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Figure 2-69: Position of the radiators

Table 2-15: Characteristics of the radiators in tm@nitored rooms

Height
Id Elements Columns
[mm]
a 12 4 600
b 10 4 600
c 6 4 600
d 14 4 600
e 8 4 600
f 8 4 600
g 10 4 600
h 10 4 600
i 3 840
I 4 600
m 3 840
n 13 4 600
0 13 4 600
p 10 3 840
q 10 3 840
r 4 3 840
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Building use

The building office is occupied from 9 to 18 h digriweekdays. The internal heat sources are 15
W/m? and the infiltration is fixed to 0.7’h A natural ventilation rate is scheduled with anial rate

of 3 h'. The shading device is scheduled with a solapsgtt of 120 W/m.

Monitoring
The following quantities were monitored:
» external temperature
» external relative humidity
« external CQconcentration
* internal temperature
* internal relative humidity
* internal CQ concentration
» thermal energy delivered to the system

The environmental monitoring has been carried atit by means of wireless sensors and by means
of traditional data-loggers.
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Figure 2-70: Identification of the rooms

Hereafter are reported, for each room, the geooattiéatures, the occupancy schedule and the type
of climatic control.

Table 2-16: Occupancy characteristics of the mapilaooms
[ Room | Occupancy schedule |  Equipment | Notes
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1 person from Monday

1 to Friday — time 8-14 1Prci:r;ter
and 15-18 P
2 persons f“’m Monda 2 PCs, The doors of separation of room 2 from room 3 jare
2 to Friday — time 814 , . ors open for most of the occupancy period
and 15-18 P P pancy p
. . . The doors of separation of room 2 from room 3 fare
3 Occasionally occupied 2 printers .
open for most of the occupancy period
. . . The doors of separation of room 4 from room 9 jare
4 Occasionally occupied No equipment .
open for most of the occupancy period
2 persons from Monda:
5 to Friday — time 8-14 gpr(i:ns?ers
and 15-18 P
1 small refrigerator,
1 microwave oven,
1 automatic ba
6 See notes mach|n<_e, . Bathrooms and service room
1 distributor of
beverages,
1 boiler for DHW
production
1 person from Monday
7 to Friday — time 8-14 gprci:nst’ers
and 15-18 P
8 Occasionally occupied No equipment

1.7.5 Method/Methods applied for the data analysis

The method for data analysis includes two steps:

» simplified analysis based on a simplified inversadel;

» calibration of the numerical detailed model.
The first step applies linear regression based eekly and daily data for determining correlations
between heating energy need and average extempktature. Such regression allows to determine
the total heat loss coefficient and the influenteatar and internal heat gains.
By knowing solar radiation data and occupancy salesd it is also possible to split the effects abs
gains and internal gains.
Besides, the analysis of internal temperature dho@ to thermostat set-back or switch-off of the
heating plant allows to determine the effectiveriied capacity of the building.
In the second step the numerical model has bedrrata@d by comparing both expected energy need
and the real measured consumption, and the expecikdeal aggregated parameters springing up
from the first analysis.
The aim is to built a data-driven model and to eatd energy saving. The construction of inverse
models is based on the following assumptions:

» Dependent variables: energy consumption for heatimdycooling, obtained with the detailed

simulation tool EnergyPlus;
* Independent variables: external air temperaturesahdir temperature.

The procedure of inverse model construction is hasethe least-squares regression method (Kissock
et al. 2003). This approach estimates model coeffis,3, that minimize the sum of the squared error,
E, between predictecf',, and actual observations, Y, following this eqoiati

Y=X-B+E 1)

The root mean squared error, RMSE, is to be mizediicomputed as:
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RMSE= M 2)
(n-p)

wheren is the number of data observatiopss the number of regression coefficients. The mean
squared error of the model is a measure of théesaaftthe data around the model.
The second task is to evaluate the energy savoilgsving the realization of several retrofit act®on
In the case-study, data driven approach is cawigdwith simulated data because as measurement
operation is still on progress.
The method is based on the following steps:

» Assessment of energy consumption for heating awtingpin day time intervals during the

pre and post retrofit periods using the dynami¢ EowrgyPlus;
e Construction of data-driven models;
e Calculation of the energy saving for each retradition.

Simulation

The energy evaluation of the building is carried with EnergyPlus dynamic tool for six different
combinations of climate data and building data attaristics: (i) pre-retrofit simulation performed
with climate and building data in the pre-retr@fériod (ii-v) post-retrofit simulations with climatand
building data in the post-retrofit period and (fi)al simulation with post-retrofit climate datadn
pre-retrofit building data. The pre and post-rétralimatic data have been modelled with two
different cities in the same climatic zone.

Table 2-17: Description of Retrofitting actions

Retrofitting actions Energy aspect Load characiion | Force driven

Infiltration reduction

9 Heat ventilation losses Instantaneous load Exteemaperature
Qpre-relro: 0.7h
onst-retro: 0.2 h
Decreasing window solar
transmittance
Heat sources Delay load Solar irradiation

SHGGyre-retro= 0.74
SHC':‘C';Jost-retro= 0.39

Adding external envelope insulation
External temperature and

Heat transmission losses Delay load . L
solar irradiation

Uogare-retro: 0.89 W/I'ﬁK
Uoppost-retro: 0.28 W/niK

Double window with argon gas filling

L Quasi-instantaneous
Heat transmission losses
UWyre retro = 3.15 W/mMK load

UWpostretro= 2.55 W/MK

External temperature

1.7.6 Results

A better understanding of the building heat balasweé of the influence of users have been achieved
by combining an inverse analysis based on energyeavironmental monitoring and a calibrated
direct tailored modeling.
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A few aggregated parameters have been definedstride the building thermal behavior: global heat
transfer coefficient, thermal capacity, solar dffecarea, user parameters.

