2008 10 704
June 2004 13 409
July 2008 6 539
August 2008 4 822
September 2008 86 307
October 200§ 161 237
November 2008 284 30
December 2008 417
January 2009 471
February 2009 376 30
March 2009 339 298
April 2009 92 648
May 2008 33 704
June 2004 6 614
July 2009 6 809
August 2009 1 822
September 200P 8 307
October 2004 91 272
November 2009 143 77
December 2009 206 2
January 2010 236 11
February 201 192 322 110
March 2010 166 326 495
April 2010 92 273 765
May 2010 57 287 555
June 201( 18 287 708
July 2010 7 323 827
August 2010 17 342 698
September 201 26 284 474
October 201( 105 260 336
November 201( 181 262 66
December 2010 173 277 3
January 2011 297 274 16
February 2011 195 274 161
March 2011 156 286 508
April 2011 28 132 463

As electricity consumption prior to February 20Kuinknown, an average value of 301 kWh per
month was used based upon an average value frometbeded months of February 2010 to April
2011.

Figure 10-4 compares the transmission heat lossth® ibase and renovated cases of the house. Due to
the exterior fagade renewal and ground floor slabulation, the transmission heat losses are
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significantly reduced for all building assembly egadries, from slightly lower than 50% improvement
for thermal bridges to up to 77% for the abovegmbarterior walls.

12,000

10,000 T

8,000 -

6,000 -

4,000 -

Transmission Heat Losses in kiWh/a

2,000 -

Aboveground Attic Basement Window/Door Thermal
Wall Bridges

Building Assembly Group
2006 (Base Case) m2010 (Renovated)

Figure 10-4: Base and renovated case comparisdraabmission heat losses for building assembly
groups.

Figure 10-5 shows a comparison of the energy flogtsveen the base case scenario and the renovated
case. Similar to the calculated transmission IQdbese are significant changes from the base case
scenario in almost all categories aside from DHVdting demand and internal gains which remain
constant. The largest change is the heating ersgand which decreases by more than two-thirds
(68%) in the renovated case compared to the base decreasing by 17 933 kWh/a. The fuel
requirement, transmission heat losses, and hegyistgm energy demand also decrease by over 60%,
with changes of 67%, 65%, and 63% respectivelyehtes visible that the combination of increasing
the exterior envelope thermal insulation combinéith imcreased airtightness significantly reduces th
energy demand of the entire heating system.
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Figure 10-5: Comparison of energy flows in kWh/a.

Figures 10-6 and 10-7 show the schematic energytfioough the hot water heating system for DHW
and room heating including electricity and housdhelectricity supply for the base case and
renovated scenarios. To the left of the dashedboehdary are the energy sources that are delivered
the house for room heating and DHW: heating oil atettricity. The yellow circles represent the
point where the values can be converted to pringargrgy values. At this point, greenhouse gas
emissions and fuel costs can also be calculateth&@ dght of the dashed red boundary is the bugidi
services (technical) equipment contained in theshdor generating room heating and DHW, e
blue arrows show the delivered energy to the bugidind the distribution to the building services to
the left of the | boundary. The red arrows indicate the flow of gatexl heat from each part of the
system in kWh. The grey arrows indicate energydssn the technical equipment and system due to
combustion, storage and distribution. The resultiagble heat for DHW and room heating are shown
to the right of the dashed green boundary,afong with household electricity which is alsedsn

the building by the inhabitants.
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Figure 10-6: Energy flow analysis in kWh for 2004he base case scenario.

The delivered energy values have been taken dirfrotin household energy bills. The energy used by
technical equipment and the household is calculated

The energy flow analysis in the renovated sceng@igure 10-7) contains a secondary heat source:
solar thermal panels. In this case, the heat floensblar panels contributes to the DHW demand,
decreasing heating oil use proportionally. Thertrersolar power is classified as a renewable energy
source and becomes part of the renewable energgysieln, E in the building technical systems
section. The energy flow from the solar thermalesysis shown in orange. In comparison to Figure
10-6, the heating oil demand is less than a tHirtth@ original requirement. The combined heat Issse
from combustion, heat distribution and storage halge been decreased by a third in comparison to
the original heat losses. The significant decreasdsuilding services heat losses correlates to the
decrease in transmission heat losses in the extarielope as seen in Figure 10-4.
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Figure 10-7: Energy flow analysis in kWh for 20hGhe renovated scenario.

The importance of collecting local climate data &scertaining accurate estimations is seen in Eigur
10-8 which compares the difference between the g@lns as per the historic weather data file, the
weather station, and the solar gains recorded ftioen solar panels. The local solar gains are
significantly higher, as indicated by the blue linkhe difference varies by up to 78% from the
regional climate profile in the energy certificate.
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Figure 10-8: Solar gains from the solar panels Wik¥month.

Figure 10-9 shows actual and calculated annualrfteanergy uses for the house over four years from
2006 to 2010. Both sets of energy certificate datmns overestimate actual energy use, especially
during the last recorded year after the extericmetope was insulated. The graph also shows that in
this case, thermal renovations have a greater impamverall heating energy use than efficiency

improvements in heating equipment. Energy use ptiedi accuracy increases with thermal envelope
improvements, and deviations from actual energy fosghe adjusted calculated values decreases
from 35 % in 2008 to 12% in 2009. Annual heatingrgy use decreases overall by 21,922 kWh/a
between 2006 and 2010.
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Figure 10-9: Comparison of energy certificate cd#tions and energy certificate calculations using
adapted climate and user data to actual fuel use.

10.8 Conclusions

The results showed that the calculated values eeckactual energy consumption by up to 35%. The
main reasons for the discrepancies between thmadstil values in the Austrian energy certificate
calculations and the actual consumption showeddbttiled input data including information about

user behaviour, building services, climate dataj hoilding construction are needed for accurate

estimations.
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11. AUT-03: Single Family House in Austria

11.1 Introduction

This case study house is the third in a seriehrektthat have been compared in a study invesigati
the relationship between the calculations in thergy certificates, the impact of actual thermal
renovations on energy use, and user behavioudixiftual houses.

11.2 Location and climate conditions

~ -

A

Figure 11-1: House location in Vorarlberg, Austria

The detached single family house is located inMbiarlberger Highlands close to the western border
of Austria as seen in Figure 11-1. Average monteiyiperatures range between -4°C to 24°C and is
within the cool/temperate Alpine climate zone.

11.3 Overview of the detached house

The single family house was built in 1957, andoisaked at an altitude of 540 m above sea level in a
semi-rural area. The heated building volume is 8553 and gross floor area is 164.4 m2. The
basement is massive construction and unheatedgiidend, first, and attic stories are moderately
massive construction. Figure 11-2 shows the fldang
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Figure 11-2: Ground, upper, and basement floor plan

Figure 11-3 shows a cross section of the house véittted and unheated zones. The attic, upper floor,
and basement are unheated and shown in blue. Duadyfloor is heated to 20 °C + 0.5 °C and is
shown in yellow. The site is sunny and is in a seumal area.

heated ground floor
20°C £ 0.5°C

Figure 11-3: House 3 cross-section showing heaterg.

Table 11-1 summarizes the U-values and areas @&opaque building envelope assemblies in the
base case and renovated scenarios that were ugezrldalculations.

Table 11-1: House 3 base case and renovated opagjiding assemblies

201

Area C?cgg%trion Base case Renovated
Building assembly A f U-Value | AxUxF| U-Value | AxUxF
[m?] [-] [W/m?K] [WIK] [W/m?K] [WIK]
EWO01 | Exterior wall 79.1 - - 0.6 0.13 -
Léf’opoerr ADO1 | Ceiling to unheated closed attic 80.] - 0.25 - 013 -
EWO2 | Exterior wall to buffer zone 11.7 - 0.79 - 0.79 -
GFrl?)lj)I:d EWO0L1 | Exterior wall 74.6 1 0.60 44.9 0.13 10.0
IW01 | Ceiling to upper floor 83.7 - 0.75 - 0.75 -




FSO1 Grpund floor slab to unheated 83.68 i 0.68 ) 0.19
uninsulated basement
IW02 | Wall to garage 17.1 0.7 0.79 9.4 0.79 9.4
EWO02 | Aboveground exterior wall 31.0 - 1.2 - 0.15
?naesnet' UWO01 | Underground exterior wall 60.6 - 1.3 - 1.26
ECO01 | Basement floor slab 80.7 - 4.13 - 4.13

The base case windows are double-paned clear iimguiglass with a Ug-value of 1.13 W/m2K and
solar heat gain coefficient of 0.63. The PVC windamere manufactured by Internorm and the frame
has Uf-value of 1.2 W/m?K ang-value (heat transfer coefficient) of 0.046 W/mK tbe window
spacer. The windows were not replaced as part efrémovation referred to in this study. The
windows were changed in 1998. Table 11-2 summatieesvindow areas and transmittances oriented
to cardinal direction.

Table 11-2 Window areas (House 3).

A A-U-f
[m?2] | [WIK]
Northeast 1.04 1.40
Southeast 3.38 4,50
Southwest  5.07 6.54
Northwest 2.72 3.50
Totals 12.21] 15.94

Prior to the thermal renovation, the estimatedrextenvelope airtightness was

n50 = 3.5 H.

Renovation, September 2010

In September 2010, the exterior facade was reneameldsolar thermal panels were installed. The

exterior walls were insulated with 18 cm EPS-F, ¢gheund floor slab to the unheated basement was
insulated with 12 cm EPS-F, and the ceiling touhbeated attic was insulated with 12 cm Heralan-FP
mineral wool insulation. Due to the combined effetthermally upgrading the exterior envelope, the

building airtightness increased resulting in a lowg0 value of 2.5

11.4 HVAC overview

The base case heating system (boiler and DHW tanlkcated in the unheated basement. The pipe
insulation thickness default value of 2/3 from ON®RY 5056 was used for all pipe runs for
calculating the heating system energy demand.

Base case HVAC equipment

A Junkers natural gas boiler (2001) with varialbepr consumption from 7 kW to

25 kW provided heat for both DHW and heating. Tlo¢ Wwater heating supply temperature is 40°C
and return temperature is 30°C. Room heating itrilbiged through radiators with thermostatic
radiator valve controls in each room.
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The living room, kitchen and corridors on the grdutoor are heated by a modern wood-burning
stove. The firewood used in the base case sceisarion? per year. The excess heat from the stove is
used to heat DHW. The DHW tank has a storage ciypaici00 litres, and was built in 2001.

Renovated HVAC equipment
On the southeast side of the roof, a 10 m? theswlar array was installed. The roof pitch is 30fteA
upgrading the exterior envelope, firewood use desad to 2.5 m3 per year.

115 Family members and occupant behaviour

The detached single family house is occupied byihkabitants who are present
18 hours a day on average. Table 11-3 summarizesvéifues used in the energy certificate
calculations to represent occupant behaviour. T&#hé total floor area.

Table 11-3: Occupant behaviour for energy certificealculations in House 3

Room temperature 20.3 °C
2
Internal loads People — 1.79 W/meTFA 5.89 W/m2TFA
Appliances and lighting 4.09 W/m2TRA
Domestic hot water 18.3 kWh/m2a

The upper floors have been unused for many yeatsannot heated. The heated ground floor area is
83.7 m2. The estimated DHW use is 30 liters per day

Table 11-4: Air change rate

Window — Air change rate, n ff

Month 1 2 3 4 5 6 7 8 9 10 11 | 12
Upper Cross 0.06 | 0.05| 0.06| 0.10| 0.13| 0.19| 0.17| 0.17| 0.14 | 0.07 | 0.07 | 0.07
floor ventilation
Single-sided
window 0.05 | 0.05| 0.07 | 0.08 | 0.09| 0.10| 0.09 | 0.10| 0.08 | 0.08 | 0.06 | 0.06
Ground o
floor ventilation
Cross 0.08 | 0.07| 0.08| 0.13] 0.16| 0.23| 0.21| 0.19| 0.18 | 0.10| 0.09 | 0.09
ventilation

Air infiltration through the building envelope walso calculated and is found in
Table 11-5.

Table 11-5: Air infiltration rate, House 3

Air change rate, n [l
Base case Renovated

infilration | Upper | ~PPe" fIoor to outdoor oa0 | 030 | o4 | 026

floor ) )
Ground to first floor 0.10 0.09

25%
Ground Ground floor to o

floor outdoor air 50% | 0.40 | 0.20 | 0.35 | 0.18
Ground floor to 25% 0.10 0.09
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basement

Basement 0.30 0.30
Basemegitrto outdoo 0.20 0.21

Table 11-6 shows the self-reported individual hpwéntilation patterns over a 24 hour time period
per room.

Table 11-6: Hourly user ventilation profile per nmo

Hourly opening time in minutes with an outdoor tergiure of 10C
Single-sided Area
window Room m2 Opening |1(2(3(4|5|6|7|8|9|10|11|12|13|14|15|16|17|18| 19|20 21| 22
ventlation
- Fully
Living Room 2.0 open 3
Kitchen 2.0 ';”'2; 505 5
Ground floor Fpll
Bedroom 1.4 uly 3
open
Bath 0.4 Fully 5 5
open
Cross ventilation Window areas
Ground floor 20&1.4 12
Upper floor 14&1.4 12
11.6 Investigation methodology

The total energy use was estimated using standemd) certificate calculations and adapted energy
certificate calculations, both which were compauedctual heating energy use.

A regional climate profile for the province of Vollgerg is used for the standard energy certificate
calculations, along with a single standardized ysefile as per ONORM 8110-5. The standardized
energy certificate calculations considers the h@assene zone, and thus, the unused upper floor and
attic space are calculated together as part oh#daed zone at 20°C. The ground floor slab to the
unheated basement is simplified in the calculatitm& floor slab bordering on an unheated and
uninsulated basement with a temperature corretdicior of F, = 0.7.

The regional climate profile used in the standaiduations is based upon weather data from 1951 to
1980. The annual mean outdoor temperature has sisee then, which is why actual climate data
from the weather station was used in the adaptechgrcertificate calculations.

11.7 Energy demand calculations and actual energy use

The values for the standard user profile usedenfthstrian energy certificate calculations are giire
Table 11-7.

Table 11-7: User profile for single family homespas ONORM 8110-5

Indoor temperature Oin 20| °C
Temperature in the unheated areas Oiu 13| °C
Air change rate NpLFL 0.4 1/n
Internal gains Qinn 3.75| W/m2TFA
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wwwh | 35.0] Whid m?TFA

Domestic hot water demand 12.8| kWh/mz2 a

Climate data from the Feldkirch weather station weed for the adapted energy -certificate
calculations. The weather station is located withhkm from the house. Personal interviews and a
guestionnaire were completed to obtain informatibout user habits and also incorporated within the
adapted energy certificate calculations to incre¢laseccuracy of the user profile.

The total area of the upper floor and attic (16%#%} was used to calculate the specific energy flmws
the following figures.

The actual fuel requirement has been calculatenh filoe natural gas bills from October 2001 to
September 2010. The heating season from Octobé&r te0Beptember 2007 was not available.

The firewood consumption was between seven to 1@bmthe wood burning stove in the base case
scenario. The quality of the firewood varied greathd depended upon the source for overall burning
efficiency.

Table 11-8 summarizes the natural gas consumgption the October 2001 to April 2011.

Table 11-8: Natural gas consumption for House 3.

Period Natlg\;\% Gas
October 2001 — September 2002 9668
October 2002 — September 2003 8479
October 2003 — September 2004 9748
October 2004 — September 2005 10 161
October 2005 — September 2006 9261
October 2006 — September 2007
October 2007 — September 2008 8856
October 2008 — September 2009 7269
October 2009 — September 2010 8517

31 December 2010 — 18 April 2011 2420

The electricity company estimated 3900 kWh eleityriconsumption. Figure 11-4 shows the effect of
the thermal renovations on the indoor temperatofedifferent zones. The grey line shows the the
outdoor temperature for each month of a year. Asidm the ground floor set-point temperature
which is kept constant due to heating, the othdreated zones fluctuate following the outdoor
temperature, and show the effect of thermal insratvith the basement temperature cooler in the
renovated case reflecting less heat loss througlgithund floor slab; and a higher indoor tempeeatur
during the cold months in the unheated upper fiodine renovated case.
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Figure 11-4: Calculated minimum winter temperatuiredividual zones.

Figure 11-5 compares the transmission heat lossh& ibase and renovated cases of the house. Due to
the exterior fagade renewal with ceiling and groflodr slab insulation, the transmission heat lesse
are significantly reduced for the exterior wallstlwia calculated improvement of over 77%
improvement. Significant improvements follow foretiground floor slab to the unheated basement,
thermal bridges, and the floor slab to the uppmrfl The changes are 66%, 44% and 26% respectively.
The windows and doors were not changed in thisvatiun, and no change was made to the interior
wall to the garage, which shows minimal improversglgss than 1%.
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Figure 11-5: Base and renovated case comparisdraobmission heat losses for building assembly
groups.

Figure 11-6 shows a comparison of the energy flogtsveen the base case scenario and the renovated
case. Similar to the calculated transmission IQdbese are significant changes from the base case
scenario in several categories, namely, the anmuel demand, the heating energy demand,
transmission heat losses, and the heating systemyedemand, which show reductions of 61%, 58%,
49%, and 44% respectively. The largest changeeihéating energy demand which decreases by 14
066 kWh/a in the renovated case compared to the ¢ese. Here it is visible that the combination of
increasing the exterior envelope thermal insulatioh only reduces transmission heat losses to the
exterior, but also significantly reduces the enatggnand of the heating system.
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Figure 11-6: Comparison of energy flows in kWh/a.
Figures 11-7 and 11-8 show the schematic energysflihrough the hot water heating system for

DHW and room heating including electricity and helusld electricity supply for the base case and
renovated scenarios.
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Figure 11-7: Energy flow analysis in kWh for 200@he base case scenario.

To the left of the dashed red boundary are theggnsources that are delivered to the house for room
heating and DHW: firewood, natural gas, and eleityri The yellow circles represent the point where
the values can be converted to primary energy galdethis point, greenhouse gas emissions and fuel
costs can also be calculated. To the right of thehdd red boundary is the building services
(technical) equipment contained in the house faregating room heating and DHW,. B'he blue
arrows show the delivered energy to the building #re distribution to the building services to the
left of the E boundary. The red arrows indicate the flow of gatesl heat from each part of the
system in kWh. The grey arrows indicate energydssn the technical equipment and system due to
combustion, storage and distribution. The resultiagble heat for DHW and room heating are shown
to the right of the dashed green boundary,afong with household electricity which is alsedsn

the building by the inhabitants.
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Figure 11-8: Energy flow analysis in kWh for 20hlthe renovated scenario.

The delivered energy values have been taken dirotin household energy bills. The energy used by
technical equipment and the household is calculated

Figure 11-8 is the energy flow analysis for theonated scenario with the addition of the solar
thermal panels. In comparison to Figure 11-7, méhtgas consumption is approximately a third of
original use, as the majority of the heated watgorbvided by the solar panels. Heat from the solar
panels also contributes to the room heating sysiarthe hot water tank. The heat from solar thermal
panels is classified as a renewable energy som@de@comes part of the renewable energy subsystem,
E,, in the building technical systems section. Thergy flow from the solar thermal system is shown
in orange. The combined heat losses from combydhieat distribution and storage decrease to 44%
of the original heat losses. The significant retu in heating equipment heat losses correlates to
lowered transmission heat losses in the exterioelepe as seen in Figure 11-5.

Figure 11-9 shows actual and calculated annuairtgeahergy uses for the house over nine years from
2002 to 2011. Both sets of energy certificate dattans overestimate actual energy use, however, th
difference between the energy certificate calcofetiwith adjusted climate and occupant behaviour
data shows a far better correlation to the acteatihg energy use with differences ranging between
2% to 13%. The graph also shows that in this diasecombined effect of better insulation and solar
thermal gains using solar panels have a markeddngpeenergy use.
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Figure 11-9: Comparison of energy certificate cdétions, energy certificate calculations with
adapted climate and user data to actual fuel use.

11.8 Conclusions

The results show that the combined effect of théymiasulating the exterior envelope, incorporating
a solar thermal array, using accurate climate daid, using an accurate user profile better predicts
heating energy use for room and DHW heating iretlergy certificate calculations. The main reasons
for the discrepancies between the estimated vatute Austrian energy certificate calculations and
the actual consumption showed that detailed inpt éhcluding information about user behaviour,
building services, climate data, and building corsion are needed for accurate estimations.
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12. AUT-04: Single Family House in Austria

Abstract

The building sector is one of the highest energysamers in Austria. The potential to save energy in
existing buildings is very high. Current Austriaolipy incentives encourage home owners to renovate
buildings to meet the European requirements, regneegy consumption, and reduce £&missions.
Nevertheless, there are often discrepancies bettireemeasured and calculated energy consumption
results despite efforts to take parameters intoowtc such as the exact geometry and thermal
properties of the building, energy demand for hates, heating, cooling, ventilation systems, and
lighting in the planning phase for selecting thetlreconstruction option. To find the answer t thi
problem, many buildings are carefully investigateith the help of measurements, interviews, and
simulations. This paper presents the analysis esdlts of the investigation of the impact of lifdst

on the energy demand of a single family house. iflp@act on energy performance of the most
important parameters was observed by systematichliyging parameters such as changing from a
decentralized to a centralized heating system,ideriag various technologies and fuels for prodgcin
electricity and heat, use of renewable energy ssurDifferent occupant behaviours were changed
systematically. The effects of these measures rmafysed with respect to primary energy use, CO
emissions and energy costs. The results of thesstigations show that the lifestyle and occupants’
living standard is mainly responsible for the diffieces between the calculated and measured energy
consumption.

12.1 Introduction

By energy efficiency it is to be understood in tiela to how to meet the specific building comfort
requirements with low energy expenditure and difféerenergy sources. Currently, several different
methods are used to characterize energy efficielmcfeurope, the calculation of primary energy is
very commonly used in energy consumption calcufatioTo calculate the primary energy need,
national conversion factors must exist for the @swn of a measured or calculated total energy
demand into primary energy. Energy consumptioneteminined by the occupants’ lifestyles and the
increase of energy efficiency. Many of our inveatigns show that the user’s lifestyle and their
behaviour can have an enormous impact on real gnewgsumption. In practice, energy-related
improvements are only useful if they are acceptedhle users. Therefore, for residential buildings,
mainly passive or user-friendly active measuresreaningful.

Currently, procedures considered in the standaddimsessment are based upon an assumption of a
very high lifestyle standard that often does néleot practice. Therefore, very detailed crossieeel
data of several Austrian households were invegitatith the help of measurements, interviews, and
simulations. The results were used as input dat@do simulated investigations and validation. The
present investigation analyses impact parametergsidential energy consumption demonstrated by
the single family house model in Vienna. It hasrbebserved that greater energy savings have mostly
been achieved after the implementation of a therarabvation of a building rather than the expected
theoretical, technical assessment reported by \4heal. (1994). The main reason for these
miscalculations is the lack of consideration ofrusehaviour. One of the main focuses of the study o
energy requirements of household consumption byi@&ieet al. (1999) was consumer activities.
Knowledge of the dynamics of the lifestyles sholbddinvolved. A wide range of lifestyles and their
dynamic characteristics directly and indirectiueice energy flows and energy consumption.
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The impacts of lifestyles on energy demand ande@lair-borne emissions have been investigated by
Weber and Perrels (2000). There determined enemgyemission profiles and influencing factors
have given an easily interpretable image of therg@gn@and emission consequences of consumer
behaviour and thus contribute to an increased peaescy of complex economic and ecological
interconnections. The impact of consumer lifesigléhe US has been studied by Bin and Dowlatabadi
(2005). They proposed an alternative hypothesiteccghe Consumer Lifestyle Approach (CLA), to
explore the relationship between consumer acts/died environmental impacts in the US. The impact
of lifestyle and user behaviour on energy consunnmppiatterns became an important common point in
the analysis topics at the Annex 53 (2010) (wwwcseb3.0rg).

All afore listed studies have only concentrated eofiew parameters, such as room temperature,
ventilation, and energy consumption. In this stualy coupled factors (building dimensions, building
equipment and appliances, occupant lifestyle, etede taken into account and the impact of the
above parameters were analyzed and evaluated ail. ddte heat exchange between different zones
with different temperature levels and solar shadmogn adjacent buildings and overhangs has also
been calculated.

The impact of user behaviour on energy consumpsioaflected by the choice of indoor temperature,
occupied time, ventilation habits, temperature simjient, use of different equipment and other
behavioural parameters. In this research, the aseek energy efficiency of the investigated house is
studied, as along with the change from decentmdlitte a centralized heating systems, various
technologies and fuels for the production of eleityr and heat, use of renewable energy sourcek, an
different occupant behaviours. The effects of th@sasures are analysed with respect to primary
energy use, CPemissions, and energy costs. According to the rinéerformance of Building
Directive” (EPBD), building geometry, building theal properties, space heating and hot water
installations, air conditioning systems, lightingplar shading systems, external and internal
environmental conditions, and the energy consumplip appliances are taken into account in the
dynamic simulation. Additionally, it was necess&sydetermine the occupancy at various times of a
day. “BuildOpt_VIE” software, developed at the VienUniversity of Technology, was used for the
dynamic building simulation in this investigationlt is a multi-zone model for hygrothermal
calculations of the whole building which can castal more than 1000 interconnected zones. Special
attention is paid to calculate the solar radiafemeach single window and wall according to shgdin
by adjacent buildings and overhangs. This softmaas validated with the data from Annex 41 (2008)
and many experimental validations on real buildi(®shoberl et al. 2005; Korjenic and Bednar 2010).
All direct comparisons of the measured to the dated results show a good agreement.

12.2 Background

This paper presents the results of a recent stiitlyeoimpact of lifestyle on the energy demand and
CO, emissions of a case study single family houseienia. The demon- stration dwelling was built
in Austria in 1930, 4932 and is located in an urban area. Figure 1Pesepts the location and
orientation of the investigated house.

There are four occupants, a couple and two childfee house has three stories with a basement and
total floor area of 100 fn There are various ceiling heights, and the hdsigmorly insulated in its
existing state. The facade of the house is buth widouble-leaf cavity brick wall construction ahe
windows are single glazed. All floors, roofs, aradlings are timber construction. Figure 12-2 shows
the elevations and floor plans of the investigdtedse.
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The building was heated using a single furnace@am and only the living room is heated to 2
the morning and evening. Austrian houses are nftet cenovated with a central heating system with
individual radiators in each room; therefore, trasiant was our reference example.
In order to achieve an energy efficient restoratiba historical building, the aims of this projeatre
to find the effective solutions to reduce energy comgtion;

.reduce CQ@ emissions;minimize additional costsyse renewable energy sourcesintain a good
thermal indoor climate andhinimize risks for construction failures after reation.

12.3 Climate conditions

Hourly weather data for Vienna was used for theamyic simulation. The source data includes
exterior temperature, relative humidity, wind speed direction, precipitation, atmospheric pressure
solar radiation (both orientation and angle depetyder each hour.

The exterior temperature and the global horizomtdiation are presented in Fig. 3.
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Fig. 3 Exterior temperature and global radiatiorr fdienna

12.4 Input data and structure of the calculation model

All existing construction parameters for the bagsecscenario used in this investigation are based o
the real measurement data. The real occupancyeofidiise had been used to calculate the internal
loads. The occupancy profile reflects the actuat bghaviour. The house is occupied during the work
week, from 5 pm until 7:30 am. During the weekerttlg, family is only away for a few hours at a
time. The family is away on holiday for two weekswinter and three weeks in summer. The time-
dependent internal occupant heat load data, aggligfpe, capacity and frequency of use, and natural
ventilation rate were determined from occupantririgsvs. The air change rate at 50 Pg)(naries
between 5 ACH in cases without any modificationsdnergy efficiency (for all lifestyles), and 0.6
ACH in cases with all energy saving measures (raofternal wall insulation and insulating glass).
After the insulation of the roof it was accepted an change rate { of 3 ACH and after the
implementation of the insulating glass of 1.5 ACH.
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In the hourly simulation, window ventilation wasedisin the mornings and evenings as well as during
lunch breaks on the weekends. The airflow is sitedlausing the following equation according
Austrian standard ONORM B8110-3:

= 9750 oo A N AT

where V—volume of airflow (rfih), A—area of opening (fi H—height of opening (MAT—
temperature difference (K), Cref —exchange coedfiti Cref(1100 (without height difference, Fig. 4
left), Cref(1350 (at existing height difference, Fig. 4 rigtmh0.5/(h+K0.5))

The input data that was not obtainable from measengs or interviews was calculated with the help
of standard data according ISO/FDIS 13790:2007. Sdiar shading from neighboring buildings and
overhangs has been calculated in detail for eacldlaw. The SHGC (solar heat gain coefficient) of
the glazing is 0.93 for the existing window and3ér the insulated glass pane.

The four person household examined here is equigpedentionally with electric appliances: a
refrigerator, a deep freezer, two CRT televisidhsge radios, a washing machine, a clothes dryer, a
PC with a CRT monitor, an electric cooker, a coffegchine, a microwave oven, a hot water kettle,
and a heating fan. All lighting is provided by incescent lamps. The clothes dryer is only used in
winter.

The usage frequency of the electrical home appisirand the amount of warm water were not varied
in this investigation.

Fig. 4 Definition of A and H for open and tiltedndibws

The U-values of exterior constructions used indingulation were as follows:

Building element  U-value (W/(nf-K)) in the existing houseJ-value (W/(nf-K)) after thermal insulation

Flat roof 0.60 0.168
Exterior wall 0.49 0.168
Uw - Windows 5.00 1.00

The simulation model that represents this singtalfahouse is shown in Fig. 5.
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12.5 Research conducted and results achieved

The described single family house was used for stigating the influence of lifestyle, various
constructive measures, and building services ctsaogehe total energy use, the primary energy, CO2
emissions and the energy costs.

The conversion factors that have been used inauaulkations are presented in Table 12-1.

The calculated energy demand is carried out byremiyc multizone simulation, taking into account
occupant habits, building use, ventilation, heasighation, heat distribution, heat supply etc.

Here, the activities of the residents and theirobed room temperature can be included. In thidystu
only the set point for room temperature has beemg®d! For this work, the following four lifestyles
types have been defined:

Lifestyle 1 (L1): only the living room is heated séoroom temperature of 20in the morning and
evening.

Lifestyle 2 (L2): all rooms are kept at a minimuamiperature of 15; the living room has a room
temperature of 20 in the morning and evening.

Lifestyle 3 (L3): all rooms are kept at a minimuemperature of 15; the living and occupied rooms
are heated when occupied to_22he bedroom temperature is(20

Lifestyle 4 (L4): all rooms have an interior temaierre of 221.

The influence of these four lifestyles is showTable 12-2.

The heat demand increases by 190 kWh/ffirom 62 kWh/m in Lifestyle 1, to 252 kWh/fin
Lifestyle 4.

Common renovations in Austria upgrade to a cemiealting system using room radiators. The effect
of a change of single furnace to a central heasiggfem with or without the support of a solar
collector is shown in Table 12-3. In the third aauti, both Lifestyle 3 and Lifestyle 4 have beervaino
As was shown in Table 12-2, a central heating systas a significant influence on the lifestylehie t
base case (without thermal insulation). The effeétthese changes are presented in Table 12-3. To
minimize CQ emissions, a pellet boiler could be used instéathtural gas. Pellets were stored in the
cellar and delivery to the cellar would also begilgle. This variant is shown in the last two col@mn
in Table 12-3. Another possible technical measuralévbe the integration of a solar collector fot ho
water.

Fig. 5 Building model (the walls to the neighbogrimouse have adiabatic boundary conditions)
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Table 12-1 Conversion factors
Conversion factors according to standard ONORM EBD35
Costs (€/kWh) CO, emission coefficient (g/kWh)  Primary energy factdt (kWh/kWh)

Pellets 0.049 20 1.06
Gas 0.054 277 1.36
Electricity 0.141 617 3.3

a Estimated current prices in Austria. b Conversamtors according to EN 15603.

Table 12-2 Impact of lifestyles in the existingestavithout a thermal retrofit

Lifestyle L1 L2 L3 L4

Building Existing Existing Existing Existing

Heat dissipatiorBingle furnaceSingle furnacSingle furnac&ingle furnace

Energy source Gas Gas Gas Gas
Heat demand (KWh/AGFA)

Heating 62 111 173 252

Hot water 15 15 15 15

Costs (Eurol/year)

Heating 476 867 1356 1982

Hot water 124 124 124 124

Appliance 547 547 547 547

Total 1148 1539 2028 2653

CO, emissions (tonnes/yaa

Heating 24 4.4 7.0 10.2

Hot water 0.6 0.6 0.6 0.6

Appliance 24 24 2.4 2.4

Total 55 7.5 10.0 13.2
Primary energy (KWh/AMGFA)

Heating 120 218 342 499

Hot water 31 31 31 31

Appliance 128 128 128 128

Total 279 378 501 658

Table 12-3 Change to central heating system witlitiiout solar collector (without alterations to
construction)

Lifestyle L4 L4 L3/L4
Building Existing Existing Existing
Heat Radiators Radiators Radiators
dissipation
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Solar collector ~ No No 8 M
Energy source  Gas Pellets Pellets

Heat demand (kWh/m

GFA)
Heating 252 252 173/252
Hot water 15 15 15/15

Costs (Eurolyear)
Heating 1785 1620 1074/1532
Hot water 258 234 88/80
Appliance 547 547 547/547
Total 2589 2402 1709/2160
CO, emissions

(tonneslyear)
Heating 9.1 0.7 0.5/0.7
Hot water 1.3 0.1 0.1/0.1
Appliance 24 24 2.4/2.4
Total 12.9 3.2 3.0/3.2

Primary energy (KWh/m

GFA)
Heating 449 351 232/332
Hot water 65 51 19/18
Appliance 128 128 128/128
Total 642 529 380/477

The influence of various construction measureshendifferent parameters is shown in Table 12-4. In
addition, the lifestyles of both Lifestyle 3 andfdstyle 4 are represented in the fourth variation.
Changing the original single glazing with modererthal insulation glass with very lowgWalues
would be a good constructive measure to improveggnefficiency. The external walls, roof, and
ceilings, as well as the terrace will be insulatedreduce the heat losses. If the building is well
insulated and the heat loads are very small, apngap may be used. In this case, a highly efficient
heat pump instead of a boiler could be used (s&att column in Table 12-4).

It is clearly shown that in a building with verywdieat loss in winter (i.e., after the implemematof
energy conservation measures) the difference betadgemporal or spatial heating is very small. The
total primary energy consumption from ca. 270 kWR/BFA in Lifestyle 1 in the existing state can
be achieved in Lifestyles 3 or 4 after the instadla of thermal insulation and changing the heating
system and energy source, as shown in Fig. 6.

The investment costs for the thermal renovation rendalization of the heating system are financed
by the Austrian Government. Depending on the ensayyngs achieved, it is possible to recoup up to
one third of the investment costs.

Table 12-4 Impact of construction measures
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Lifestyle L4 L4 L4 L3/L4
Building Roof Roof Roof and external wall Roof and external wall
insulation insulation insulation insulation
+ insulating + insulating glass + insulating glass
glass
:ii:itpation Radiators Radiators Radiators Underfloor heating
Solar collector No No No No
Energy source Pellets Pellets Pellets Heat pump
Heat demand (KWh/WGFA)
Heating 226 106 57 47157
Hot water 15 15 15 15/15
Costs (Eurolyear)
Heating 1452 685 385 157/191
Hot water 236 245 253 125/121
Appliance 547 547 547 547/547
Total 2235 1477 1185 828/859
CO, emissions (tonnes/year)
Heating 0.6 0.3 0.2 0.7/0.8
Hot water 0.1 0.1 0.1 0.5/0.5
Appliance 2.4 2.4 2.4 2.4/2.4
Total 31 2.8 2.7 3.6/3.8
Primary energy (kWh/mMGFA)
Heating 314 148 83 37/45
Hot water 51 53 55 29/28
Appliance 128 128 128 128/128
Total 493 329 266 194/201
12.6 Discussion and conclusions

The results of several of our investigations, h@esented as an example of one single family house,
show that the lifestyles of occupants and occupayyy of a building have a significant influence on
the total energy consumption and £€@missions of buildings. Lifestyle also has to bkenh into
consideration in energy efficient building renoeas as the energy consumption is a consequence of
family lifestyle. Taking the user’s behaviour ag@nstant into the calculation is a mistake. This is
especially the case for a heating system renovafiohousehold, which provides its space heating
needs with individual room stoves, is confrontethwiumerous barriers (fuel transport from the cella
to the pellet oven, unpleasant odours, dust exppsoenstant pellet oven maintenance). If during the
course of the renovation, the heating system isyextad to a central heating system, it is certamly

309



change of user behaviour due to the much simpleratipn and expected handling of the heating
system.

The lifestyle, living standards, and occupant béhavhas an important impact on energy use
especially if the building has poor thermal perfamoe. This is the result of several studies of our
institute, here presented an example of a house.