Table 2-18 shows the regressions coefficients amgkbntainty parameters of the data driven model
using the (2-P), (3-P), (4-P) and (5-P) modelglierheating and cooling mode and respectively using
sol-air temperature and air temperature as indepgndariables. Generally speaking, the squared
correlation coefficient,R, has a good value (more than 0.6). It can be nthed the dry air
temperature is more appropriate than the sol-aipézature in the case of cooling data driven model.
At the opposite, the sol-air temperature is morigble during the heating mode. Besides, table IV
illustrates that the balance temperatugg fas a low value: in the heating mode around 12.&r7d in

the cooling mode around 20°C, this is due to the fae conditioning system runs in intermittent
mode.

Table 2-18: Uncertainty parameters and regressioefficients for models analyzed
Independent Model Uncertainty Parameters Regression coefficients
variable
R | RMSE | CV-RMSE|— 2 s da | s
[kwh] [kwh/°C] [°C] | [kWh]
© = 2P |0.646 10.839 | 42.71% |-167.88 4.15
= § 3PC |0.648 10.809 | 42.60% | 3.32 4.30 23.76 [°C]
g © 4P |0.657| 10.758 | 42.39% | 34.01 4.89 2.39 [kWh/°C] |30.14
5 = 2P | 0.678 16.201 | 32.83% | 160.64 -4.40
'c_?s ‘53 3PH |0.701] 15.592 | 31.60% | 6.53 -5.15 15.56 [°C]
? T 4P | 0.702 15.65 31.72% | 14.27 -5.31 -1.33 [kWh/°C]|13.78
5P | 0.744 4.061 34.60% | 4.76 -5.31 3.87 [kWh/°C]|15.56 23.33
g = 2P |0.784 8.473 | 33.39% [-224.41 6.29
< S 3PC |0.829 7.537 | 29.71% | 5.09 7.88 19.71 [°C]
qéi © 4P | 0.83| 7.566 | 29.82% | 6.72 1.07 7.87 [kWh/°C] |19.91
ﬁ 2 2P | 0.634 17.263 | 34.99% | 173.73 -5.44
Fi © 3PH |0.642 17.067 | 34.59% | 5.71 -5.80 12.56 [°C]
Dé T 4P | 0.642 17.146 | 34.75% | 7.51 -5.81 -0.65 [KWh/°C]|12.22
5P |0.733 14.372 | 35.36% | 3.21 -5.79 7.19 [kWh/°C]|13.01 19.05

In figures 2-71, 2-72, 2-73 the building energy deéor heating and for cooling are presented as a
function of the driving forces T andas well as the fit by baseline equation for trgression model
analyzed.
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Figure 2-71: Left: Building cooling energy needafunction of dry-bulb air temperature and fit by
baseline equation (3Pc) Right: Simulated vs predicbuilding cooling energy need over the pre-
retrofit period.
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Figure 2-72: Left: Building heating energy needaafsinction of soil-air temperature and fit by
baseline equation (3Ph) Right: Simulated vs predidiuilding heating energy need over the pre-
retrofit period.
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1.8 Experience 7. Evaluation of a Low Energy Multifamily building in Vienna, Austria
(Synthetic contribution)

(Thomas Bednar, Kerstin Seif, Naomi Morishita. WienUniversity of Technology)

1.8.1  Subject of the Work

Three Austrian apartment buildings (Kammelweg Dendiorfergasse, Dreherstral3e) studied at a high
level of detail, Level C, complex, according to tBd_evel Database” definition.

1.8.2 Aim of the Work

The aims of this research are:
* to determine an accurate profile of the currenicigipAustrian household considering direct
and indirect influences on user behavior and endegyand,;
» to verify if the profile of a single average houskhis satisfactorily accurate to represent the
energy-related behavior of the Austrian population;
* to see how energy-related user behavior has changedime;
» to establish what the most essential influencerarenergy-related user behavior.

1.8.3 Database Characteristics

Two groups of data are to be generated for thebdata building geometries and qualities and
occupancies and lifestyles.
The database contains the results of a regressialysis of key influencers of energy-related user
behaviors. The parameters representing the rangeosdible user behaviors are selected for the
database using the results of previous researchtl behavior trends, and five building energy
efficiency groups:

» Existing buildings

* Low Energy buildings

» Low Energy buildings with renewable energy systéR\é panels, solar hot water panels, etc.)

e Passive House buildings

* Plus Energy buildings

The case study apartment buildings located in iffeparts of Vienna are used as the basis for the
scenario combinations. The apartment buildingsaasdyzed in detail at Level C, complex.

The interplay of both groups of parameters are éoetbusing random regression analyses to form a
library of potential combinations of building stamd, occupancy, and lifestyle.

1.8.4  Data Analysis Methodology

The first group of data will be comprised of thelting performance characteristics of five building
efficiencies as listed above.