Therefore, it is absolutely necessary to take atcount these important parameters for assessing th
energy efficiency of a building. The choice of hegtsystem and energy source in the building has a
greater effect on the primary energy use and €@issions.

Education on how to use building automation is venportant for buildings with low thermal
performance.

The occupancy type and the expected lifestyle nzase fa strong impact on the renovation concept of
a building.

700 ® | 1-single furnace, gas

A
600 - L4-single furnace, gas

® | 4-CHS, gas
500

¥ L4-CHS, pellets

400

B | 4-CHS, pellets, roof insulation

300
® | 4-CHS, pellets, 8m? solar collectors

Primary energy (kWh/m2 GFA)

200 1 L4-CHS, pellets, roof insulation+

insulating glass

L4-CHS, pellets, roof and external
wall insulation+insulating glass

100

B | 4-CHS, heat pump, roof and

external wall insulation+insulating
Different scenarios CHS (central heating system)  glass, underfloor heating

Fig. 6 Comparison of different technology scenafad.ifestyle 4 compared with Lifestyle 1

0-
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13. AUT-05: Single Family House in Austria

13.1 Building introduction

| 15 sle
e | el | =z #& e

G."rou"nd flbor First floor

Tm

Figure 13- 1 Plan of the building

Table 13-1 Floor area and room volume

Heated ground area 389.40 m2
Heated building volume 887.83 m3
Cellar (unheated) 189.3 m?
ground floor 211.9 m?
first floor 177.4 m?

Table 13-2 U-value and area of building materials

Aream? | U-value W/m2K
Cellar ceiling 189.3 041
Exterior wall 326.0 0.18
Roof 226.6 0.20
Windows 1.10

Table 13-3 Area of windows and doors

Windows Doors
m?2 m?2
North 9.66 0.00
South 11.67 18.72
West 5.99 6.47
East 6.69 3.80
Total 34.01 28.99

13.2 Occupant’s Interview and data collection

a) Building data and building use
House is occupied since November 2004: 4 Adulthild.
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A person (housewife) is continuously at home. Asstefour people regularly sleep in the house. tShor
trips are taken only during the holidays and Chrést (about two weeks). The Wood-House cools
down in this time from 22-23 °C to 18-19 °C, withdaeing heated. Partially is the heating night
setback activated.

Cellar is unheated: Indoor temperature is abofiClexcept Kettle room

All other rooms are heated to about 22 °C, excegdtdom of the parents.

There are four stoves in the house. The stove énlithng room is in constant operation. The
temperature is measured only in the work room.

b) Heating

Boiler:

Nominal power: 25 kW,

Boiler room (in winter, a window always tilted)

Boiler description, central-heating boiler MULTIJEBFI (25)
System temperature range: 80°C/60°C

58 L water content

Chimney, 4 tiled stove

No secondary heaters

c¢) Domestic hot water:
In summer is showered, bathed in winter. Two petgite a bath in the summer too.

d) Pipes:
Copper pipes with red foam insulation. Fittings imsulated

e) Solar collector:

SOLAR-EK / GFK 6

Equipped since spring 2006,

Constancy outcome value = 465 kWh/m?2a, 10 m? ales@irface, setting angle = 40°
Orientation =-10 % East irregularity, the averagitcome value over the year = 200 kWh/m?2

f) Type of ventilation (tilt / open) in winter / summe?
In winter: Once a days in the morning a quartehatf hour are windows completely open and all
rooms aired. Otherwise, the windows are not mdtedti- more open.

g) Cooking:
Mostly daily, at noon, evening seldom

h) Clothes:

Winter: clothes drying on the balcony, at nighthie bath,
Heated towel rail in bath

Summer: clothes drying on the balcony

i) Curtains:
Color gray, almost never closed
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Sun protection: window shutters - never closed

13.3 Energy Consumption:

Fuel oil: consumption from November 2004 to May @08.366 liters for heating and hot water

Fuel wood: ca. 6 - 7 m® beechwood per Winter ferttled stove

Electricity: 26.12.2004 - 23.11.2006 16.415 kWh

Night electricity: 26.12.2004 - 23.11.2006 3.Xx8h

A solar system for hot water with 10 m? collectoeareduces fuel consumption by 4650 kWh/year,
according to manufacturer's instructions.

Assuming that the daily consumption is about th@esawe obtain the heating requirements for the
house:

Total heating energy demand about 37000-42000 &Wh/

An accurate estimate of energy consumption is wwatiple because the output of the solar system
cannot be precisely defined.

Considering the unheated cellar, we obtain theWalhg energy demand:
Total heating energy demand = 95 - 110 kWh/(m2 a)

The part of heat demand on total energy demandaastgatively not so easy to assess.
The increased electricity consumption results ftbmfact that a laundry dryer is placed in theasell
which is taken daily in operation.

13.4 Calculations

Monthly balance method

A survey of people living in the house has showat the ventilation window in the winter is limited
to about 0.25 h in the morning. From the n50 vaives a false air change rate of nx = 0.10 h-1s Thi
means that the air change rate is in the heatiagpsesignificantly lower than 0.40 h-1 (standard).
Therefore, the calculation was carried out witrearchange rate of n = 0.14 h-1. The air changemat
= 0.14 h-1 was determined from the hygienic aingjea

Furthermore, according to ONORM B 8110-5, 3.75 WémBuld be taken as thermal internal gains.
This appears too high, because the whole day ardyperson is permanently present.

Therefore, 2.20 W/m were applied. This value iswalated taking into account the occupancy of the
house throughout the day.

The thermal gains from people inside the building then 0.70 W/m2. If we allocate the electricity
consumption to the surface of the heated spacejpian a power of 1.50 W/m?2.

With these new input parameters, we get a heatimgadd of 35.82 kWh/(m2 a) and a total energy
demand of 125.1 kWh/(m?2 a).
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To determine the air tightness of surrounding comepds of the family house, a blower door
measurement was performed.

The measurement was carried out according to ON@RM 3829:2001 05 01.

The building volume, including unconditioned basatris:

State during the measurement in 1980 m3

13.5 Result — Blower-Door- measurement

air Change rate (1/ — Unterdruck 1 — Uberdruck 1
O Unterdruck 1 m Uberdruck 1
7.0

6.0
5.0
4.0
3.0
2.0

1.0

0.0

0 50 100 150 200

pressure difference (F
Figure 13- 2 Result of measurements

After evaluating the data, the ventilation ratg n2.22 Rt

13.6 Thermal building simulation

The geometry of the investigated house has beénedieccording to the existing house.

Figure 13- 3“BuildOpt_VIE"-Building model of the lise
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Actually energy consumption of the house was aldoutated by a dynamic building simulation. It
was once the standard user behavior from the ON@RBA10-5 used and once used the actual user
behavior.

Comparison between the results of monthly balanethod and building simulation is shown in the
following diagram:

60.0

50.0

45 45
40.0 37 36
30.0
20.0
10.0
0.0

Sim. Sim-Standard_ Bil-Standard 3i Sim-real B Bil-real
User profile User profile User profile User profile

Figure 13- 4 Heating energy demand [KWH&i)

The comparison between the balance and simulatiows that the monthly balance method, reflects
the actual energy consumption quite well.
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14. AUT-06: Multi-storey residential building in Austri a

14.1 Introduction
This case study house is the first certificated dsiwenergy multifamily houses in Vienna.
Utendorfgasse are social tenements. There area89ifi the complex of three houses. The buildings

are made of reinforced concrete. The balconiesnattee south so the projecting slabs are shadiag th
windows. There are little windows in the north.
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Figure 14-1: House location in “Ut"endorfgasse AQMenna, Au

strla

Geographical environment:

Geographical position Longitude

latitude

Vienna

East Longitude 16 DegreesNorth Latitude 48 Degrees

ASL

2201

Average monthly temperatures and global horizosdldr radiation is presented in Figure 14-2
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Figure 14-2: Average monthly temperatures and gldlosizontal solar radiation

14.3 Overview of the building

Start of occupation: 2007
Number of flats: 13

Gross floor area = 1330 m?
Area inside flats = 901 m?
Heated gross volume: 4039 m3
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Haus 2 Ansicht Ost

Haus 2 Ansicht Sid
Figure 14-3: Complex of the three lowest energysestin Vienna (Utendorfgasse)
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Floor plan

basement ground floor

— .
t ¢ + l »
1 ] ¥ 3

£ 1tal keathg
i

Floor plan

regular floor
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Figure 14-4: Floor plans: basement, ground flomrgular and top floor

Building envelope:
The buildings are made of reinforced concrete \Blllsm heat insulation on the exterior wall, 45cm

heat insulation on the roof and 35cm heat insutabio the celling between basement garage an heated
rooms. The thermal uncoupling of the base poinmfrihe supporting walls is made of aerated
concrete with punctual steel or reinforced concsefgports. For the windows were triple glazing used

U-Value
2
Area (m?) (W/m?K) g
roof relnft_)rced concrete 799 0.09
insulated
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external wall (without windows) concrete wall + E8 568 0.13
Windows south Triple glazing 90 0.86 0.48
Windows east/west Triple glazing 10 0.86 0.48
Windows north Triple glazing 50 0.86 0.48
basement ceiling relnf(_)rced concrete 270 0.1

insulated

14.4 HVAC overview

The heat production for heating and hot water odcom a gas-fired condensing boiler with a
domestic hot water accumulator with circulationepip

Heating:

central gas fired condensing boiler (in the basem&ear-2007

effective power 50kW, modulating, flexible regutatiaccording to the external temperature
heating of flat through one heating coil per flatthe supply air

no storage

Deliveries system: room thermostat with zone cdnsupply air heating, supply/return 70°C/55°C

length (m) insulation fittings
distribution / cellar 50 3/3 uninsulated
standpipe 89 3/3 uninsulated

3/3: the thickness of the insulation is the saminaglimension of the uninsulated pipe

Hot water:
hot water storage tank: 1500 I, Year-2007
distribution system with circulation pipe

length (m) insulation fittings
distribution / cellar 25 3/3 uninsulated
stand pipe 54 3/3 uninsulated
circulation return pipe 25+54 3/3 uninsulated
stub pipe 117 1/3 uninsulated

To reduce costs:

Only one heat exchanger for 13 flats
Only one heating coil per flat at the entry
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Central:
Filter
Frost protection
Heat exchanger
Fan

Local:
Volume Control
Heating Coll

Figure 14-5: Heat exchanger and heating coil

Ventilation:

central ventilation system with central heat recgvg=75%
volume flow control per flat

n=0,4 ', n=0,3 K'

Design objectives were:

low energy consumption — lowest energy house:

heating demand <15 kWh/m?a
heat load <10 W/m?
airtightness n58 0.6 h-1

primary energy demand <120 kWh/m2a

high indoor comfort:
controlled air change, high surface temperatduesg winter
high acoustic and hygienic standards for vetidihasystem
good summertime performance

Measures:
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Alr tighthess of whole building - measured

. — Unterdruck O Unterdruck Messung
alr Change rate 1/h — Uberdruck = Uberdruck Messung

0.50

Overpressure
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020 Underpressure

0.10

0.00

0 20 40 60 80 100 120 140

pressure difference (Pa)

Figure 14-6: Air tightness measurement

14.5 Energy demand calculations and actual energy use

To obtain the total energy use, the electricity ligdnousehold equipment and the ventilation system,
and the auxiliary electricity demand for staircighting and distribution pumps, was measured using
electricity meters. The heating energy use wasrdecbwith a meter for gas consumption. The heat
exchanger between the district heating system hadbtilding system was part of the measured
energy use.

Electricity Consumption in kWh/30m? Household
2000 Common
1800
1600
1400
1200
1000
800
600
400
200
0
2007 2008 2009
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Gas Consumption for Heating and Hot Water in kWh/30m?

3000 - Hot Water

2500 Heating
2000 -
1500 |
1000
500
o
2007 2008 2009

Electricity consumption of Households in W/m?*NFA Reference Area = Area of Flat (Internal Dimensions)

800

7.00

&6.00

5.00

Apartment Number

Mean Electricity Consumption 2.9 W/m2NFA
internal heat gains because of persons ca. 1.3 W/m2NFA

total ca. 4.2 W/m?NFA

Figure 14-7: Electricity and gas consumption
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Heating energy in MWh

Cwithout internal loads

60 with real actual internal loads
m W Measured energy amount
50 | )
O with full internal loads
40
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Figure 14-8: Measured and calculated heating enatgsnand (with different scenarios for the

internal loads and with distribution losses) foetivinter 2008/2009.

Start of occupation: 2007
Number of flats: 13

Gross floor area = 1330 m?
Area inside flats = 901 m?

= REFERENCE AREA

E, =
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A0k Ventilation Household
camPrim Electricity 6 kWwh/m? Electricity
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o | Purnps
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Caleulated Calculated
Measured M easured

Total Primary Energy
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Figure 14-9: Year-2007: Total energy consumption




15. BEL-01: Single Family House in Belgium

15.1 General overview of the building

The building of interest is a classical family heug-igure 15-1) located in Hondelange (close to

Arlon), Belgium (Figure 15-2). The base is mordess a square (13m x 12m) and the front facade is
west oriented. The roof is pyramid-shaped with dgeeon the North-South axis. The north and south
sections are 45°C tilted, while the front and bsektions have a smoother slope of 35°C.
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Figure 15-2 : Belgium Map, Arlon (Province of Luxsoarg)

The house was built in 2008. It has two levels ad as an attic above first floor. A garage and a
storage space are next to the house (65m32). Trewaessible through the scullery. Plans of the
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ground floor and first floor are shown on the Fggi5-3 and Figure 15-4. The attic is not occupied,
but the mechanical ventilation system (with heahexger) is installed there.
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Figure 15-3 : Plan of the ground floor (Willaime, a., 2007)
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Figure 15-4 : Plan of the first floor (Willaime, at., 2007)

15.2 Climate

Arlon is situated in Belgium, the climate is “wamemperate and fully humid with warm summer”,
according to Kdppen-Geiger climate classificationthe Table 15-1, there are some characterisfics o
the weather for the year 2010 in Arlon.

Table 15-1 : Climate for the year 2010 in Arlon

Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
Mean min Temp [C°] 124 | 34| -13| 16 | 48 | 69 |122| 148| 124| 94 | 58 | 3.2 | -4.2
Mean Temp [C°] 86 | -15| 1.1 5 9.7 | 10.8 | 17.2| 19.7| 16.1| 12.8| 8.9 5 -2.2
Mean max Temp [C°] 52 | 0.2 | 3.6 89 |15.1| 153 | 224 | 254 | 205| 17 | 13.2| 6.9 | -0.3
Mean Humidity [%6] 78.3 | 88.2| 88.3| 67.7| 625| 59.7 | 73.9| 745| 79.1| 79.8| 85.1| 82 | 90.3
HDD5[Day.C°] 2726 | 513 | 390 | 311 | 175| 152 | 31 9 30 87 | 196 | 299 | 533
CDDgg3[Day.C°] 173 0 0 0 5 10 46| 85 21 4 1 0 0

15.3 Building envelope

The evaluation of the energy consumption of thdding requires a precise knowledge of the
envelope. This section will briefly describe thempmsition of the different walls.
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15.3.1 Walls

The external walls, the intermediate floors and ribeéf have a wooden framework, with insulation
between the wood elements. These elements wea&énsthiation; they have to be taken into account
in the calculus of the heat transfer coefficient.

(1) External walls
The resulting U value of the external walls is @ 2¥/(m2.K), taking the wood fraction into account.

Table 15-2 . Composition of the external walls

Material Thickness (mm)
Plaster board 12,5
Lathing & cellulose insulation 40
OSB board 18
Wooden framework & cellulose insulation 140
Wood fiber board 25

(2) Internal walls

The internal walls are either 17 cm either 12 ciokthThe wooden framework is filled with wood
wool (14 cm and 9 cm respectively). On both sidleste is a plaster board or an OSB board. The U
value obtained for the 17 cm wall with plaster losais 0.33 W/(m?2.K).

(3) Floors

The ground floor is composed of a 12 cm concretk. $Dn the garage side, there is a 4 cm XPS layer,
a 6 cm concrete screed and tiling. On the kitcheée, shere is a 10 cm cellular glass insulatingfay

an OSB board and the heating floor. The U value®af73 and 0.389 W/(m2.K) respectively.

The floor between the ground floor and the firsbfl is composed of (from bottom to top) a plaster
board, the wooden framework filled with wood wo@dD(cm), an OSB board, an acoustic protection
layer, another OSB board and finally the heatiogfl(floating parquet). This structure has a U galu
of 0.177 W/(m2.K).

The attic floor is simply composed of a wooden feavork filled with wood wool (20 cm). The upper
layer is an OSB board, while the lower layer islaster board. The corresponding U value is 0.216
W/(m2.K).

(4) Roof

The roof part above the garage has the same steusal U value as the attic floor. The main roof, o
the other hand, is composed of (from inside toidajsa vapor barrier (with variable permeabilitg),
20 cm thick insulation layer (wood wool) betweeritaes, a rigid wood fiber board, a ventilated
lathing and the tin roofing. The global U valu®ig14 W/(m2.K).

15.3.2 Doors and windows

(1) Windows
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The windows are composed of a high efficiency deudlazing (4/15/4, argon) and a frame in
aluminum. The ratio between frame and glazing gaffem one window to another, but a mean
repartition of 30% of frame and 70% of glazing Bnsidered. The main characteristics of the
windows are listed in Table 15-3.

Table 15-3 : Windows main characteristics

U glazing [W/(m2.K)] 1.1
U window [W/(m2.K)] 1.6
solar factor (-) 0.61

(2) Main hall door

The main hall door has the same frame than thecRraindows, but the glazing is replaced by boards.
These boards consist in two external aluminum Ry&r5 mm each) and a central 25 mm PU foam
layer. The corresponding U value is 1.36 W/(m2.K).

(3) Garage door
The garage door has a 40 mm PUR layer included degtvaluminum sheets. The U value is 1.5
W/(mz2.K).

(4) Windows orientation

The windows are mainly south and east orientedrtApam limited overhangs in the south-west and
east, the house does not present any naturalgofg@ction. External window blinds are installedyon
at the first floor.

154 Building equipment and system

An air-to-water heat pump is used for the heatind #he production of the hot domestic water. The
whole house is heated with a low inertia heatingrfl(Figure 15-5). There is also a hearth in thiadj
room, but it is rarely used.