The second group of data will be based upon tleealiire research, where parameters influencing
energy-related behaviors will be identified and-sabegorized. The dominant occupancy schedules
will also be included in this portion of the databa
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The two data groups will be combined using regogssinalysis to establish a series of user profiles,
and compared to determine if a dominant profileltes

The dominant parameters, as determined by the sgigre analyses, will then be used as the input
parameters for whole building simulation modelshaf apartment buildings.

1.8.5 Expected Results

The dominant characteristics of energy-related hebavior will be graphically compared to ascertain
if a single profile dominates each building typolodf a consistent profile dominates all typologies
this profile can be defined as an accurate usdilgfor the typical Austrian household to be used
the standard profile for energy certificate caltiolas and whole building simulations.
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1.9 Experience 8: Development of statistical analysisof total energy use in individual
buildings (Synthetic contribution)

(Thomas Bednar, Kerstin Seif, Naomi Morishita. WienUniversity of Technology)

1.9.1  Subject of the Work

Eight Austrian single family homes between 100 n@ 3220 m? studied at a high level of detail, Level
C, complex, according to the “3 Level Databaselrdgén.

1.9.2 Aim of the Work

The aims of this research are,

to determine an accurate profile of the currenicglpAustrian household considering direct and
indirect influences on user behavior and energyatem

to verify if the profile of a single average houslkehis satisfactorily accurate to represent thegne
related behavior of the Austrian population;

to see how energy-related user behavior has changedime;

to establish what the most essential influencezarenergy-related user behavior.

1.9.3 Database Characteristics

Two groups of data are to be generated for thebdata
» building geometries and qualities
» occupancies and lifestyles.

The database contains the results of a regressialysis of key influencers of energy-related user
behaviours. The parameters representing the rahg®essible user behaviors are selected for the
database using the results of previous researchtlm behavior trends, and five building energy
efficiency groups:

» Existing buildings

* Low Energy buildings

» Low Energy buildings with renewable energy systéR\é panels, solar hot water panels, etc.)

» Passive House buildings

* Plus Energy buildings

Eight case study single family homes located ifed#nt parts of Austria are used as the basishir t
scenario combinations. The homes are analyzedt#il déLevel C, complex.

The interplay of both groups of parameters are é¢oatbusing random regression analyses to form a
library of potential combinations of building stamd, occupancy, and lifestyle.

1.9.4  Data Analysis Methodology

The first group of data will be comprised of thdltng performance characteristics of five building
efficiencies as listed above.
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The second group of data will be based upon tleealiire research, where parameters influencing
energy-related behaviors will be identified and-sategorized. The dominant occupancy schedules
will also be included in this portion of the databa

The two data groups will be combined using regogssinalysis to establish a series of user profiles,
and compared to determine if a dominant profileltes

The dominant parameters, as determined by the sgigre analyses, will then be used as the input
parameters for whole building simulation modelshaf eight homes.

1.9.5 Expected Results

The dominant characteristics of energy-related hebavior will be graphically compared to ascertain
if a single profile dominates each building constian typology. If a consistent profile dominatds a
typologies, this profile can be defined as an aateunser profile for the typical Austrian househiald
be used as the standard profile for energy ceatdicalculations and whole building simulations.
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1.10 Experience 9: Development of statistical analysisof total energy use in small office
buildings (Synthetic contribution)

(Thomas Bednar, Kerstin Seif, Naomi Morishita. WienUniversity of Technology)

1.10.1 Subject of the Work

Two small Austrian office buildings (GetreidemarBtl Melk) studied at a high level of detail, Level
C, complex, according to the “3 Level Databaseirdgén.

1.10.2 Aim of the Work

The aims of this research are,

to determine an accurate profile of the currentcgipAustrian office worker considering direct and
indirect influences on user behavior and energyahemn

to verify if the profile of a single average office satisfactorily accurate to represent the energy
related behavior of the Austrian population;

to see how energy-related user behavior has changedime;

to establish what the most essential influencezarenergy-related user behavior.

1.10.3 Database Characteristics

Two groups of data are to be generated for thebdata building geometries and qualities and users
and lifestyles.

The database contains the results of a regressialysis of key influencers of energy-related user
behaviours. The parameters representing the rahg®ssible user behaviors are selected for the
database using the results of previous researchtl behavior trends, and five building energy
efficiency groups:

» Existing buildings

* Low Energy buildings

» Low Energy buildings with renewable energy systéR\é panels, solar hot water panels, etc.)

e Passive House buildings

* Plus Energy buildings

Two case study office buildings located in diffargrarts of Austria are used as the basis for the
scenario combinations. The buildings are analysetetail at Level C, complex.
The interplay of both groups of parameters are éoetbusing random regression analyses to form a
library of potential combinations of building stamd, occupancy, and lifestyle.

1.10.4 Data Analysis Methodology

The first group of data will be comprised of thelting performance characteristics of five building
efficiencies as listed above.

The second group of data will be based upon tleealiire research, where parameters influencing
energy-related behaviours will be identified ant-sategorized. The dominant occupancy schedules
will also be included in this portion of the databa

152



The two data groups will be combined using regogssinalysis to establish a series of user profiles,
and compared to determine if a dominant profileltes

The dominant parameters, as determined by the sgigre analyses, will then be used as the input
parameters for whole building simulation models.