Figure 15-5 : Installation of the low inertia heatj floor system

The external module is shown on Figure 15-6. lali¢e to modulate its speed with regards to the
demand and external temperature, allowing an @attconsumption as low as possible. The heat
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pump keeps its nominal power with temperaturesdiighan -15°C and is able to produce heat with
temperature up to -25°C. This heat pump gives yitw constant heating power at low temperatures,
increasing the electrical consumption as a couaterp

Figure 15-6 :' External unit of the air-to-water hgaump
The main characteristics of the heat pump arediistd able 15-4.

Table 15-4 : Main characteristics of the heat pump

Global features

Heating power at +7°C - nom/max kW, 12/14
Nominal electrical power (A-7/W55) kw 2,79 (6,63
Nominal COP (A-7/W55) - 4,30 (1,69)
Heating power at -7°C kw 12
Heating power at -15°C kW 11

On the Figure 15-7, the monthly mean internal tenajpiee is plotted. The set point is not optimized a
it is the same 24/24 and 7/7. The overheating iit® gmportant during the summer months for a house
in Belgium.
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Figure 15-7 : Monthly mean internal temperaturetué house

15.4.1 Ventilation system

Controlled mechanical ventilation with heat recgvisrpresent. Indoor air is rejected outside thioug
a heat exchanger and the outdoor fresh air is gherheated before being injected in the house. This
system reduces drastically the ventilation losgedy-pass is present to inject outdoor air directly
during summer months. An anti-freeze valve is gissent.

Pulsing and extracting air vents are placed througkhe house. The air is injected in dry rooms and
is evacuated from wet rooms. The group can wotkrae different speeds, with different efficiencies
listed in Table 15-5.

Table 15-5 : Mechanical ventilation performances

Speed Flow rate Efficiency Electrical power
1 75 m3/h 95.3% 7.8W
2 225 m3/h 88.0% 52.6 W
3 325 m3/h 86.1% 156.5 W

15.4.2 Lighting

The number of lights in each room is defined inl€&dkb-6. The expected power values are: 50 W for
spotlights and wall lights, 60 W for incandescégti bulbs and 58W for neon tubes.

Table 15-6 : Lighting equipment

Room Type Number
Garage Neon 8
Storage Neon 2
- Spotlight 6
Living room Wall light 5
Dining room Spotlight 5
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Wall light 2
Entrance hall Spotlight 5
Kitchen Spotlight 11
Scullery Light bulb 1
W(C ground floor Spotlight 2
Bathroom Spotlight 7

Light bulb 1

Bed room 2 Wall light 2
Dressing Spotlight 5
W(C first floor Light bulb 1
Library Light bulb 1
Night hall, fithess Light bulb 1
Bed room 3 Light bulb 1
Laundry room Light bulb 1
Shower Light bulb 1
Bed room 1 Light bulb 1
Bed room 4 Light bulb 1

Attic Light bulb 1

15.4.3 Monitoring equipment

Several sensors have been installed in the hougenathe
temperatures, electrical consumptions, etc. Adfssensors
stored with a 5-minute time step since Mai 2009.

heat pump. They measure flow rates,
is available in Table 15-7. The data is

Table 15-7 : List of the sensors

Description

Supply temperature (start of the heating pipe)

Return temperature (end of the heating pipe)

External temperature, taken next to the garage @bmth-West)

Inside temperature of the kitchen

Floor temperature between circuit 2 supply pipe @nmlit 1 return pipe

Floor temperature between circuit 1 supply pipe @nzlit 2 return pipe

Supply temperature (collector, ground floor)

Return temperature (collector, ground floor)

Floor temperature above circuit 1 supply pipe

Floor temperature above circuit 1 return pipe

Floor temperature above circuit 2 supply pipe

Floor temperature above circuit 2 return pipe

Heat pump total electrical consumption (includingifiaries). Pulse counter: 1 pulse = 5 Wh.

Heat pump total hot water production (floor heatinBHW). Pulse counter: 1 pulse = 1 kWh.

Water flow (floor heating + domestic hot water)ld@ucounter: 1 pulse =1 liter.
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15.5 Simulation and Calibration

The software TRNSYS is used to achieve the simaratihe file used is an adaptation of the one
created for the subtask D of this annex 53. The @lirthe simulation is to be able to calibrate the
model, this way it is possible to estimate the gafjwhich are not monitored or known) of some
parameters (ventilation and infiltration rate, detieehot water consumption, etc.). The differeepst

to arrive at this calibration are listed in the g 15-8.

Modelling Regression

Validation Simulation

Calibration

Minimization
Figure 15-8 : Global scheme for the calibration

The model of the house is calibrated accordingkinds of results:
* Monthly heat pump production [kKWh]
* Monthly over-heating [K.h]

It means that there are 12*2=24 results to cakbrhtis of course more reliable two calibrate on a
monthly basis than an annual one, because it warilitho easy (and then imprecise) two calibrate the
model with only two annual values. The problemhatteven several different solutions could arrive t
the same result.

With a monthly basis, none calibration will be getf but the one chosen is the one with the simdlat
results closer to the real ones.

Of course, a weight has to be given for the heahgpyproduction and the over-heating in the
calibration process. There is no perfect repartitid the weights; the one chosen depends of the
importance of the results. Here, the heat pumpywmioah is more interesting for the analysis of the
house, so it will have a larger weight than theréweating. Furthermore, the model is designed more
specifically to estimate the heating consumptiamtthe over-heating. By example, the shadings are
not analyzed precisely because they are nearlygilggl for the heating consumption, although there
are important for the over-heating,

The simulation runs from the 1st of June 2010 ®3hst of May 2011, so it is a complete year. The
internal temperature is the real ones recordechdutiis period by the loggers in the house. Big, th
heating is disabled when the internal temperasi@ver 24 °C (as the maximum heating set point is
23 °C). Because in this case, the house is healgdy the others gains.

The unknown parameters have to be estimated. Buétsaised to calibrate the model are the monthly
heat pump production and the monthly over-heattadc(lated from 25 °C). The aim is to find the set
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of parameters that minimizes the difference betwtbenreal results and the ones of the simulation.
The result which has to be minimized is describedEguation 1. Before this minimization, a
regression is realized to find the vectfrior each kind of result: heat pump production (feating
and DHW) and overheating for each month. This wayinear system is created to estimate the
heating consumption and the overheating for eachtimorhe advantage of this technique is its
quickness. Indeed, there no need to run a new ationlat each step of the minimization process, it
the linear system which is used to estimate the neswit.

find x tommmize (|| . xHd]|2)

Size C - (#mm:tls % Bkinds of results, #inputs to calibrate )
Size d: [#mm:tls x #kinds of results,1)
Equation 1 : x is the vector of inputs that minieszhe error

As shown in Table 15-8, there are three categofigsrameters:
* Monitored (climate and internal temperature)
« Known (physical characteristics of the house amedidating system)
* Unknown (in red) => minimal and maximal values @&zt of an unique one

Table 15-8 : List of the parameters and theirs gatees

Parameter Monitored | Known | Unknown Value
External temperature Defined by the monitored valug
\Wind class 2

Um [0.29 0.33] W/(K.m2)
Infiltration + Man. Vent. rate [0.10.3] 1/h
Volume 741 m3
\Windows surf./Occupiable surf. 0.179
Compactness 1.29m

\Wall thickness 0.04 m

Part of south windows 0.75

Pump control Yes

Heat exchanger Yes

Boiler location Inside
Radiative part 0.6

[0.5 1] I/(day.m?)
[1.32 2.64] W/m?2
[00.2]
[00.3]

[0.5 1] W/m?

Defined by the monitored valu

Internal air temperature

17
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Mechanical Ventilation rate [0.4 0.6] 1/h

Manual over-ventilation rate (Tin>24°C) [00.2] 1/h

Day Temp. decrease Defined by the monitored valug¢
Night Temp. decrease Defined by the monitored valug
Unheated months Defined by the monitored valug

As shown in Figure 15-8, a Monte-Carlo method isduso create a linear model in Matlab. This
model estimates the heat pump production and tlee-loeating for each month in function of the
value of the nine unknown parameters. Finally,d@ree 2*12 = 24 linear models in Matlab.

The aim is to find the set of parameters that mirés the difference between the real results aed th
estimated ones. It can be observed in Figure 1h&.the solution found depends of course of the

reparation of the weight between the heat pumpuymiiah and the over-heating.

1.2

= |nfiltration rate [1/h]

1 = DHW [I/(day.m?)]
08 \ Mechanical Ventilation rate [1/h]
\ = Shading factor [-]
0.6

\ ——Internal gains [W/m?)]

0.4 - .
Manual over-ventilation rate
—— (Tin>24° C)[1/h]
o U_m [W/(K.m?)]
0 : . , : : Unoccupied Volume [-]
0 0.2 0.4 0.6 0.8 1

Figure 15-9 : Evolution of the values of the input$sunction of the weight for the heat pump
production.

The Figure 15-10 represents the two errors in fancof the weights. When one of the weights is
equal to 0, the two errors are higher than anyratgartition. It proves the importance of calibrgt
on several results than just one. Indeed, theteesfithe over-heating help to find the best valoks
the parameters for the heat pump production.
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Figure 15-10 : Evolution of the error in functiofi the weight for the heat pump production

For each weight, a simulation is launched with vatues of the parameters found by the Matlab
model. Some results of these simulations are shiowigure 15-11 and Figure 15-12.

As said before, it is possible to observe thatréselts with a null weight for the heat pump pradeac
or the over-heating are always worse than the teaith any other weights.
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Figure 15-11 : Monthly heating consumptions fofatiént heat pump production weights
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Figure 15-12 : Monthly over-heating for differenter-heating weights

The values of the parameters found to minimizeettier on the heat pump production and the over-
heating are written in the Table 15-9. Of courée, minimal and maximal possible values for the
unknown parameters have to be carefully chosenealistic values should not be allowed in the
calibration process. Here, by example, the themakthean heat transfer coefficient is 0.31 W/(K,m?)
but as the real one could be slightly differentimial and maximal values of 0.29 and 0.33 have been
set. The value found by the calibration proce$maly 0.33 W/(K.m?).

Table 15-9 : Values of the unknown parameters wilght heat pump production = 0.9

Parameter Monitored | Known | Unknown

Um 0.33 W/(K.m?)
0.2162 1/h
1 I/(day.m?)
2.64 W/m2

Infiltration + Man. Vent. rate

Mechanical Ventilation rate

Manual over-ventilation rate 0.1684 1/
(Tin>24°C)

15.6 Results

Here are the results found after the calibratioocess (Figure 15-13 and Figure 15-14). It can be
remarked that the simulation results are closerttier energy produced by the heat pump than the
overheating, it is normal, because the model iggded mainly to estimate the heating consumption
(rather than the overheating).

In addition, in the minimization, the weight foretlenergy produced by the heat pump is heavier than
for the overheating (0.9 vs. 0.1).
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Figure 15-13 : Real and simulated energy producgthie heat pump [kWh]
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Figure 15-14 : Real and simulated overheating [K.h]

The energy balances are shown on the Figure 15¥d%h& Figure 15-16. The incomes are of course
equal to the outcomes. The losses by the mechareadilation are very low because of the presence
of the heat exchanger. As the house is not realtypact, it induces a large surface of externalswall
and then a relatively high quantity of transmisdmsses, even if the walls are insulated.
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Figure 15-15 : Yearly energy incomes [kKWh] Figute 16 : Yearly energy outcomes [KWh]

To have a better idea of the repartition of thergypbalance during (or not) the heating seasoryrgig
15-17 and Figure 15-18 represent the balance feryemonth. Once again, the incomes and the
outcomes are equal for every month. The repartitibthe incomes during the year seems logical
(variation of the energy produced by heat pumpdiritie solar gains all along the year).

For the outcomes, the losses for the infiltratiod ghe manual ventilation are higher during theterin
than the summer. The transmission losses are piopalrto the difference of temperature between
the inside and the outside. And finally, thanksthte heat exchanger, the losses of the mechanical
ventilation are low even in winter. The lossesearen higher in summer than in winter, this is iretlic

by the by-pass that helps to keep the house asasopbssible in summer. In fact, these losses are
useful as they limit the overheating.

Energyincomes

6.00E+03

5.00E+03
4.00E+03
W Heat pump
-é 3.00E+03 M Solar gains
=
- M Electrical gains
2.00E+03 1 B Human gains
1.00E+03
0.00E+00

Jun  Jul  Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Figure 15-17 : Monthly energy incomes [kWh]
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Figure 15-18 : Monthly energy outcomes [kKWh]

The Table 15-10 shows the two yearly balances isflibuse. There is one balance for the heating
system (the boiler) and another one for the buidiself. There are the two equations of the baanc

Q.‘:’E"ﬂﬁi’._ﬁ + QEEII.'.." + Q.‘:‘;.mnr’. + QEiscrrimi = I(Q.'i’.ﬁifi’r.iiﬁi’. + {‘;‘f’fi’.ii:nﬁﬁﬁ + QTFEﬁ#mEﬁSiF?’.)

Table 15-10 : Energy balances for the heat pumpthadouse
Energy balances [ kW h]

Heat pump House
Air 11011 .:| Heating gains 17237

.
Hectricity 9752 .:| Solar gains 12233 .j
Heating |:--17237 Human gains 1818 |]

I

DHW |] -3526|Blectricd gans 5356
Infilt. & man. Vent. losses |_—_l -6310
Mech. ventilation losses [I -2682

Transmission losses -27650

Finally, with the sankey diagram (Figure 15-19gyu0¥e 15-17 and Figure 15-18 are summarized. The
values of the flows are not written to keep theureg simple, but the widths of the arrows are
proportional to the values of the flows. The twdabaes are respected (heat pump and Building) and
the sum of the inputs is equal to the sum of thputs.
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Figure 15-19 : Sankey diagram for the building dhd heat pump (for the all year)

The Figure 15-20 and the Figure 15-21 represengs sinkey diagrams for one cold month
(December) and one hot month (June). The thickseskéhe arrows are proportional to the energy
flow and the thickness is twelve times more imputria these monthly diagrams than in the annual
one. Thus the three diagrams can be directly comipddy example, the DHW, Human gains and
electrical gains flows which are more or less camisall along the year has nearly the same thicknes
on the three diagrams.
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Air
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Figure 15-20 : Sankey diagram for the building dhd heat pump (for December)
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Figure 15-21 : Sankey diagram for the building dhd heat pump (for June)

15.7 Conclusions

Some parameters, especially for the human behaaierhardly measurable in a dwelling. But with
the help of the known and monitored parameterssamae results (as here, the monthly heat pump
production and over-heating), it is possible tanegte the unknown parameters that give the estinate
results (from the simulations) as close as possibthe real ones. It has been shown that is really
advantage to be able to calibrate on two resullsramt only one. The difference between the reality
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and the simulation for the heat pump productiosnigller if the calibration is done on the heat pump
production and on the over-heating, than if thécalion is done only on the heat pump production.

Once the model is calibrated, it is possible tdizeassimulations which can give an estimation af th
real energy balances in the house. It could be alssible to estimate the variation of the
consumption with a variation of some parameteriatgd to the occupant behavior or not) and thus
give some piece of advices to reduce the heatinguroption.

It is important to keep in mind that the soluti@umd by the calibration process is maybe not tlaetx
one. There are several set of parameters whichgjinalated heat pump production close to the real
one. It is important to know what the really im@ont results are and to give the appropriate weilghts
the different results in the calibration process.

Finally, some inputs stays constant all along tearyduring the simulation (electrical power by
example), but it is not the case in the reality.ifprove the precision of the results, it could dav
been interesting to add a captor to measure thelesdrical power used in the house.
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16. BEL-02: Multi-storey residential building in Belgium

16.1 Overview

The present case study is an apartment locatediam ASouth-East of Belgium, Figure 16-1 : Map of
Belgium. Arlon is located in the south-east.Figlifel). It is situated in a 6-storey building burit
2005 and containing 11 apartments, one surgergggarand cellars. The apartment of interest is on
the first floor and has a floor area of about 95 Tiite main facade (Figure 16-2) is East orientdok T
apartment is occupied by a young couple, both wgrkill time.
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Figure 16-1 : Map of Belgium. Arlon is located iretsouth-east.

Figure 16-2 : General view of the building
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Figure 16-3 : 3D model of the case study

16.2 Climate

Arlon is situated in Belgium, the climate is “wamemperate and fully humid with warm summer”,
according to Kdppen-Geiger climate classificatiomthe Table 16-1, there are some characterisfics o
the weather for the year 2010 in Arlon.

Table 16-1 : Climate for the year 2010 in Arlon
Year | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Mean min Temp [C°] 124 | -34 | -13| 16 | 48 | 69 | 122|148 | 124| 94 | 58 | 3.2 | -4.2

Mean Temp [C°] 86 |-15| 11| 5 | 97|108|172|19.7|16.1|128| 89| 5 | -2.2

Mean max Temp [C°] 5.2 02 ] 36| 89 | 151 153|224 | 254 | 205| 17 | 13.2]| 6.9 | -0.3

Mean Humidity [%] 78.3 |88.2|883| 67.7|625|59.7|739|745|79.1|798|851| 82 | 90.3

HDD ;5[Day.C°] 2726 | 513 | 390 | 311 | 175 | 152 | 31 9 30 | 87 | 196 | 299 | 533

CDD;4[Day.C°] 173 | 0 | © 0 5| 10| 46| 8 | 21| 4 | 1| 0| o

16.3 Available data
16.3.1 Plan

The plan of the apartment is available on Figuret1®&he kitchen and the living room form a large
open-space of 45 m2. The "OFFICE B" room is a layndquipped with a washing machine and a
tumble drier. The "CHAMBRE 1B" is the bedroom ahd tCHAMBRE 2B" is used as a study.
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Figure 16-4 : Plan

16.3.2 Envelope

The building's structure is composed of concreteld for the main walls, and of concrete slabs for
the floors. An external rendering has been indatia the different fronts. The composition of the
external walls and intermediate floors is detailedhe Table 16-2 and the Table 16-3 respectively.
The windows main characteristics are listed inTtable 16-4.

Table 16-2 : Composition of the external walls

Material Thickness [mm]
Plaster 10
Concrete block 140
Glass wool 75

Air 5
Concrete block 140
External coating 20
Global U value: 0.35 W/m2K
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Table 16-3 : Composition of the intermediate floors

Material Thickness [mm]
Pavement 10
Concrete slab 50

PUR foam 40
Concrete slab 150
Plaster 10
Global U value: 0.51 W/m2K

Table 16-4 : Characteristics of the windows

Structure 4/15/4
Uglass 1.1 W/m2K
Oylass 0.61
Utrame 1.3 Wim2K

16.3.3 Heating and DHW

The heating load is supplied by an individual corsileg gas boiler, with direct production for
domestic hot water. There are 6 radiators equipypddthermostatic valves in the apartment: 3 in the
kitchen/living, 1 in the study, 1 in the bedroondahin the bathroom. There is also a global control
panel in the living room, which allows definitiofi get points and weekly schedules.

The temperature set point is 21°C when someoneeigept and 18°C when there is no occupant or at
night. The schedules for week days and week-endraen on Figure 16-5. This figure contains also

the electrical power used hour by hour during tleekvdays and the week-end. This gives information
about the presence of the occupant.

1200 - 23
1000 22
800 21

—\Weekday electrical pawer

2 600 - - 20
- \ Weekend electrical power
400 - 19 —\Neekday heating setpoint
200 \\ \,_,‘cz 18 —\Weekend heating setpoint
—_—

0 T T T T T T T T T T T 17
0 2 4 6 8 10 12 14 16 18 20 22 24

[°cl

Hour of the day

Figure 16-5 : Electrical power and indoor tempenagun function of the hour of the day.
The monthly mean internal temperature is showiénRigure 16-6. The wanted internal temperature

(set point) does not change during the year, beretlis (small) over-heating during the summer as
there no cooling system.
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Figure 16-6 : Monthly mean internal temperaturelod apartment

16.3.4 Energy consumption

Each apartment in the building has its own eleityricounter (day/night) and gas counter. For the
apartment of interest, the consumptions have beerrded during nearly three years and are listed in
the Table 16-5.

Table 16-5 : Energy consumption records

Dec 08 - Nov 09 Dec 09 - Nov 10 Nov 10 - Oct 1
Gas [m3] 586 588 483
Electricity, day [kWh] 1382 1285 1089
Electricity, night [kWh] 1098 1221 1582

Remark: regarding the electricity, the night coumseturning from 10PM to 7AM on week days and
24/24 on week-ends.

16.3.5 Lighting

There are halogen light bulbs (50 W each) in thalyst the bedroom and the living/kitchen, and

classical light bulbs elsewhere. The details asélg in Table 16-6.

Table 16-6 : Lighting details

Type Total power [W] Area [m?]

Living/kitchen halogen 600 46
Laundry incandescent 60 4
Hall incandescent 120 9

Bathroom incandescent 360 7
Bedroom halogen 150 13
Study halogen 150 11
WC incandescent 60 2
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16.3.6 Ventilation

There are mechanical extractions in the kitchewdhan the bathroom and WC (linked to the lighting
switch). Otherwise, the ventilation is natural aodtrolled by the occupant (opening of the windows)
16.4 Monitoring

16.4.1 Installed material

To record the electricity consumption, an energunter has been installed on the main electrical
panel. It records the energy consumed through aldgger every ten minutes (1 pulse = 10 Wh). In
addition to that, 5 stand-alone temperature andidityrsensors have been placed in the apartment (2
in the living/kitchen, 1 in the bedroom, 1 in thatlroom and 1 in the study). These sensors record a
value every 10 minutes and have been working shmeend of October 2010.

16.4.2 Manual monitoring

To complete this automatic monitoring, a manuatireg of the individual gas counter is performed
daily as there is no logger for this.

16.4.3 Meteorological data

The data used for the simulations come from a mekegical station located on the campus of the
University of Liége in Arlon (2 km away from thesgastudy building).

16.5 Simulation and calibration

The software TRNSYS is used to achieve the simaratihe file used is an adaptation of the one
created for the subtask D of this annex 53. The @lirthe simulation is to be able to calibrate the
model, this way it is possible to estimate the gafwhich are not monitored) of some parameters
(ventilation and infiltration rate, temperature tbe boundary apartments...). The different steps to
arrive at this calibration are listed in the Figa&7.

Modelling Regression

Validation Simulation

Calibration

Minimization
Figure 16-7 : Global scheme for the calibration
The model of the apartment is calibrated accordikinds of results:

* Monthly gas consumption [KWh]
* Monthly over-heating [K.h]
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It means that there are 12*2=24 results to cakbrhtis of course more reliable two calibrate on a
monthly basis than an annual one, because it wmeliliho easy (and then imprecise) two calibrate the
model with only two annual values. The problemhatteven several different solutions could arrive t
the same result.

With a monthly basis, none calibration will be getf but the one chosen is the one with the sirdlat
results closer to the real ones.

Of course, a weight has to be given for the gaswmption and the over-heating in the calibration
process. There is no perfect repartition of theghs; the one chosen depends of the importandeeof t
results. Here, the gas consumption is more iniagefbr the analysis of the apartment, so it widlvb

a larger weight than the over-heating. Furthermitve model is designed more specifically to estimat
the heating consumption than the over-heating. Bymple, the shadings are not analyzed because
they are nearly negligible for the heating consuomptalthough there are important for the over-
heating,

The simulation runs from the 1st of November 20d.@he 31st of October 2011, so it is a complete
year. The internal temperature and the electrioalgy are the real ones recorded during this pdnod
the loggers in the apartment. But, the heatingsalided when the internal temperature is over 22 °C
(as the maximum heating set point is 21 °C). Bezaugshis case, the apartment is heated only by the
others gains.

The unknown parameters have to be estimated. Buésaised to calibrate the model are the monthly
gas consumption and the monthly over-heating (tatied from 23 °C). The aim is to find the set of
parameters that minimizes the difference betweerr¢hl results and the ones of the simulation. The
result which has to be minimized is described indimpn 1. Before this minimization, a regression is
realized to find the vectofsfor each kind of result: gas consumption and osating for each month.
This way, a linear system is created to estimagehttating consumption and the overheating for each
month. The advantage of this technique is its quésk. Indeed, there no need to run a new simulation
at each step of the minimization process, it idithesmar system which is used to estimate the newlte

find x to mmimize (||-'_"1I 1'||2)

il

Size C : (#mﬂntls x #kinds of results, #inputs to calibrate )
Size d (#mm:rls X #lrinds of results, 1)
Equation 1 : x is the vector of inputs that minieszhe error

As shown in Table 16-7, there are three categofigsrameters:
* Monitored (climate, internal temperature and eleatpower)
* Known (physical characteristics of the apartmert e heating system)
* Unknown (in red) => minimal and maximal values @&zt of an unique one
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Table 16-7 : List of the parameters and theirs gatees

Parameter Monitored | Known | Unknown Value
External Temp. Defined by the monitored valye
Boundary Temp. difference [-2;2] °C
\Wind class 3
Um 0.51 W/(K.m?)
Infiltration rate [0.04;0.2] K*
Volume 237 m3
\Windows surf./Occupiable surf. 0,0945
Compactness 3.1m
\Wall thickness 0.19m
Part of south windows 0
Efficiency of the boiler [0.93;0.97]
Pump control Yes
Heat exchanger No
Boiler location Inside
Radiative part 0.3
[0.6;1.5] l/(day.m?)
Defined by the monitored valye
0
[1;2] WIm?

Internal air temperature Defined by the monitored valye

Ventilation rate at 0 °C [0.2;0.5] h'
\Ventilation rate at 20 °C [0.5;0.8] h'
Over-ventilation rate (Tin>22 °C) [0;0.1] K%K

Day Temp. decrease Defined by the monitored valy

D

Night Temp. decrease Defined by the monitored valy

D

Unheated months Defined by the monitored valye

As shown in Figure 16-7, a Monte-Carlo method isduso create a linear model in Matlab. This
model estimates the gas consumption and the owainefor each month in function of the value of
the eight unknown parameters. Finally, there afi22* 24 linear models in Matlab.

The aim is to find the set of parameters that mimg® the difference between the real results aad th

estimated ones. It can be observed in Figure 1&8the solution found depends of course of the
reparation of the weight between the gas consumtia the over-heating.
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Figure 16-8 : Evolution of the values of the inpatgunction of the weight for the gas consumption.
The Figure 16-9 represents the two errors in fonctif the weights. When one of the weights is equal
to 0, the two errors are higher than any otherrige. It proves the importance of calibrating on

several results than just one. Indeed, the resiilise over-heating help to find the best valuethef
parameters for the gas consumption.

N /
A /

\ /‘I = gas consumption error

150 \\ = Qver-heating error
100 —— —
50 T T T T 1

0 0.2 0.4 0.6 0.8 1

Figure 16-9 : Evolution of the error in function thfe weight for the gas consumption

For each weight, a simulation is launched with Yadues of the parameters found by the Matlab
model. Some results of these simulations are showigure 16-10 and Figure 16-11.

As said before, it is possible to observe thatrédseilts with a null weight for the gas consumption
the over-heating are always worse than the resitlisany other weights.
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Figure 16-11 : Monthly over-heating for differentes-heating weights

The values of the parameters found to minimizeetier on the gas consumption and the over-heating
are written in Table 16-8. The weight given for tes consumption (0.9) is larger than the onelfer t
over-heating (0.1).

Table 16-8 : Values of the unknown parameters welght heating consumption = 0.9

Parameter Monitored | Known | Unknown

Boundary Temp. diff.

Infiltration rate

Efficiency of the boiler

0.95 l/(day.m?)

Ventilation rate at 0 °C
Ventilation rate at 20 °C
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Over-ventilation rate (Tin>22 °C) | |

16.6 Results

Here are the results found after the calibratioocess (Figure 16-12 and Figure 16-13). It can be
remarked that the simulation results are closertlier gas consumption than the overheating, it is
normal, because the model is mainly designed tonatt the heating consumption rather than the
overheating.

In addition, in the minimization, the weight foretilyas consumption is heavier than for the ovenhgati
(0.9 vs. 0.2).

1400.00

1200.00

1000.00

800.00 +

M Real gas consumption

[kWh]

600.00 Simulated gas consumption

400.00 +

200.00 + i -

0.00 A
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 16-12 : Real and simulated gas consumptioit]

700.00

600.00

500.00

400.00
M Real overheating (23° C)

[K.h]

300.00

W Simulated overheating (23° C)

200.00

100.00

0.00 T T T T
Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 16-13 : Real and simulated overheating [K.h]

The energy balances are shown on Figure 16-14 goude=16-15. The incomes are of course equal to
the outcomes. It can be remarked that the vemtilattpresents the largest part of the outcomest but
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is important to understand that a part of this ontes are useful as they allow limiting the over-
heating in summer. The energy balances are cadchiidt along the year, not only during the heating
season.

Boiler losses;
2,57E+02

Figure 16-14 : Yearly energy incomes [kWh] Figure 16-15 : Yearly energy outcomes [KWh]

To have a better idea of the repartition of thergyndalances during (or not) the heating season,
Figure 16-16 and Figure 16-17 represent the balareevery month. Once again, the incomes and the
outcomes are equal for every month. It can be obsdehat the ventilation losses are nearly as large
summer as in winter, because as mentioned preyiot ventilation losses during the summer are
useful. The ventilation rate increases with theemdl temperature and there is also an “over-
ventilation rate” in summer when the internal tenapére is over 23 °C.

On the other hand, the losses by transmissioraager in winter than in summer, because this résult
not related to the human behavior and depends ynairthe external temperature.

1.80E+03

1.60E+03
1.40E+03
1.20E+03 -
W Gas
= 1.00E+03 -
= M Solargains
= i
= 8.00E+02 M Electrical gains
6.00E+02 M Human gains
4.00E+02 -
2.00E+02 ~
0.00E+00 ~

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 16-16 : Monthly energy incomes [kKWh]

355



1.80E+03

1.60E+03

1.40E+03

1.20E+03 —
—=1.00E+03 Transmission
E W Ventilation
—8.00E+02 B Infiltration

6.00E+02 B DHW
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4.00E+02

2.00E+02

0.00E+00

Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
Figure 16-17 : Monthly energy outcomes [kKWh]

The Table 16-9 shows the two yearly balances afdbpartment. There is one balance for the heating
system (the boiler) and another one for the buidiself. There are the two equations of the baanc

Q.‘-:‘eara’:'._g + @SE:EF + Q.'-.-‘umar. + QE:s'cr.'ifa: = I(Q‘:’.fi:rruriﬁ: + Ql’r’f:’.tiiatiﬁ:’. + Q?rnr’.smsssiﬁ:ﬂ)

Table 16-9 : Energy balances for the boiler anddpartment

Energy balances [kWh]
Boiler House
Gas 5442 [ | Heating gains 3654 [ |
Heating [l  -3654|Solar gains 2109 ]
DHW [  -1461|Human gains 829 [
Losses I -257 |Electrical gains 2652 |

Infiltration losses -806

B
Ventilation losses [l -4864
(T

Transmission losses -3574

Finally, with the sankey diagram (Figure 16-18§ Eigure 16-14 and Figure 16-15 are summarized in
only one figure. The values of the flows are naitten to keep the figure simple, but the widthghaf
arrows are proportional to the values of the flowbe two balances are respected (Boiler and
Building) and the sum of the inputs is equal toghm of the outputs.
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Figure 16-18 : Sankey diagram for the building d@hd boiler (for the all year)

The Figure 16-19 : Sankey diagram for the buildangl the boiler (for December) and the Figure 16-
20 represents the sankey diagrams for one cold m@dcember) and one hot month (June). The
thicknesses of the arrows are proportional to thergy flow and the thickness is twelve times more
important in these monthly diagrams than in theuahone. Thus the three diagrams can be directly

compared. By example, the DHW flow which is mordess constant all along the year has the same
thickness on the three diagrams.

Solargains

Human gains

Infiltration

Electrical gains

Ventilation

Building

Transmission
Gas

DHW

Loszes

Figure 16-19 : Sankey diagram for the building dhd boiler (for December)
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Figure 16-20 : Sankey diagram for the building ahd boiler (for June)
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16.7 Conclusions

Some parameters, especially for the human behaaierhardly measurable in a dwelling. But with
the help of the known and monitored parameters somie results (as here, the monthly gas
consumption and over-heating), it is possible tonede the unknown parameters that give the
estimated results (from the simulations) as claspassible to the real ones. It has been showrighat
really an advantage to be able to calibrate onresgalts and not only one. The difference between th
reality and the simulation for the gas consumpi®rsmaller if the calibration is done on the gas
consumption and on the over-heating, than if thémrion is done only on the gas consumption.

Once the model is calibrated, it is possible tdizeasimulations which can give an estimation & th
real energy balances in the apartment. It couldalse possible to estimate the variation of the
consumption with a variation of some parameterkt@gd to the occupant behavior or not) and thus
give some piece of advices to reduce the heatinguraption.

It is important to keep in mind that the solutiouhd by the calibration process is maybe not tlaetex
one. There are several set of parameters whichsgivelated gas consumption close to the real dne. |
is important to know what the really important isw@re and to give the appropriate weights to the
different results in the calibration process.
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17. BEL-03: Multi-storey residential building in Belgium

17.1 Introduction
The objective of this study is to develop a new wayomparing simulation with measurements, in
the perspective of two very practical applications:

(1) Validation and tuning a simulation model;
(2) “Intelligent” energy counting with the help of pHeh simulation.

The second application seems of particular inteagsa possible feed-back offered to the building
occupants and helping them to reach an energyesftibehavior and to detect any energy waste.

The new approach consists in using indoor temperattecorded inside different building zones and
integrated energy demands as simulation input akplbvariables, respectively.

More details about the methodology are given inaganion report [1].

17.2 The dwelling

This dwelling located on the Belgian coast (Figiifel) has a total floor area of 9%5.m

Second floor

[ I

Figure 17-1: The dwelling

It can be subdivided into 9 different zones (withiet and boiler room aggregated into only one 2one
as indicated in Figure 17-2.

The living room is oriented to the North (i.e. @esside).

Two of the sleeping rooms are oriented to the Sauthird one is “blind”.
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Figure 17-2: the dwelling subdivided in 9 zones

The dwelling is equipped with a simple mechani@itilation system: exhaust openings are located in
the kitchen, in the shower corners of two roomsh@bath room, in the toilet and in the boilermoo
Direct electric heaters are available in all rooes;ept the kitchen, the corridor, the toilet ahd t
boiler room.

Only the living room is supposed to be heatedlathi@daily occupation periods.

According to the occupancy rate of the dwellinge thath room and the shower corners of two
sleeping rooms might be heated during limited nagrand evening periods.

The dwelling is surrounded by four other dwellingsich are not always occupied.

17.3 Assembling of the simulation model

The simulation model is built in three steps wiile help of the EES software [2] and according to a
method already tested on another building [3].

17.3.1 First step

The first step consists in subdividing the buildiagd its surroundings into different zones and in
identifying all internal and external walls. Thetemal zones are distinguished among themselves
according to occupancy schedules and to indoor@mviental requirements.

A matrix of zones interconnections is easy to baitcdbasis of building pictures and geometrical data
Each interconnection corresponds to one or to aéwalls, doors and windows, whose characteristics
are defined in the next step (8 3.2).

In the example considered here, a total of 15 zaneslistinguished (8 internal and 5 external)hgit

of these ones actually heated. The interconnectioreng these zones make appear a total of 30 walls.
Air flow rates are supposed to be imposed at thel lef 5 exhaust openings, connected to a through a
common duct to a fan located on the building roof.
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Other air flow rates are deduced from these 5 galbg mass balances and on the basis of a few
circulation hypotheses:

II'\:"|3L|_3 = MS,S
Meusa = Mizg
mau_ﬁ - MSB
I.\'."II|3L|_T" = MB.?
Msu1 = Mg
me:-:.ﬁ = ms_e
Msus = Mizs

17.3.2 Second step

The second step consists in identifying the R antb@ponents to be used to represent the internal
and external zone “partitions”.

The solution obtained from the first step is hesedu(by “copy and paste”) as input data.
In the example considered, each heavy wall is sgmted by a R-C-R (first order) model.

For example, the thermal characteristics R and @ngfinternal wall are given by the two following
equations:

1 2

= + € allin
Uil in hin A concrete
C\Apalin = ©wallin - fPconcrete * Ceoncrete [meQ'C]

Windows and doors are represented as purely rasisti

17.3.3 Third Step

The third step consists in interconnecting all Br€-R circuits and establishing the energy balances
of all nodes. This doesn’t require any graphic :toleé matrix established in the first step allowe t
user knowing which (internal or external) zonesiaterconnected through each wall.

Again here, the solution of the previous step eduby “copy and paste”) as input data.

In the example considered, the whole building maooetesponds to a set of 822 equations: 769
algebraic and 53 integral.