1.10.5 Expected Results

The dominant characteristics of energy-related bhebavior will be graphically compared to ascertain
if a single profile dominates each building typolodf a consistent profile dominates all typologies
this profile can be defined as an accurate usdiig@for the typical Austrian office building to hesed

as the standard profile for energy certificate wlaitons and whole building simulations.
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2. Statistical analysis of large building stock

2.1 Introduction

Statistical analysis of a large buildings stock respnt methods used to estimate the energy
consumption and/or the peak demand of a building &vel of detail that is suited to apply to a
number of buildings that is statistical significdnsually more than tens of buildings). The pritheipf

the approach is to project the experimental data basis. The methods depend on the type of basis:
its dimension and its components.

One type of projection is on categories (Experisnte2, 3, 4, 5, 6). For example, Hu and Yoshino
(Experience 4) consider the climate zones, the a@frélae building, the type of the heating systerd an
its operation, as well as the number of peoplenatiousehold and their annual income. In another
study, Yoshino (Experience 5) considers, besidhes dategories mentioned before, the weather,
indicated by the cooling and heating degree dagsthe indoor temperature during the heating and
the cooling season. The model resultes are regressodels in different variants: multi regression,
neural networks, quantification methods (Experisnte2, 5).

Categorizing reduces the variance of the predictsdlts. The physical explanation of the result is
embedded in the categories. Usually, these appesadb not differentiate between the inputs (e.g.
weather), the parameters (e.g. floor area, totat hess coefficient) and the outputs (e.g. inddor a
temperature) of a physical (or direct) model. Tésuits indicate the influence of each categoryrgive
by the weighting coefficient in the model.

This kind of approach, which uses less data (ihtfae data available), is very effective in praetitt
allows the prediction of energy consumption withexpected variance for real buildings by using
data which are available mainly on monthly andfurual bills.

Comparison between categories needs a criteriochwhiiormalizes” the consumption in order to
negate the effect of parameters specific to a gingltling. For example, Corgnati et al. (Experienc
6) propose and demonstrate the application of dicator that normalizes the data as a functiormef t
heated volume and the climate, described by theedednys of the site.

The second class of projection is on parametephg$ical models. The main idea in this approach is
to consider a physical model based on heat balandédo identify the parameters of this model which
increase the fit between the predicted results #wed measurements. One of the most common
approaches is to use the load curve, which expeidse dependence of the heating (or cooling)
consumption on the outdoor temperature. This “tlaérsignature” of the building can be used
together with the distribution of degree-days ogrde-hours in order to estimate the energy
consumption (e.g. the bin method). Basically, thiéding signature is obtained by regression. Robust
regression may be used to improve the predictionase of perturbation such as the usage of the
building (Experience 7). The advantage of thisrapph is that the thermal behavior of the building,
the comfort and the climate are decoupled.

A variant of this method is to use the free-runniamperature, which allows the estimation of the
energy savings for cooling by using free-coolingvieytilation (Experience 8).

Refinements of the thermal signature or the loadveeunethod are proposed (Experiences 8, 9).
Ghiaus (Experience 8) demonstrated the equivaleerteeen the load curve and the free running
temperature. By using the free-running temperatire , whole range of building operation (heating,
ventilation and cooling) is described by a singlaaept.

Normally, thermal signature is a static method. ldeer, the heat balance may be written taking in
account the accumulation. By doing so, Danov etEdperience 7) obtained a dynamic model which
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can estimate the influence of the thermal mask@btiilding on the energy consumption. Solar gains
may be also included in the thermal signature, cigdu the variance of the energy estimation
(Experience 7).

References (contributions to the Annex 53)

Extended contribution

Experience 1: Sawako Nakamura, Hiroshi Yoshino, kbyMiura. Statistical analysis for energy
consumption of office buildings in Japan

Experience 2: Sawako Nakamura, Hiroshi Yoshino, kbydiura. Statistical analysis for energy
consumption in residential buildings in Sendai

Experience 3: Hiroshi Yoshino, Ayako Miura. Survafythe peak electricity in residential buildings
(see Experience 1 in Individual Buildings for disia

Experience 4: Tianchi Hu, Hiroshi Yoshino. Stagiatianalysis on energy consumption of residential
buildings in China

Experience 5: Hiroshi Yoshino. Field Survey andiStigal Analyses on Energy Consumptions in the
Residential Buildings in Japan

Experience 6: Stefano Paolo Corgnati, Federica ulloa Marco Filippi. Heating consumption
assessment and forecast of existing buildings:sitiyation on Italian school buildings

Experience 7: Stoyan Danov, Jordi Carbonell, J8rgriano. Building energy performance evaluation
using daily consumption data

Synthetic contributions

Experience 8: Cristian Ghiaus. Experimental esiionabf building energy performance by robust

regression

Experience 9: Cristian Ghiaus. Equivalence betwberload curve and the free-running temperature
in energy estimating methods

Experience 10: Zhun Yu, Fariborz Haghighat. Minldglden Patterns from Real Measured Data to
Improve Building Energy Performance
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2.2 Experience 1. Statistical analysis for energy consaption of office buildings in Japan

(Sawako Nakamura, Hiroshi Yoshino, Ayako Miura)

2.2.1 Introduction

A detailed database is important for an effectiveasure to reduce GQCemissions from non-
residential building sector. Therefore, a natiomgbe project DECC (Data-base for Energy
Consumption of Commercial Buildings) was founded 2@07. The goal of the project was to
understand the actual conditions for energy consiommf non-residential buildings in Japan. This
report is authored corresponding to Reference[1].