These equations are repeated and adapted, stefefywsth help of the classical “copy”, “paste”,
“find” and “replace” functions for all walls andlaones.
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Room 1 (living room):

Thermal balance:

l:}ccc,senfible_.l + Wlighling_.'l + WapPIiances.'I + Q_heating.1 + Qs_unl + H\renl_.1 - Q1_.2 - O'I,'z.-:ill"l_.B - Q1,9 - Q1_.'ID
= Quuani 1t = Qiuaniz = Qinant14a = Quwanis = Qsorage.t

Internal heat gains due to occupancy, lighting and appliances:

Qccc‘sensib\e__'l - focc_.1 ) roc,sensible.tn\ax

Occupancy schedule:

focct = Interpolate! ['occupancypoy’, 'hour, foci' , 'hour' = hourpe, ]
Quccsensivie tmae = 150 W]

Wighingt = focet * Wikghting.1.max

Wighting imax = 200 [W]

Wappliances.'l = focct - Wapp|mnces,1.max

Woapplancestmax = 100 [W]

Heating control (supposed to be proportional):

Qpeating1 = Fheating1 - Xheating1 * Qheating i

Heating schedule:

freatng1 = Interpolate1 [ 'occupancynoy, 'hour, Freating . 'hour' = hourp., ]

Control law:

Xheating.1 = Min |:1 B Max {Ds Cheatmg__control_.1 ) [theat\ng,set,'l - t'l :| )]
Qpeaingrr = 4000 [W]
Che:lting‘controm = 1 [0711

Control set point:

theating,set,1 = 20 [C]
Solar heat gain through the window:

ésun.'l = |N0rlh : A'I_.10 ) Swindow
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Ventilation:

Fiet = C1 v [tar = texi ]
f}-| = mem © Cp

c, = 1020 [J/kg-C]

taw1 =t

(hypothetical air circulation)

tex,1 = t'l

(perfect mixing hypothesis)

Transmission through the walls:
Light partition between zones 1 and 2:
Qi = Az Upaition  ~ [11 — t2]

(if partition closed)
Each heavy wall is, in first approximation simulated here as a first order R-C-R branch:
Wall 1-8:

Heat transfer from zone 1 to wall thermal mass:

Qiuanis = Aig - Uigaiis - tiwaris
Uiwarie = 2 Ugalin
(in first approximation)

St wall 18 =t = tuanis
Heat transfer from zone 8 to wall thermal mass:

Qauatis = As - Ugwalis * Stawalis
Usvalis = Uinanis

Stowante = ta = tyanis

Wall heat balance:

é1,'¢.-all.1__8 + li’&_.':.-all.'l__ﬁ = éstorage__wall.t&

Energy storage in wall thermal mass:
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Tz

= I [éstcrage,'.'.-all,l,-‘f-‘- ] dT

Ty

Q storage,wall, 1,6

Q storage wall, 18 Atz - CAyaiin - Atuaiis

Atyai 18 = twanis — twanisa
Initial temperature (hypothetical):

tyan1s1r = 20 [C]
Wall 1-9 (glazed door).

Qg = Ay - Ugiazing - [t1 — tg ]
Wall 1-10 (North window):

Q10 = A0 - Unindow - [t1 = tioequv |

The heavy walls connecting zone 1 to adjacent zated 2, 13 14 and 15 are simulated in the same
way as the wall 1-8...

Indoor thermal storage:
Tz

CJe‘.ic»rcu_;]r;\.l = J [éstorage,'l ] dr

T

Qs’tor:{ge.l = Cyi - Al

The indoor (fictitious) thermal mass corresponds to the air thermal mass multiplied by a majoration factor:

Ci1 = Fihermalmass Voo P Cp
F thermalmass = 5 [']
Atv =t =ty

t|.1 = 20 [C]

Various hypotheses can be made on the temperdttire stair case.
For example, it can be assumed that this temperdtyrat least, 5 C higher than the outdoor
temperature and never lower than 5 C:
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Hypothetical temperature in the stair case:

t8 = Max I:tB_min- tout + ﬂtﬁ.out :I fo
l8,min = 5 [C]

The outdoor environmental temperature is suppasdake the effect of long wave sky radiation into
account (the sky is usually colder than the aipetieling on sky clarity):

Outdoor air temperature:
tio = tou

Sky radiation effect:

|R ky
tigeqv = tio — € - Flray hs'
out
Emissivity:
g = 09 []

Sky view factor:

Flrsky = 0.5 [
(for a vertical surface)

Various hypotheses can also be done on the teropesabf the other adjacent zones, depending
mainly on the occupancy rate or the surroundingtapents:

Hypothetical temperatures of the surrounding internal zones:

tn =t
tis = tg
tiy = ts
tis =t

(This would mean that only two of the four adjacepartments are actually occupied).

The thermal balances of the other 7 internal zane®stablished in the same way...
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All power and energy consumptions can be definefdlasvs:
Heating power:

Qhe:{ting = Qheating.1 + l:-;Jhe:{ting,Z + Qhealing__S + Qheating.ﬁ
Heating energy:

T2

l:'}he:{ting = J- [éhealing :| dr
Q _ Q heating
heating, kWh = m

WAkW = 1000 [W/kW]

Lighting power:
anhnmg = anhting.1 + anming.z + anming.s + anhting.s
Lighting energy:

Wiightng = J [anhtmg ] d=

T

W ighin
Wi = ghting
lighting kWh WKW - s\h
Appliances power:
1“'ﬁ"'r:{ppliances = Wappliances.1 + W:{ppliances__Q + Wappliances,B

Appliances energy:
T

-

Wﬂppliances = J [Wappliances ] dr

T

2

1

Wﬂppliances
WAKW - sth

W appliances, kWh =
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Hot water power:
tht.'-n::{ter = Mhol_'.'.-ater © Cyater - [thot.water - tdislribution :|

m hot, water,day
s\h - hour\day

L]
M hot, water

Mhstwaterday = 80 [kg]
Cuater = 4187 [J/kg-C]
thotwaer = 70 [C]
tgisribuion = 10 [C]

Hot water energy:

T2
Q ot water = _l [Qhot,water ] dr
Tq
Qh WWh - Qhot.water
ot water, kW = s
WikW - sth

And, as all consumptions are in the same energy (etectricity), they may be added together:
Total energy:
Wictagwn = Qneaingkvn T Wiightingkwh ~ + Woapplianceskwh  + Qnot water kwih

Hourly values of outdoor air temperature and oblfgl and diffuse) solar radiations incident to an
horizontal surface are given in lookup tables:

tot = |nt9rP0|atE1 [qweatherls ‘tau summer . Ts IItausummer' = Tsummer :|
Ig|Io|J = |nterp°|ﬂt91 ['Weather‘, tau symmer : IIg|U|:J‘ , taUsymmer’ = Tsummer ]
lgg = Interpolate [‘Weather', "tau symmer' , g, tAUsummer’ = Tsummer ]

These terms are combined as follows, in order fm&ldéhe solar radiations incident to surfaces of
different orientations:
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INoth = INorndireet + 0.5 ¢ lgop - albedo + 0.5 - lgg

|North,direct = Froth ~ ldirect

lsoun = lsouthdiret + 0.5 - lgon - albedo + 0.5 - g
|South,c|irect = Fsouth - ldireet

v = lgiob

albedo = 0.2 []

ldieet = lglob — laiff

Pre-calculated hourly values of the orientationtdes (for the given latitude) are also given in a
lookup table:

F North Interpolate1 [ 'sunyy,' 'heureg, ., , 'North' 'heure ., = heure iy |

F south Interpolate [ 'sunguy’, 'heureg ey, 'South’, 'heureyyjie,' = heure sy jey |

The long wave sky infrared radiation is estimataly by day, by empirical correlation with the “sky
clarity”, which is defined a ratio between actualdamaximal number of hours of sunshine (the
maximum corresponds to full clear sky conditions):

IR sky = IR sky,min + IR sky,max s\s cs
IR sky, min = 45 [me2]
IR sky.max = 100 [mez]

s
s\s.. = - [-]

Ccs

Daily values of the number of hours of sunshineadse given in a lookup table:

s = Interpolate1 [‘daily weather', tausymmer’ . "Hoursyn day’ , taUsummer’ = Tsummer ]

The maximal number of hours of sunshine corresptmtise day duration; for the latitude considered,
it can be calculated as follows:
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See = Sg + AS - SiN[wgs - (day - dayp )]

T
M day 2 E—
= day max
sg = 12 [h]
As = 4.4 [h]

day, = 80 []
daYnmx = 365 P]

17.4 First simulation results: Influence of occupancy raées

The possible influences of both (internal and sumding) occupancy rates are here observed by
simulation on a reference year.

Three and four levels are distinguished, for irskemd surrounding occupancies respectively.

The three levels of internal occupancy rates cpoed to the use of one, two or three rooms, by two,
four or six persons, respectively.

The four levels of surrounding occupancy corresponithe number of surrounding dwellings actually
occupied.

In this first sensitivity analysis, the occupaneydls are still supposed to be constant all albeg/ear.
Examples of simulation results are presented irurelg 17-3 to 17-11; they correspond to the
following cases:

(1) Full internal occupancy and no surrounding occupdRigure 17-3)

(2) Partial internal occupancy and no surrounding oanap (Figures 17-4 to 17-7)
(3) Full internal and surrounding occupancies (Figurés to 17-10)

(4) Partial internal occupancy and full surroundingupancy (Figure 17-11).
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Figure 17-3: Total heating demand when the dwelisfully occupied and the adjacent four
dwellings unoccupied
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Figure 17-4: Total heating demand when the dwelighgartially occupied and the adjacent four
dwellings unoccupied
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Figure 17-5: Heating demands of the whole dwellingolack), of the living room (in blue) and of the
bath room (in red) in same conditions as Figure4l7-
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Figure 17-6: Outdoor and indoor temperatures in doaditions of Figure 17-4
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Figure 17-7: zoom of Figure 17-6
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Figure 17-8: Total heating demand when the dweltingsidered and also the four adjacent dwellings
are fully occupied
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Figure 17-9: Outdoor and indoor temperatures in doaditions of Figure 17-8
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Figure 17-10: Zoom of Figure 17-9
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Figure 17-11: Total heating demand when the dwgliéonsidered is partially occupied and the four
adjacent dwellings fully occupied

A

It appears that the surrounding occupancy levietie the most influencing factor.

The actual variations of the heating demand coulehebe stronger than indicated here: when the
surrounding dwellings are empty (and just heatesligh to maintain their indoor temperature above
5°C), it appears (Figures 17-6 and 17-7), thatnkdeor temperature of the (supposed-to-be unheated)
sleeping room is currently rather low (between 8 40°C) in winter time. It also appears (on the
same Figures) that the transient heating of thdén lbabm is not sufficient to bring the indoor
temperature to an acceptable level. This meansath&gher heating demand has to be expected when
the surrounding dwellings are empty.

The heating demand is probably also (as much iativel value, but less in absolute value)
underestimated when the surrounding dwellings acigied: in that case, the (optimistic) hypothesis
is that their indoor temperature is identical tee tliving room temperature of the dwelling
considered...

A total of 11 combinations have been considerethim sensitivity analysis; a synthesis of the resul

is presented in Table 17-1.

The variables included in the different columns are

Column 1: dwelling occupancy rate (correspondingh® number of rooms occupied) varying from
0.33 (one room occupied) to 1 (all the three rooswipied)

Column 2: occupancy rate of the surrounding dwgdifcorresponding to the number of surrounding
dwellings occupied) varying from 0 (no surroundiahgelling occupied) to 1 (all the four surrounding
dwellings occupied)

Columns 3 to 6: specific energy consumptions

Column 7: total energy consumption.

All these results stay hypothetical, but the vaoiz are rather impressive.

The runs 9 and 10 should not be directly comparétl wther ones, because they are based on
different combinations of surrounding dwellings.
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Table 17-1: synthesis of simulation results

-

-

-

=

=

‘D“ DweIIingL;SurroundinE: Qhol,water Qhealing WAppIiances,le Wlightmg,kWh Wlotal,kWh
[-] [-] [kWh] [KWh] [KWh] [kWh] [kWh]
Run 1 0.33 0 2038 10104 5475 1978 19595
Run 2 0.33 0.25 2038 7864 5475 1978 17355
Run 3 0.33 0.5 2038 5215 5475 1978 14706
Run 4 0.33 0.75 2038 4611 5475 1978 14102
Run 5 0.33 1 2038 3767 5475 1978 13235
Run 6 0.66 0.25 2038 8720 5475 2635 18868
Run 7 1 0 2038 12027 5475 3292 22832
Run 8 1 0.25 2038 9535 5475 3292 20340
Run 9 1 0.5 2038 10800 5475 3292 21605
Run 10 1 0.75 2038 4524 5475 3292 18889
Run 11 1 1 2038 4524 5475 3292 15329

Examples of regressions are presented in Figurd2Bhd 17-13.
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Figure 17-12: Influence of the dwelling occupanateron the heating demand



11000
100007 ——— Qpgaiin=9766.46-€xp(-1.00776-Surrounding,cepanc,)
9000
8000
7000
6000
5000
4000
3000
2000
1000
O 4
0 0.2 0.4 0.6 0.8 1
Surrounding,ccupancy [-]

Qheating [kWh]

Figure 17-13: Influence of the surrounding occuparete on the heating demand

These regressions established on the basis ofirthgasion results are no more than a provocation:
such building “signatures” should be experimentakyablished on shorter time bases and for differen
weather conditions. Both internal and external pecicy rates are indeed varying a lot all along the
year.

At least, this first parametric study demonstrdtess much the heating demand can be affected, not
only by the occupancy rate in the dwelling consdebut also by the occupancy rate in each of the
four surrounding dwellings.

17.5 Monitoring and comparative simulation

The dwelling is equipped with (peak and off-pealectical and water counters. These counters are
read at different times when the dwelling is ocedpi

Indoor air temperatures are continuously and autically recorded in four zones of the dwelling: the
living room, two sleeping rooms and the bath room.

Weather data are taken from the nearest meteooallogfiation.

Other recordings are taken about the actual ocayplawel in the dwelling considered and in the four
surrounding dwellings.

17.5.1 On short time period

A first detailed comparison between simulation anelasurements was established on a short time
period corresponding to one day with night set gk

17.5.1.1 Recording of indoor climate, consumptions and schedes
Examples of recordings are presented in Figures4lio 17-17.

Indoor and outdoor temperatures recorded on agefione week are presented in Figure 17-14. The
dwelling stays unoccupied during the first six daythat week. The occupancy period starts on the
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evening of the sixth day. A zoom on that last 2GBrB@eriod is presented in Figure 17-15. The shapes
of the curves correspond to the following events:
» Arrival of the occupants on December 3rd around @B& 8083rd hour of the year), starting
of the heating in three zones of the dwelling Iy sleeping and bath rooms);
» Shutting down of the heating in the evening (finsthe living room and a little later in the two
other zones) around the 8087th hour;
» Re-starting of the heating on the next morningt(fin the bath room and two hours later in the
living room) for a while;
e Shutting down again a few hours later (first in thegh and sleeping rooms and then in the
living room).
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Figure 17-14: Indoor and outdoor temperatures retzn on one week
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Figure 17-15: zoom on the right side of Figure Xr{fast 25 h time period)

Cumulated peak, off-peak and total electricity eonptions manually recorded on a 5000 hours
period are presented in Figure 17-16.
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The points of the diagram correspond to occasimgalings of the counters.

Off-peak periods are from 10 pm to 7 am and wee&end

The smooth slopes of the three curves on the ilgdt of the diagram correspond to the non-heating

period. On the right side of the diagram, the shiaghope increases correspond to occupancy periods
with (growing) heating needs.

The zoom presented in Figure 17-17 correspondseteame 25 hours period as in Figure 17-15. The
peak counter is here only working during the vénst foeriod (on Friday evening).

The apparent superposition of peak and off-peakasieis occurring between the hour 8085 and 8086
is due to the fact that the counters were not atatiange-over time.
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Figure 17-16: Electrical consumptions recorded opeaiod of 5000 hours
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Figure 17-17: zoom on the same 25 hours periochdsgure 17-15

17.5.1.2 Simulation
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The simulation is performed by using the four indao temperatures as input data: this eliminates
any control uncertainty and should make the medswed simulated consumption directly
comparable. The other (unheated) zones are sindudaten “free floating” temperatures.

The heating demands of the four zones whose temupesaare imposed are plotted in Figure 17-18.
As to be expected, their shapes are similar tshiapes of the curves of Figure 17-15, except fer th
time variations which are here a bit sharper. Iddée each room, the temperature response to any
variation of heating power is damped by the wélkrtnal mass.

Significant simulation mistakes also appear in tRigure: a non negligible heating demand is
calculated before occupant arrival (hours 80800838; this fictitious heating demand reaches 1000
W in the living room (blue curve), probably duesome erroneous estimate of boundary conditions
(mainly the temperatures of the surrounding dwgn

A slightly negative heating demand is also cal@adatater in the unoccupied room (red curve),
probably also because of erroneous boundary conditiThe simulation model should be tuned on the
whole observation periods and mainly when the dagells empty.

The heating powers of Figure 17-19 are integrateBigure 17-20, in order to make them easier to
compare with the energy records. It appears thattttumulation of energy in the walls produces a
very significant increase of the heating energy awinon the first evening and still on the whole 25
hours period considered...
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Figure 17-18: Simulated heating demands as funstarthe four indoor temperatures of Figure 17-
15.
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Figure 17-19: Dynamic and static heating demands anergy storage in walls
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Figure 17-20: Integration of the curves of Figuré-19

17.5.1.3 Comparison between simulation and measurements

A fairly satisfactory comparison between the meeduelectrical consumption and the simulated
heating demand is presented in Figure 17-21.

The total consumption of electricity is over-pagsine heating demand because of:

- Electrical energy not used to heat the dwellin§) the order of 5 kWh per day, for hot water
production);

- Modeling inaccuracies (mainly static and dynawci@racteristics and temperatures in surrounding
dwellings).

These differences should be reduced thanks to & ahetiailed analysis of all information available
and also by a better tuning of the simulation model
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Figure 17-21: Measured electricity consumption aimdulated heating demand

17.5.2 On one month

The previous analysis made appear the strong affate thermal mass of all (internal and external)
walls. In short term (for periods of the order offeav hours), the (intermittent) heating demand
appeared as dominated by the effect of the end¢oggge in these walls.

A detailed analysis of all information availabledisne hereafter on the month of January 2011.

17.5.2.1 Recordings

The global consumption of electricity is plottedFigure 17-22.

Occupancy and no occupancy periods are easy fagiigh in this diagram, thanks to the two very
different slopes.
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Figure 17-22: Electricity consumption in January140
The water consumption was not (yet) regularly rdedron this period, but it makes appear an almost

similar evolution, as shown in Figure 17-23. Thailarity would probably appear as much stronger
if more recorded values were available, among sethewvund the hour 9300 and after the hour 9500.
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Figure 17-23: Water consumption in January 2011

Even with this still limited information about wateonsumption, the idea of using it as “historical”
variable in place of the time is already testeBigure 17-24:

It gives a much smoother curve of energy consumpte&ven becoming almost linear. A linear
regression can be established on this basis argldpe of this regression can be considered asya ve
simple characterization of the heating demandtierrmonth considered (i.e. for the average weather
and the average surroundings occupancy rate ofrtbath).