2.2.2  Aim of the analysis

Goals of the survey are:

Understanding basic information and introductiorioérgy-saving measures of buildings
Understanding the average energy consumption peofutoor area by building usage.

In order to identify the influential factor on tle@mergy consumption, the multiple regression anslysi
was done.

2.2.3 Database characteristics

Number of buildings: 1128 office buildings(distriled in 8 different districts)

Period: April 1st, 2007 to March 31st, 2008

Questionnaire survey

Contents: Building information including locatiofipor area, annual energy consumption data, and
energy saving measures.

Online database: unavailable

2.2.4 Research method

Questionnaire survey

Questionnaire survey was carried out in office dinis located in eight districts in Japan. The surv
was conducted from April 1st, 2007 to March 31§02 The questionnaire sheets ware sent to the
building owners or building managements. Investigatcontents are shown in Table 2-19.
Questionnaire has 2 parts: building characteriatid energy consumption. Figure 2-74 shows the
number of the valid data by district. We obtain@@8 valid data in Japan.
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Table 19: Investigation contents

Location,floor area,building area,parking areagstmompleted

Building characteristic . o :
g year,office hours,airconditioning period, etc...

Annual/monthly consumptions for electricity, citysgaP G(Liquefied
Energy Consumption |Petroleum Gas),heavy oil,kerosene, DHC (District iHgatnd
Cooling) and others

Hokushinetu 41 __/Hokkaido

Kansai n 30
170 3 \_Tohoku
. 185
Chugoku/Shikoku
147 Kanto

Kyusyu

131
3 Figure 74: Valid data

2.25 Results

Building information

Figure 2-75 shows building scales. In Kanto, lasgale buildings (more than 10008)raccounted for
about 60%, since there were lots of high-rise lingld in Tokyo area. On the other hand, in Tohoku
and Chugoku/Shikoku, percentage of small scaledimgis (up to 2000 fy was high. Figure 2-76
explains combination of energy sources. The contieinaof electricity and city gas were the most
common energy source in Japan. While in Hokkaidb Bohoku, the percentage of buildings using oil
such as kerosene, heavy oil were relatively hidie feasonable explanation could be that they have
long and cold winters, so oil was more practicavéoused.

m~1,000m" [ 1,000~2,000m" m 2,000~3,000rT 3,000~6,000m"
6,000~10,000m" K 10,000~30,000m* [@30,000m"~
0% 20% 40% 60% 80% 100%
Il

Total
Hokkaido [ S

Tohoku [ .
Hokushinetu o] N

Kanto J-TNREENEERY 1B

Chubu LR

Kansai JTEEEESERENNNNNEERRY (i
Chugoku * Shikoku - R TN

Kyushu ] AT H

Figure 75: Building scales
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Figure 2-76: Energy source

Operation of heating and cooling

Figure 2-77 illustrates the cooling period. In Haldo and Tohoku, cooling period were shorter than
the others. Some of the buildings in other regiaese using cooling systems throughout the whole
year. In Kanto, cooling period was the longest, Kamto is not located in southern part in Japare Th
explanation could be that there are many largeesébaiildings with many workers and office
equipment such as computers and photocopiers,adahb office temperature tends to rise due to
internal heat gain. Figure 2-78 shows heating peobeach region. Generally in Japan most of the
buildings used heating system from December to Ma#eating periods of the buildings in Hokkaido
were the longest which is from November to April.
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Figure 2-77: Cooling period
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Figure 2-78: Heating period

Energy consumption

Figure 2-79 shows the relations between annual gssinenergy consumption and floor area. The
correlation between energy consumption and floeaavas strong. Figure 2-80 shows annual energy
consumption per square meter by region. The avesb@mergy consumption per square meter was
1738[MJ/ mi]. In Kanto, annual primary energy consumption gguare meter was higher than the
others. On the other hand, in Tohoku and Hokushjnetvas lower.
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Figure 80: Annual energy consumption per squaresmet

Multiple regression analysis

In order to understand the influential factors whidetermine the energy consumption, multiple
regression analysis was carried out by SPSS gtati8t In this analysis, backward selection method
was used. By using this method, influential factesigh low impact were removed. Annual total
energy consumption and annual energy consumptiornsqueare meter were set as the dependent
variable. Some factors such as floor area, complg®ars, cooling period, heating period were
selected as independent variables. To avoid mllitiearity, storey and cooling degree day were not
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used. Table 2-20 shows result of multiple regressinalysis for total energy consumption. The
coefficient of determination was 0.843. Coolingipér density of users, weekly business hours and
completed years were removed by backward seleatiethod. The standardized partial coefficient of
floor area was 0.901. For total energy consumpfiooy area was the largest impact factor. Table 2-
21 shows the result of multiple regression analy@isenergy consumption per square meter. The
coefficient of determination was 0.255. Completeghrg and heating period were removed by
backward selection method. Cooling period (0.264)sity of users (0.194), floor area (0.143) were
relatively high in standardized partial regressawefficient. These factors have certain effect on
energy consumption per square meter. If you lookesting degree day, you can find the partial
regression coefficient have a minus sign. It metlrad energy consumption in building which is

located in region with cold winter is smaller ththat in other regions.

Table 2-20: Result of multiple regression analysrstotal energy consumption

. . |Standardized
. . Partial regressiop . .
Independent variables |  Unit " partial regressionP-value
coefficient -
coefficien

Floor are: m 2.38¢ 0.90] 0.00(
Heating perio days/yea 154.19( 0.07: 0.00c¢
Heating degree d: °C-day -5.74: -0.04: 0.00¢
Cooling periot days/yea - - -

Density of uset person/r’ - - -

Weekly business hot _[hours/wee - - -
Completed yea Yeal - - -
Constar - -15532.66 0.001

Table 2-21: Result of multiple regression analysrsenergy consumption per square meter

Partial ._|Standardized
Independent variables |  Unit ar |§ _regressm 1partial regressionP-value

coefficient -

coefficien

Cooling periot dayslyes 2.78¢ 0.26¢ 0.00¢
Density of usel person/r’ 6631.33! 0.19¢ 0.00c¢
Floor are: m’ 0.00¢ 0.14¢ 0.00¢
Weekly business hot __|hours/wee 3.28( 0.11¢ 0.00¢
Heating dearee di °‘C-day -0.08% -0.06¢ 0.04:
Completed vea Yeal - - -
Heating perio days/yes - - -
Constar - 914.07: 0.00(¢

2.2.6 Conclusions

In this study, the outline of Data-base for Ene@pnsumption of Commercial Building was shown.
In order to understand the actual usage conditiaffize building, the investigation was held inGg)
where 1128 valid data were obtained. In Kanto, iogoperiod was longer than the others, because
there were many buildings with more internal heatf high density of workers in theffihe national
averages of the annual primary energy consumpt@nspuare meter was 1738[MJ/mYear]. In
Kanto, the average annual energy consumption pgaregmeter was higher than the other regions.
The explanation could be that there are many higghsuildings with many carrier devices and long
cooling period. On multiple regression analysis fotal energy consumption, the coefficient of
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determination was high, because total energy copsam and floor area have a strong linear
relationship. On the other hand, on multiple regjms analysis for energy consumption per square
meter, the coefficient of determination for was sothigh. However, cooling period, density of users
and floor area have some effects on energy consomper square meter. From the results, it's
important to reduce internal heat load for enegirg in office buildings.
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2.3 Experience 2: Statistical analysis for energy consaption of residential buildings in
Sendai

(Sawako Nakamura, Hiroshi Yoshino, Ayako Miura)

2.3.1 Introduction and aim of the analysis

The energy consumption of residential sector hasnbiacreasing significantly. Therefore, it is
necessary to analyze how much energy is used bipugarsources in order to reduce energy
consumption in residential buildings. In this studyestionnaire survey has been distributed tafglar
actual pattern of yearly energy consumption in @enflendai is one of the cities in Tohoku region.
Regarding climate condition, Sendai is cold andwsno winter, but is hot with high humidity in
summer.

Quantification method 1 was conducted based omehdts of the measurements, so as to find out the
influential factors on residential energy consuimpsiin Sendai city.

This report was authored corresponding to a papéfiR

2.3.2 Database characteristics

-Number of buildings: 1274 houses

-Period: October, 2007 to March, 2009

- Questionnaire survey

-Contents: number of household, floor area, enemysumptions, housing structure, lifestyles and
energy saving consciousness and so on.

-Online database: unavailable

2.3.3 Method

In order to understand the influential factors whaetermine the energy consumption, quantification
method 1 was carried out by SPSS statistic 18. ication method 1 analyzes qualitative factors.
Annual energy consumption for cooling, heating dmd water supply were set as the dependent
variable one by one. Some factors such as humbkowdehold, floor area, completed years, house
type, and occupant behavior were selected as indepé variables.

2.3.4 Results

Figure 2-81 shows the basic information of the lkebotds. In terms of house type, detached houses
accounted for about 57% of the total houses andrapat houses accounted for about 43%. As for
detached houses, wood construction accounted ft&0% of the total. As for apartment houses,
RC (reinforced concrete) was the most common coctsbn, which accounted for about 70%, on the
other hand, wood construction accounted for abd% bf the total. The average floor area of a
detached house was 131.1 amd that of an apartment house was 55.9Tine average of number of
family members was about 2.7 people.

Figure 2-82 shows the frequency distribution of ttweal energy consumption. The energy
consumption was converted by using the energy asiore value for each heat source, which are
Electricity:3.6MJ/kWh, City gas:45.0MJFr,n LPG:100.5MJ/my Kerosene:36.7MJ/l. The annual
average energy consumption was 40.8GJ/househdddthenstandard deviation was 27.7GJ. In this
investigation, since the response came from mangskof families and houses, energy consumption
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varied greatly between each household. There aygbaks, the first peak around 15 GJ/household is
mostly from single-person households and the sepeaf around 30GJ/household is mainly from the
households with two or more people.

175m2~
150~175m?

0~25m?

(steel) \ Detached house More than 6
(wood)

Number of buildings

0 20 40 60 80 100 120 140 160 180 200

Annual energy consumption (GJ/Yr)

Detached house Detached house
0,
(others) 3% (steel)

Figure 2-81: Basic information of the households Figure 2-82: Annual to.tal. energy consumption of all
buildings

Figure 2-83 shows energy consumption according hi® house type. Average annual energy
consumption of a detached house and an apartmergehare 57.0GJ and 27.3GJ, respectively.
Normally, detached houses have larger floor araa #partment houses, and there is also greater heat
loss. Therefore, energy consumption of a detacledéis considered to be bigger than an apartment
house. It can be found that kerosene consumpti@dsgtached house is much bigger than that of an
apartment house. This also points to the possilitiat the ownership ratio of the heating apparatus
using kerosene is higher in detached houses.