The interesting point is that the (variable) ocouparate of the dwelling considered is now included
in this characteristic.
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Figure 17-24: Electricity consumption as functidna@ater consumption in January 2011

Actual occupancy rates in and around the dwelliregpdotted in Figures 17-25 and 17-26.
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Figure 17-26: Dwelling and surroundings occupanates

As previously, four indoor air temperatures aretcwously recorded and the outdoor temperature is
extracted from a nearby weather station. The elmwistof these temperatures are shown in Figure 17-
27.

It appears that the outdoor temperature is, mogheftime, fluctuating around 5°C, with maxima
over-passing 10 °C and minima going well below 0°C.

Indoor temperatures are, most of the time, fluatgabetween 10 and 20 °C, with maxima reaching
25 °C (t6: bath room) and minima approaching 7 tGha end of the period considered (dwelling
empty and exposed to cold weather) conditions.

One curve (t3 in red) of Figure 17-27 is not issdemm measurement, but from simulation: it
corresponds to an empty room, which is not indioecttact with the outdoor environment and never
heated. This explains its very smooth appearanoevialent perturbation and no digitalization
discontinuity.
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Figure 17-27: Indoor and outdoor temperatures

The information contained in Figures 17-22 to 17aP4 used in the simulations presented hereafter...

17.5.2.2 Parametric study on the effect of surroundings ocquancy rate

As already shown, the uncertainties about actualipancy rates in surrounding dwellings and mainly
about actual temperatures maintained inside thesellidgs (with and without occupancy) are
probably the most important factors influencing tleating demand of the dwelling considered.

This influence can be checked by parametric amalysi

Some examples of simulation results are presergeshfier...

(1) Without any surrounding occupancy

Simulated heating “demands” corresponding to theosed temperatures of Figure 17-27 are
presented in Figure 17-28. Only the room 1 (livingm) 5 (main sleeping room) and 6 (bath room)
are actually heated. This means that the heatieghéhd” of room 4 (hon occupied sleeping room)
has to be considered as virtual: it would be ndgkgif the simulation was fully realistic, which
doesn’t seem to be true here.

Also in other rooms and mainly in the living roowery significant heating “demands” are generated
by this simulation during non occupancy periods.

This unsatisfactory simulation result is confirmid Figure 17-29: the global heating “demand”
appears as much too high during non occupancygserio
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Figure 17-28: Simulated heating demands in cas@adurroundings occupancy
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Figure 17-29: Simulated global heating demand isecaf no surroundings occupancy

(2) With 0.75 of continuous surrounding occupancy rate

The heating demands calculated in this other exreitnation are plotted in Figures 17-30 and 17-31.
Except for the living room (Figure 17-30), thesesules are much more satisfactory: the heating
demand stays almost negligible all the time inrthe occupied room 4 and also negligible during non
occupancy periods in rooms 5 and 6.

The global heating demand (Figure 17-31) is alseermealistic, but still non negligible during non
occupancy periods.

A comparison between this last simulation of theatimg demand and the actual electricity
consumption is presented in Figure 17-32.

Both curves are not expected to coincide, amongrsthecause a (small) part of the electricity
consumption is not “recovered” for space heatihgorresponds to water heating and to (a partef th
cooking.
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From other part, a (very small) part of the freathis provided by non electrical sources: sensible
metabolism of the occupants and also solar heassgarough the window of the living room (it is
North oriented, but still collects some diffuseigditn).
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Figure 17-30: Simulated heating demands in casmnfinuous occupancy in three of the
surroundings dwellings
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Figure 17-32: Measured electricity consumption aimdulated heating demand with three
surrounding dwellings occupied

(3) Parametric study

Simulations results obtained with four differentcopancy rates of the surrounding dwellings are
presented in Figure 17-33 in a way they are easpngpare with measurements: the simulated global
heating demands are plotted as functions of thesaned electrical consumption.

This could be the most expedient presentationrofikition results: the simulation output is selected
as directly comparable to the recordings.

In Figure 17-33, the black dotted line is supposedorrespond to a perfect agreement: calculated
heating demand equal to measured electricity copam This is still an approximation, because of

(marginal) “non heating” electrical consumptiondasf (also marginal) non electrical free heat, as
already mentioned.

The best simulation results (green curves of Figuré-32 and 17-33) seem corresponding to the
hypothesis of three surrounding dwellings contirslpwccupied, but such hypothetical occupancy
rate is much higher than what is actually recor@ed curve of Figure 17-26).

A better explanation has to be found...
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Figure 17-33: Calculated heating energy demanduastion of measured electricity consumption

17.5.2.3 Introducing more realistic hypotheses
The temperatures in the surrounding dwellings arttié stair case are not measured.

When any one of the surrounding dwellings is ocedpits temperature is conventionally supposed to
stay equal to the living room temperature of thelking considered.

In non occupancy time, the temperature of the siging dwellings is supposed to follow the (very
hypothetical) law applied to the stair case:

tg = Maxi-tﬂ.miw tout + Alg,out >
ta.min = -5 [G]
Atgout = 5 [C]

According to this hypothesis, the temperature @f skair case is “floating” 5 C above the outdoor
temperature and above a minimum of 5 C.

A new parametric study was performed about theceffethis minimum.

The best results of this analysis are present&iures 17-34 and 17-35.

It appears that the assumption of a minimal sumings temperature of 12 °C can provide a global
reconciliation between simulated and measured eopsans (Figure 17-35), but with, time to time,
unrealistic negative values of instantaneous hgatemand (Figure 17-34).

It's obvious that a minimal temperature of 12 °Quigealistic and, again, a better explanation bas t
be found...
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Figure 17-34: Global Heating demands calculatechwitore realistic hypotheses
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Figure 17-35: Simulated heating demand as funabibtine electricity consumption

In another parametric analysis, various (more s&a)i minimal temperatures were combined with

various heat transfer coefficients of the envelgpeadows, walls, floor and ceiling).

The best results, presented in Figures 17-36 88 ¥vere obtained with the following combination of
(still very hypothetical) inputs: minimal surrounds temperature of 10 °C, significantly reducedthe
transfer coefficients and local outdoor temperatstiagying 0.5 K above its value measured at the

weather station (slight microclimate effe

After careful tuning of all the parameters, a $atitory agreement is found between simulated hgatin

ct).

demand and electricity consumption, as shown inrfeid. 7-38.

During non occupancy periods, a more realistic gldteating demand is also obtained, as shown in
Figure 17-37, but there remains a non negligibl @mexplained heating demand in the living room,

as shown in Figure 17-36.
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The still unexplained oscillations of simulated tieating demand might, among others, be due to a
too simple dynamical modeling: each heavy wallépresented by first order symmetrical R-C-R
schema. A multi-layer schema had been more accurate

Moreover, indoor thermal masses are only repredentthe rooms where the indoor temperatures are
not set at their measured values. This is for stimnh easiness: it's much easier to calculate the
temperature of a thermal mass as function of tearhl power than the contrary.
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Figure 17-36: Simulated heating demands after heshg of all parameters
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Figure 17-37: Global heating demand after best mgnof all parameters
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Figure 17-38: Simulated heating demand as funatibiine electricity consumption

A first idea about the possible influence of suirhpdification is given hereafter, by moving a bit a
external walls thermal masses towards the insidbeotiwelling. The new results presented in Figures
17-39 to 17-41 where obtained with dissymmetricdiesnas 0.5*R-C-1.5*R, i.e. with a ratio of 3
between outside and inside thermal resistances.ifitieases the internal heat storage effects.

As to be expected, higher heating peaks and stfonge” (associated to the digitalization of
temperature measurements) are then generated sintlation (Figures 17-39 and 17-40), but the
final agreement between simulation and measurenents significantly improved.

More detailed analyses, including other observagbemods, would be welcome...
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Figure 17-39: Simulated heating demands with thémmass shifted to inside (to be compared with
Figure 17-36)
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Figure 17-41: Simulated heating demands as funaticthe electricity consumption

17.6 Records on longer periods and correlations

17.6.1 Records

The recordings of temperatures and (electricity water) consumptions were extended until February
2012 (almost two year).

Examples of last temperature records are presemteidures 17-42 to 17-44.
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Figure 17-44: Temperature recorded in the bath rqdamst time period)

All the records of (peak, off peak and global) &ieity consumptions are presented in Figure 17-45.
Corresponding water consumptions are plotted inifgid.7-46.
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Figure 17-45: Electrical consumption on the wholemtoring period
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Figure 17-46: Water consumption on the whole maimitpperiod

At first look of Figures 17-45 and 17-46, the sgorelationship between electricity and water
consumption doesn’t immediately appear.

It's more obvious when making a zoom on a shorégiopl, during which the outdoor temperature is
not varying too much. An example of such superpmsis presented in Figure 17-47.
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Figure 17-47: Electricity and water consumptionsare month without space heating demand

17.6.2 New correlations

The electricity consumption can be expressed astifum of the water consumption, as shown in
Figure 17-48. This curve is much smoother than wbepressing the electricity consumption as
function of the time (Figure 17-45). The lockdpe of the curve is directly related to the impeict
the space heating, i.e. to the outdoor temperature.
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Figure 17-48: Electricity consumption as functidrtloe water consumption on the whole monitoring
period

As already suggested, very significant linear datrens can be identified on shorter time periods
during which the outdoor temperature doesn’t vagyruch, as shown in Figures 17-49 to 17-53.

The slope of each regression line is related taatlegage outdoor temperature, which determines the
heating demand.

When this outdoor temperature is high enough, agxfample in August (Figure 17-50), there is no
space heating demand and the electricity consumgionly due to other uses: hot water, cooking,
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lighting and other appliances. The slope of theaggjon line is then of the order of 35 kWh peroh3
water consumption.

In colder weather conditions, the regression siopesases because of the space heating demand. In
January, for example (Figure 17-49), it reachek\& per m3 of water consumption...
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Figure 17-49: Electricity consumption as functidlve water consumption in January 2011
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Figure 17-50: Electricity consumption as functidrtloe water consumption in August 2011

August 2011
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Figure 17-51: Electricity consumption as functidrtloe water consumption in September 2011
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Figure 17-52: Electricity consumption as functidrilee water consumption in October 2011
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Figure 17-53: Electricity consumption as functidlve water consumption in October 2011

17.7 Conclusions

Using all measured temperatures as input dataeisithulation makes possible a direct calculation of
the net space heating (or cooling) demand, witltowicern about the actual behavior of the control
system.

Heating (and cooling) demands can also be conveteough system simulation, into corresponding
energy consumptions, to be compared with infornmagot (by direct reading or automatically) from
the energy counters available.

In the example considered, the heating demandaagly affected by both “internal” and “external”
(surroundings) occupancy rates.

Recorded water consumptions might help a lot imtifigng these occupancy rates and also the “non-
heating” consumptions.

In case of very variable occupancy rate, water wondions can be preferred to time as “historical”
variable, in order to get a “smoother” curve of mgyeconsumption. This curve can even be
approached by a linear regression in each seapenall. The slope of this regression might be used
as “seasonal signature” of the system considered.
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18. CHN-01: Multi-storey residential building in China

18.1 Introduction

This case study house is compared in a study iigetistg the relationship between the energy use and
occupant behavior in the multi-family apartment.

18.2 Location and climate

The apartment building is located in Tsinghua Ursitg Campus, Beijing, China. Beijing is the
capital of China, with latitude: 39° 55'N and longie: 116° 23'. Its climate is rather dry, monsoon-
influenced humid continental climate, hot, humidnsoers due to the East Asian monsoon, and
generally cold, windy, dry winters that reflect thdluence of the vast Siberian anticyclone. The
monthly daily average temperature in January ig -°&, while in July it is 26.2 °C. Precipitation
averages around 570 mm annually, with the greabmiajof it falling in the summer months.
Extremes have ranged from —-27.4 to 42.6 °C.
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Figure 18-1. The geographic position of Beijingdhina
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Figure 18-2. The outside view of the investigateitiing

The measured climate data is the dry bulb tempexaithich shows below:
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Figure 18-3. The measured dry bulb temperaturerdyd year

18.3 Householder Information
This family consists of five people, a couple, asea grand mom, and a son.

Table 18-1. The composition of the investigatedljam

NO. Name Own room Remark

1 husband IT officer
) master bedroom
2 wife teacher
3 grand bedroom 1 retired
mother

4 son bedroom 2 middle school student
5 nurse bedroom 3 nurse for cooking and cleaning
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Figure 18-4. The layout of the investigated hou&ho

Living room Bedroom 2
Figure 18-5. The actual views of the living roonddedroom 2

Constructions:

Table 18-2. Area of exterior walls in differentemiations (m2)

Orientations East South West North
Balcony1l 2.7 5.5 2.0 1.3
Bedroom1 11.1 0.8 12.4 9.3
Bedroom?2 - 9.1 10.8 3.1
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W.C. 4.3 11.4 9.4 11.4
Balcony?2 5.1 1.8 - 1.8
Bedroom3 5.9 10.7 7.2 -

Living Room - - 18.1 2.5
Bedroom4 4.5 5.4 5.8 5.4
Kitchen - 8.4 5.8 8.4

Table 18-3. Area of exterior windows in differeneatations (m2)

Orientations East South West North
Balconyl 2.7 5.5 2.0 1.3
Bedroom?2 - 1.7 - -
Balcony? 5.1 1.8 - 1.8
Bedroom3 1.3 - - -
Bedroom4 1.3 - - -

Table 18-4. U-values of walls and windows

Material layers Total U-value
Area(m2) | (W/m2K)
Exterior walls porous ceramisite hollow brick
300mm 54.2 0.46
insulated 50mm
Internal partition walls cement mortar of 60mm 44.2 3.15
Interior wall 200mm porous ceramisite holloy
(with insulation) brick, with 20mm Composite
silicate insulation materials 90.7 0.86
adjacent to stairwell, elevator and
corridor
Windows AIumln.um allgy, double-paned 244 58
insulating glass

18.4 Investigation Methodology

We use both questionnaires and measurements tstig@te energy use and occupant behaviors. The
guestionnaire is attached in the document listutft&sk B1.

Temperature and power meters are used to recordntte®r conditions and states of electrical
appliances at every minute. The measurement weasdtaom 2010/12/28.
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Figure 18-6. The meters are distributed in eachncend monitor all the electrical appliances.
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Figure 18-7. Distribution of electric appliancescameasure points for temperature

Table 18-5. Measuring points of thermometers

No. position Remark
1 Bedrooml - Balconyl On a bar
2 Bedrooml - Bedside On the head of bed
3 Bedrooml - Bookcase Top of bookcase beside TV
4 Bedroom?2 - Bookcase
5 Living room - Side Cabinet Cabinet beside TV
6 Living room - Main area On chair of dining-table
7 Living room - Cabinet Top of cabinet beside dipztable
8 Bedroom3 - Wardrobe Top of wardrobe
9 Bedroom4 - desk
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Table 18-6. Measuring points of T&RH meters

No. position Remark
1 Bedroom1 - Bookcase Top of bookcase beside TV
2 Bedroom?2 - Bookcase
3 Living room - Cabinet Top of cabinet beside ditable

Table 18-7. Measuring points of power meters

No. position Remark
1 Bedroom1 - Desk Computer, screen, sound box, lamp
2 Bedrooml - Bedside Bedside lamp, alarm clockhaeger
3 Bedrooml - TV TV, DVD, wireless router, recharger
4 Bedroom1-Air conditioner
5 Living room - Christmas tree Lighting for Chrisamitree
5-2 Living room - Air conditioner With air conditi@r in bedroom3
6 Living room - TV TV, sound box, CD player, wireke
router, humidifier
7 Bedroom2 - TV TV, telephone, lamp
8 Bedroom?2 - Air conditioner
9 Bedroom4 - TV TV, electric fan
10 Kitchen - Washing machine
11 Kitchen - Electric cooker Electric cooker, t@msiven
12 Kitchen - Exhaust fan Gas water heater exhamnst f
13 Kitchen - Kitchen ventilator
14 Living room - refrigerator
15 Living room - microwave oven Microwave oven, fegimaker
16 Total scaled meter 1 Live line
17 Total scaled meter 2 Neutral line

Power meter for Bedroom 1 - desk : including
computer, screen, sound box and lamp
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Power meters : Total scaled meter 1 and 2
Figure 18-8. Actual views of some power meters

18.5 Energy usage

We calculated the whole year electricity consumptib2011. It shows below:
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Figure 18-9. The monthly electricity consumptiorthef whole year 2011

AC and lighting curves for one period are showrobel

404



——Indoor T

Outdoor T ——AC Power

W
o

1600

- 1400

8

1200

(=
L

1000

8

800

o
Power (W)

600

Temperature (C)

s

400

B 200

o o
08-08 0&-09 06-10 08-11 06-12 08-13 08-14 06-15

Figure 18-10. The indoor and outdoor temperaturd &€ power for one period

——Lighting Power
2000

1800

1600

1400 A |

Power (W

06-08 06-09 08-10 06-11 06-12 06-13 06-14 06-15

Figure 18-11. The lighting power for one period

18.6 Occupant behaviors
18.6.1 OB from Questionnaires

Analyze OB characteristic parameters from questaoes data. Including: movement events and
parameters, and actions on window, lights, ACs,, efs.

The questionnaire survey is carried out in summesm the questionnaires, there are three types of
AC usage patterns: 1) the couple turn on AC whelirfge hot and turn it off when leaving room; 2)
the son turn on AC once entering his room and seltion it off when leaving room; 3) the grandma
turn on AC only when feeling very hot and turnfit @fter the indoor temperature is dropped.

All people open the window when getting up and arbse it if AC turned on.

The lights are turned on only when feeling dark anmded off when leaving room and getting asleep.
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18.6.2 OB from Measurements

Analyze OB characteristic parameters from contirsumwnitoring data. This is used to compare and
check the availability of investigating OBs by gti@snaires.

An example of AC behavior analysis:
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Figure 18-12. The indoor and outdoor temperaturd &€ power for four days
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Figure 18-13 The statistical cooling status of thain bedroom
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Figure 18-15. The analysis of the temperature wiemed off

Occupied space only (part time part space): (1phTur. Starting temp: feedback, threshold value. (2)
Turn off: Scheduled (after getting up in the mogjior before sleeping in the night) or When leaving
(3) with a fixed set point.

This AC usage pattern is for the couple living e tmain bedroom and it matches the result from
guestionnaire.

18.6.3 OB modes for residents

Through comparison of analysis results from questires and measurement, we conclude several
typical behavior modes for AC and TV usage in thisily.
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Table 18-8. Description of AC action based models

Object OB mode Description Characteristic
Parameters
Split Mode 1: part-time Turn on when occupant is in room  Occupancy schedule;
AC part-space and feel hot; Starting point;
Turn off when leaving or getting up; Set point.

With a fixed set point.

Mode 2: Turn on when occupant is in room; Occupancy schedule;
Turn off when leaving; Set point
With a fixed set point.
TV Mode 1 Turn on randomly, turn off Occupancy schedule;
randomly. Mean watching-TV time
per day
Mode 2 Turn on at night, turn off before Occupancy schedule;
sleeping. Starting time

18.7 Conclusions

Occupant behaviors (e.g. window opening, use of@iditioners, use of lights, etc.) have significan
impact on building energy consumption, especialyléw energy buildings that rely more on natural
ventilation, passive heating, and daylighting, dralle become a key factor in building energy
simulation. However, due to the uncertainty and glexity of occupant behaviors, how to accurately
describe and model them such behaviors is stilfj Zlmallenge.

In this case study, use of air conditioners (Adights, and appliances in residential buildings are
discussed. Measured data reveal that the main akasdics of occupant behaviors can be well
described from the action-based viewpoint: 1) Oectippehavior related to each type of object (AC,
light, appliance, etc.) is just the action that change the state of the object. For example, skeofia
two-state device (e.g. light) can be decomposetivbyactions: turn-on and turn-off; 2) the turn-an o
turn-off action by each occupant has certain padgtehat can be defined with specific quantitative
parameters; and 3) Different occupants may haverdift patterns of actions. Based on these findings
an action-based model is proposed in this papea asmmon description method for all sorts of
occupant behaviors in buildings.

Due to its simplicity, individuality, accuracy aeapandability, this model is expected to help adean
the definition, investigation, analysis, and sintigia of occupant behaviors to help the design and
operation of energy efficient buildings.
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19. JPN-01: Single Family House in Japan

19.1 Introduction

The main objectives of this investigation are, d)show an example of case study for residential
building, 2) to clarify actual conditions of thedabenergy use and factors influencing energy Tibis
investigated house is a well-insulated detachedsdauith energy source of electricity exclusively.
This is a typical type of detached house in Jagashawn in Figure 19-1.

Figure 19-1 View of the house

19.2 Location & Climatic conditions

Figure 19-2 shows the location of Sendai in Japagure 19-3 shows the monthly mean temperatures
and mean humidities in Sendai, Montreal and Be8endai is cold and snowy in winter, but hot and
humid in summer. The raining season of Japan im fdune to July. Minimum and maximum
temperatures are 1.5 0C in January and 24.1 0Qigugt respectively.
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25
207 Sendai
% 15 4
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104 e

Montreal
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Figure 19-3 Monthly mean
temperature and humidity

Figure 19-2 Location of the house

19.3 Outline of the detached house

Figure 19-4 shows the floor plan of the investigat®use. The detached house is a two-story wood
construction with the total floor area of 153.44r2s an all-electric house built in 1999. Theuwabf
equivalent leakage area per floor area is 0.93 m@2ivhile the value of heating transmission rate
calculated based on the design plans is 1.79 W/mBectric thermal storage heaters for space
heating, using midnight electricity, are instaliadhe living room and bedroom 1 with the capasitie
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of 6kW and 4kW respectively. Air conditioners fqrage cooling are also installed in the living room
and bedroom 1 with the capacities of 900W(COP:4a6(@) 705W(COP:3.12) respectively. Hot water
is supplied by electric water heaters using midnééctricity .

DA N1 ]

Lavato = -
s U e —
9 & i)
i . : = \‘\\ : Bed room 1
\ Living room E ® “

Kitche! Dining‘foom t Bedroom2 e E
v .l . O

L U 10010 . U

Figure 19-4 Floor plan of the detached house
194 Family members and occupants’ behavior

The total number of occupants is four, i.e. a ceupith two children. Table 19-1 shows occupant
(housewife) behaviour during weekdays, while Talfe2 shows all the domestic appliance used in
the house, and theirs capacities as well as ustogiéncy.

Table 19-1 Occupant behaviour (housewife, weeRdays

Action Place 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00
Outing Outdoor 11 [TTT17
Sleep Bedroom | |
Dining Living room | |
Face-wash Lavatory
Change of clothing Bedroom
Bath Bathroom
TV Living room
Reading Living room
Work/Study Living room
Culture lesson Living room
Sports Living room
Family dialogue Living room
Laundry Lavatory
Hang out washing Bed room 1
Clothes iron Living room
Cooking Kitchen H
Cleaning Living room etc. -
Action Place 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 0:00
Outing Outdoor T T11 TTTT7] _i
Sleer Bedroom u
Dining Living room
Face-wash Lavatory
Change of clothing Bedroom
s i o | ——
TV Living room | | |
Reading Living room
Work/Study Living room
Culture lesson Living room
Sports Living room
Family dialogue Living room
Laundry Lavatory
Hana out washinc Bed room 1 T 11 [
Clothes iron Living room H
Cooking Kitchen H H
Cleaning Living room etc. [TTT1
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Table 19-2 Equipment used in the detached house

195

Room Equipement Heat soufce Capdditi] p?\f\znf\% Using frequency

Videa electricity 1 0.€ every da

Cleane electricity [ 300~1001 0 almost every de¢

Living room Iron electricity 120(C 0 almost every de¢
Sterel electricity 47 12 every da
TV se electricity 194 0.29, 2: every da
Table lam| electricity 3C 0 every da

Microwave ovel | electricity 98C 0 almost every de
Rice cooke electricity 22t 0 every da
Kitchen Induction heatin | electricity 106t 0 every da
Range hood fe | electricity 45 0 every da
Electric pot electricity 98t 20, 2¢ every da
Lavatory Dryer _ electr@c@ty 70C 0 every da

Washing machir | electricity 22t 0 every other de
Bed room PC electricity 25 1.€ every da
Bed room : Table lam| electricity 3C 0 every da
Main Bed room Dustclotf - 0 0 every da

Investigated items and measurement systems

The investigated items are given in Table 19-3. s€héncluded energy consumption, thermal
environment, capacities of electrical applianced ancupants’ behaviour, etc. The measurements
were done with the time intervals of 1 minute arfs rhinutes for electricity consumption and
temperature. Figure 19-5 shows the place wherartbasuring instruments of energy consumption
were set up. White circles means using the wattretethe panel board measuring instrument and
white squares refers using an electric outlet méagunstrument. All the instruments were installed
in 23 places. The term ‘others’ of lighting & otkdncluded ventilation system, rice cooker, vacuum
cleaner, iron, electric coffee percolator, toasted telephone & FAX.

Table 19-3 Investigated items

Investigated Measurement items
Electricity [[Home energy consumption recording systdgth interval 1 minute
MeasurementTemperature § I
rglative Small sensor and data loggers with interval of lisutes

Life-style, energy saving consciousness, annualnre;
usage frequency and capacity of equipr
Family structure

Questionnaire

Interview
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Figure 19-5 Energy distribution system
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> Healthcare

} Space heating & air conditioning

19.6 Measured energy consumption and indoor environment
19.6.1 Annual and monthly energy consumption

The energy consumption is expressed by using teeggrconversion value for each heat source, as
shown in Table 19-4. Figure 19-6 shows the mondinig annual energy consumptions by the end use
from Nov. 2002 to Nov. 2003. The monthly energy suanption varied from 3.2 to 11.8 GJ/month.
The energy consumptions of space heating and hiatr wapply were higher in winter. On the other
hand, energy consumptions of audio & informationd &ealthcare were stable throughout the year.
The annual energy consumption was about 80GJ/Yerwater supply was the largest energy users,
which accounted for about 42% of the total annuadrgy consumption. Air-conditioning, which
accounted for about 37% of the total annual eneagpsumption, was the second largest energy user.
Energy consumptions of audio & information, headifecand lighting & others accounted for 2%, 2%
and 12.5% respectively.

Table 19-4 Energy conversion value
Heat sourc Conversion valu

Electricity 3.€ MJ/kwWr
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Figure 19-6 Monthly and annual energy consumptions
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19.6.2 Annual amount of CO2 emission

The amount of CO2 emission is expressed by usie@th2 equivalent value for each heat source, as
shown in Table 19-5. Figure 19-7 shows the annomaluat of CO2 emission from Nov. 2002 to Nov.
2003. The annual amount of CO2 emission was abagut-€02/Year. Hot water supply was the
largest CO2 emission, which accounted for about 4#%he total. Space heating/cooling, which
accounted for about 37% of the total, was the sgtanmgest CO2 emission. Amount of CO2 emission
of kitchen, audio & information, healthcare andchtiog & others accounted for 6%, 4%, 2% and 10%
respectively.

Table 19-5 CO2 equivalent value

Electiricity | 0.118

Bl Lighting & Others B Healthcare
O Audio visual & information Ed Kitchen
O Hot water supply B Space heating/cooling

NN

Dec02~Nov03 §
\

0 5 10
Amount of CO2 emission[t—-CO2/year]

Figure 19-7 Amount of CO2 emission
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19.6.3 Profiles of energy consumption, indoor and outdootemperatures during three days in
winter/summer

The profiles of energy consumption and temperaturéng three days in winter/summer are shown in
Figure 19-8. The peak energy consumptions of Spae¢éing and Hot water supply appeared in the
middle of the night, due to the usage of late nighgctricity. On the other hand, the energy
consumptions of Audio visual & information and Heahre did not change so much.
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***************** Others
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T
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_ @ Kitchen
Others °\ m Refrigerator
O Audio visual & information
B Healthcare
O Lighting & others

|
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W Healthcare
@ Lighting & oth(s
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Figure 19-8 Three days temperature and energywopsion profiles in winter and summer

19.7 Conclusion

In this investigation, the annual energy consunmpti@s about 80GJ/Year. Hot water supply was the
largest energy users, which accounted for about 42%e total annual energy consumption. Air-
conditioning, which accounted for about 37% of thial annual energy consumption, was the second
largest energy user. Reducing the energy consungptibhot water supply and space heating/cooling
will be very important to reduce the total energnsumption in future.

Acknowledgement: Authors would like to acknowledbe occupants to give us an opportunity for
measurement of indoor environment and energy uieedfiouse.
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20. JPN-02: Multi-storey residential building in Japan

20.1 Introduction

The main objectives of this investigation are, d)show an example of case study for residential
building, 2) to clarify actual conditions of theabenergy use and factors influencing energy tUike.
investigated apartment is a typical type of housiein Japan (cf. Figure 20-1) and it is situatectioe

6th floor of a 15-story multi-family building witenergy sources of electricity and city gas.

Figure 20-1 View of the apartment building

20.2 Location & Climatic conditions

Figure 20-2 shows the location of Fukushima in dag@gure 20-3 shows the monthly mean
temperatures and mean humidities in Fukushima, Mahaind Berlin. Fukushima is cold and snowy
in winter, but hot and humid in summer. The raignggason of Japan is from June to July. Minimum
and maximum temperatures are 1.4 0C in Januara2d0C in August respectively.

N\ ] |
m /Fukushlma
20 1
) g 159
& 2 101
_ 8 . O 0
Fukushima © _
-5 1 Berlin
210 Montreal
TS (&
@// VA ~r | -15 T T T T
50 60 70 80 90 100
Humidity (%RH'
Figure 20-2 Location of the building Figure 20Monthly mean

temperature and humidity

20.3 Outline of the apartment

Figure 20-4 shows the floor plan of the investigapartment. It is made of concrete and built i6®0
The floor area is 72.3 m2. The value of equivaleatkage area per floor area measured by the
pressurization method is 1.74 cm2/m2, while theigaf heating transmission rate calculated based
on the design plans is 2.47 W/m2K . Air conditianfar space heating and cooling are installedén th
living room and bedroom 1. The apartment uses gag for hot water supply and oven. The
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mechanical ventilation system with exhaust fam#adlled in all rooms. Additional exhaust fans are
furnished in the kitchen, the bathroom, washingmwpand toilet.

Balcony

Bedroom 2

Bed room1

~

Entrance

Store room

\Washing ddachin:

Balcony

Figure 20-4 Floor plan of the investigated apartine

20.4 Family members and occupants’ behavior

The total number of occupants is three, i.e. a lwith one child. Table 20-1 shows the occupant
(housewife) behaviour during weekdays, while Tat)e2 shows all the domestic appliances used in
the apartment and theirs capacities as well agdsguency.

Table 20-1 Occupant behavior(housewife, weekday)

Action Place 0:00 1:00 2:00 3:00 2:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00
Outing Outdoor |
Sleep Bedroom
Dining Living room
Face-wasl| Lavatory
Change of clothing Bedroom
Bath Bathroom
v Living room
Readinc Living room
Work/Study Living room _
Culture lesson Living room
Sports Living room
Family dialogue Living room
Laundry Lavatory
Hang out washin¢ Bedroom 1
Clothes iron Living room
Cooking Kitchen
Cleaning Living room etc.
Acfion Place 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 _ 21:00 22:00 23:00 0:00
Oufing Outdoor | 1]
Sleer Bedroom
Dining Living room
Face-wash Lavatory
Change of clothing Bedroom .
Bath Bathroom
v Living room
Readinc Living room
WorldStudy Living room |
Culture lessor Living room
Sports Living room
Family dialogue Living room
Laundry Lavatory
Hang out washing Bedroom 1
Clothes iron Living room
Cooking Kitchen m
Cleaning Living room etc.
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Table 20-2 Equipment used in the apartment

. Hea : Standb .
Room Equipement sourc: Capacity W] ol Using frequency
Videc electricity 15 0.¢ every da
Radic electricity 26 2 every da
Living room TV se electr?c?t) 147 0.1¢, 20 every da
Table lam| electricity 3C 0 every da
Cleane electricity] 25C~100( 0 almost every d¢
Iron electricity 120C 0 almost every d¢
Rice cooke electricity 22k 0 every da
Kitchen Microwave ovel gas 907( 0 every da
Electric pot electricity 98t 20, 29 every da
Tableware washing machij electricity 115C 0 summer and midd
Dryer electricity 45C 0 every da
Wash room Washing machir electricity 14C 0 every da
Clothes drye electricity 125(C 0 winter
Electric heate electricity 120(C 0.C winter
Bed room Table lam| electricity 3C 0 every da
Dustclott - 0 0 every da
20.5 Investigated items and measurement systems

The investigated items are given in Table 20-3. sEhénclude energy consumption, thermal
environment, electric capacity of domestic applemcand occupants’ behaviour, etc. The
measurements were done with the time intervalsrofriute, 5 minutes, and 15 minutes for electricity
consumption, gas consumption and temperature. &ig0r5 shows the energy distribution system
together with the locations where the measuringrungents of energy consumption were placed.
Black circles denotes that the wattmeter is insthih the electricity distribution panel, while gra
square refers to the wattmeter on an electric batld white triangle represents gas measure.

Table 20-3 Investigated items

Investigated Measurement items
Electricity [[Home energy consumption recording systdth interval 1 minute
Gas Digital camera signal data logger with intervabahinute:
Measuremer LI'emperature & .
relative Small sensor and data loggers with interval of lsutes

Life-style, energy saving consciousness, annuanre;
usage frequency and capacity of equipt
Interview Family structure

Questionnaire
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Figure 20-5 Energy distribution system

20.6 Measured energy consumption and indoor environment
20.6.1 Annual and monthly energy consumption

The energy consumption is expressed by using theggrconversion value for each heat source, as
shown in Table 20-4. Figure 20-6 shows the mondinigt annual energy consumptions by the end use
from Nov. 2002 to Nov. 2003. The monthly energysanption varied from 2.1 to 7.2 GJ/month. The
energy consumptions of space heating and hot watmly were higher in winter. On the other hand,
energy consumptions of audio & information and tresre were stable throughout the year. In
addition, energy consumption of lighting & othersrh November to January was higher than that of
the summer months, because the necessary lighgirigfluenced by different sunshine hours in
various seasons. The annual energy consumptioralag 59GJ/Year. Hot water supply and kitchen
were the largest energy user, which accounteddouta60% of the total annual energy consumption.
Air-conditioning, which accounted for about 20% thE total annual energy consumption, was the
second largest energy user. Energy consumptiomasidib & information, healthcare and lighting &
others accounted for 2%, 2% and 12.5% respectively.

Table 20-4 Energy conversion value

Heat sourc Conversion valu
Electricity 3.6 MJ/KWh
Gas4A~7C) 20.4 MJ/Nnf
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Figure 20-6 Monthly and annual energy consumptions

20.6.2 Annual amount of CO2 emission

The amount of CO2 emission is expressed by usie@th2 equivalent value for each heat source, as
shown in Table 20-5. Figure 20-7 shows the annomlumt of CO2 emission from Nov. 2002 to Nov.
2003. The annual amount of CO2 emission was abéut-@02/Year. Hot water supply and kitchen
were the largest CO2 emission, which accountedalbamut 45% of the total. Space heating/cooling,
which accounted for about 30% of the total, wasgbeond largest CO2 emission. Amount of CO2
emission of audio & information, healthcare andtigg & others accounted for 3%, 4% and 19%

respectively.

Table 20-5 CO2 eﬁuivalent value

Electiricity 0.118
City gas 0.0506
[ Lighting & Others M Healthcare

O Audio visual & information O Hot water supply/Kitchen
B Space heating/cooling

[ [
I I

0 1 2 3 4 5
Amount of CO2 emission[t-CO2/year]

Figure 20-7 Amount of CO2 emission
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20.6.3 Profiles of energy consumption, indoor and outdootemperatures during three days in
winter/summer

The profiles of energy consumption and temperaduréng three days in winter/summer are shown in
Figure 20-8. The peak energy consumptions of Haémsupply and Kitchen appeared in the morning

and evening. On the other hand, the energy consommif Audio visual & information and
Healthcare did not change so much.
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Figure 20-8 Three days temperature and energywopsion profiles in winter and summer

20.7 Conclusion

In this investigation, the annual energy consunmpticas about 59GJ/Year. Hot water supply and
kitchen were the largest energy user, which aceslfbr about 60% of the total annual energy
consumption. Air-conditioning, which accounted fabout 20% of the total annual energy
consumption, was the second largest energy useludie the energy consumptions of hot water
supply and space heating/cooling will be very int@ot to reduce the total energy consumption in
future.

Acknowledgement: Authors would like to acknowledfe occupants to give us an opportunity for
measurement of indoor environment and energy usigedfouse.
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