Figure 2-84 shows energy consumption accordinghé rtumber of occupants. In the figure, DH
means detached house, AH means apartment housah@antumber after DH or AH means the
number of occupants. Energy consumption increase¢seanumber of family members increases. As
for energy consumption per person, energy consomgénds to decrease as the number of family
members increases. However, single-person houseleolisume less energy because the occupants
go out for a long time, and they tend not to fikk tbathtub with hot water, but only use the shower.
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Figure 2-83: Energy consumption by house type FEdiB84: Energy consumption by number of
occupants

Figure 2-85 shows the boxplot of energy consumptimreach end use. The annual average energy
consumption for hot water supply was 15.2GJ/housklspace heating was 12.5GJ/household, space
cooling was 0.3GJ/household and other was 13.8@gémmld. The highest energy consumption came
from hot water and space heating required the skowst amount of energy. Energy consumption of
space heating varies greatly compared to the cagsgthot water supply” and “other”. This may be
because the airtightness and insulation of the enmftuence the consumption, in addition to space
heating usage condition. The energy consumptiorsface cooling was much smaller than those of
hot water supply and space heating.
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Figure 2-85: Energy consumption for each end use

Figure 2-86 shows the relationship between the ggneonsumption of space heating and usage
condition of air-conditioner. The energy consumptiof space heating increases as the utilization
frequency of the air-conditioner is higher, andwvés low when the air-conditioner is turned off
frequently.
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Figure 2-86: Relationship between energy
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Figure 2-87: Relationship between energy
consumption of space heating and clothes

Figure 2-87 shows the relationship between eneoggumption and clothes. When occupants always
wear many layers, energy consumption of spacenrweatas small, however, when occupants always
wear less clothes, energy consumption was higher.

Figure 2-88 shows the relationship between eneogygumption of space cooling and the utilization
frequency of the air-conditioner. When the numbledays that space cooling is used increases, the
energy consumption also increases.

Figure 2-89 shows the relationship between the ggneonsumption of space cooling and usage
condition of air-conditioner. The energy consumptaf space cooling directly correlates with the
utilization frequency of the air-conditioner, afmbtefore the energy consumption resulting from epac
cooling was low when the air-conditioner is turrmgtifrequently.
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Figure 2-90: Relationship between energy Figure 2-91: Relationship between energy
consumption of hot water supply and energy saving consumption of hot water supply and additional
action taking shower heating of bath water

Figure 2-90 shows the relationship between theggneonsumption for hot water supply and saving
water when taking shower. When occupants try te seater, energy consumption of hot water supply
tends to decrease, and when occupants use avatterf, energy consumption increases.

Figure 2-91 shows the relationship between eneoggumption for hot water supply and additional
heating of bath water. As the frequency of addaldmeating increases, energy consumption clearly
increases. If the occupants do not fill bathtulbhvibt water, energy consumption of hot water islsma
If the occupants use an automatic control to settéimperature of the hot water in the bath, energy
consumption of hot water is especially high. Thergg consumption of space heating is set as
dependent variable.

Figure 2-92 shows the category weight of each itérenergy consumption for space heating. The
coefficient is 0.436 and the constant is -1.74. fibese type and the number of occupants have large
impacts on space heating. In detached housesetiragier area is much larger than that of apartment
houses, so heat loss and energy consumption drénlgbter. Moreover, the earlier the house was built
the higher the energy consumption. One reasonatptaration could be that the quality of the
insulation and airtightness in old houses are ovenergy consumption is higher. As for the usage
condition of space heating, the household that arely “Often keep on” and “Always keep on”
consumed high amounts of energy. Furthermore, & dtcupants wear many layers, energy
consumption is lower than others. From these rgsattergy consumption can be reduced by certain
occupant behaviors.

Energy consumption of space cooling is set as artgmt variable. Here, since a question is asked
about air-conditioner (except for an electric fargage, the household that do not use an air-
conditioner are removed from analysis. Figure ZB8ws the regression coefficient. The coefficient
of determination is 0.120 and the constant is Q.08% utilization frequency and the number of
occupants have a large impact on energy consumpticaddition, the energy consumption of space
cooling increases as number of occupants incredd@®over, energy consumption increases as the
number of days an air-conditioner is used increashs year built and turning off air-conditioner
frequently do not influence energy consumption. €hergy consumption of hot water supply is set as
a dependent variable.

Figure 2-94 shows the regression coefficient. Toeffecient is 0.396 and the constant is -1.9. The
number of occupants has a high influence on eneomsumed by the hot water supply. Energy
consumption of hot water supply clearly increaseshamber of occupants increases. The second
largest factor is trying to save water when talanghower. If the occupants try to save water, gnerg
consumption decreases. The third largest fact@heating bath water. Energy consumption increases
as the frequency of reheating bath water increabtseover, if occupants control the water
temperature using an automatic control, energywops$on is the largest. When the occupants use an
automatic control, the bath water reheats frequewnithout occupants being aware. When the
occupants intentionally try to save water, they i@tuce their energy consumption.
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2.3.5 Conclusions

The survey was conducted to clarify actual enem@ysamption from October 2008- March 2009 in
Sendai. A total of 1274 households responded tsuineey. The results are as follows:

The average annual energy consumption in Sendaialvast 41GJ/household. The average energy
consumption of the detached houses was largertiiaof the apartment houses.

Energy consumption increased as the number of antspncreased. As for energy consumption per
person, energy consumption tends to decrease asithiger of family members increases.

Energy consumption of hot water supply was thedstrgend use. The annual average was 16.8
GJ/household, followed by energy consumption oep#nd space heating. The energy consumption
of space cooling was much smaller than other eed.us

There was a clear difference in levels of energysamption between the households that tried to save
energy and ones that did not tried to save.

The actual largest end use of energy consume isvatar supply, but most households think space
heating is the biggest. Few occupants respondedhbg could reduce the energy consumed by the
hot water supply. This may be because they do notvkthat the energy consumption of hot water
supply is large.
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Most people practiced energy saving actions. Orother hand, the energy saving actions related to
the bath were not carried out very often.

From the results of multiple regression analysis, iumber of occupants and year built have a large
impact on the energy consumption of space hedtogthe energy consumption of space cooling, the
utilization frequency and the number of occupattecha large impact. For the energy consumption of
hot water supply, the number of occupants andzatibn behavior related to the shower and reheating
bath water have a large impact.

According to the analysis, it was found that oceupbehavior had a large impact on energy
consumption. There is potential to reduce energysemption in the residential building sector by
changing occupant behavior. It is important foruggants to understand how much energy they use for
each end use and find the best way to reduceghengy consumption.
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2.4 Experience 4. Statistical analysis on energy consytion of residential buildings in
China

(Tianchi Hu, Hiroshi Yoshino)

2.4.1 Introduction and the aim of the analysis

The energy consumption of residential sector has lrecreasing significantly over past three decades
Therefore, it is necessary to analyze how muchggner used by various sources and the factors
influencing energy so as to reduce energy consmmji residential buildings. In this study, a large
scale questionnaire survey has been conducted aotyclactual condition of yearly energy
consumption in the urban areas of Harbin, Urumagiljdh, Beijing, Maanshan, Shanghai, Chongqging,
Changsha, Guangzhou and Kunming. The investigatgdot Beijing was divided into Beijing(A)
where households use district space heating systechBeijing(B) where households use domestic
space heating.

Quantification Theory is used based on the results of measurement arstiaqueaire, so as to find
out the important factors that influence the enaxgrysumptions in ten cities.

2.4.2  Outline of the survey

Location of investigated cities

The survey was conducted in the urban areas ofifadoumgi, Dalian, Beijing, Maanshan, Shanghai,
Chongging, Changsha, Guangzhou during 2007/10-20G81d Kunming during 2008/10-2009/9.
Figure 2-95 shows the location of these investijaiges. The investigated cities are all majoresit

in China and are distributed in the five zones [1].

Harbin

Urumgi /
— Beijing | Very Cold Zone

Very Cold Zone

s Maanshal

Hot Summer \ .
& Cold Winter Shanghai

Chongging Moderatt Zong Changsha
_ / H er & —Guangzholi
Kunming Warm Winter

Figure 2-95: Location of investigated cities.

2.4.3  Investigation method

This study was done by using questionnaire sur¥ée questionnaire were distributed as well as
collected through the cooperative researchers ¢allaniversities. Total number of 1004 families
living in urban areas of the ten cities was setbdte the researchers. Table 22 lists the invesbigat
date, and number of distributed questionnaire,lfaeki and meter readings. Each family was asked to
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answer a questionnaire for the summer and win@saes, including basic information related to the
characteristics of their building, heating & cogjiperiods, daily operation time, usage of heating &
cooling appliances, number of occupants, annuaniecand thermal sensation. In addition, monthly
consumptions of electricity & gas of each familyaityear was collected by the meter readings.  thi
investigation, consumption of energy by centratriis heating is not included in Harbin, Urumqi,
Dalian and Beijing. The investigated city of Begiwas divided into Beijing(A) where households use
district space heating, and Beijing(B) where hoosthuse domestic space heating.

Data processing for deleting and selection

The families are taken as samples, and all thesitenthe questionnaire are taken as variables. The
methods of the processing for the missing data teféhe method in the research by Chen et al. [2].
The numbers of feedbacks of questionnaire and medelings are the valid sample quantities.

2.4.4  Results of the investigation

Building characteristics

67% in Chongging, 52% in Changsha and 48% in Guamgare more than 126mas shown in
Figure 2-96. The average floor area in Chongqint38.6 m (the largest among the ten cities). And
in Guangzhou, Changsha and Kunming, the average di@a is about 105%rin Dalian, the average
floor area of residences is 57,rand 41.5% of residences are below 60 m
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T T T
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Figure 2-96: Floor area of residences

Figure 2-97: Material of window frame

Figure 2-97 shows the material of window framesdusethe ten investigated cities. More than 60%
of the housing units used aluminum alloy as windivame material in Kunming, Guangzhou,
Changsha and Shanghai. Plastic steel window fraaregopular in Chongqging, Maanshan, Dalian,
Urumgi and Harbin. In Beijing, belongs to the calne of China, plastic steel window frame and
wooden window frame are normally adopted becaus$kenf heat transfer coefficients are low.

Housing appliances

The residences in Harbin, Urumgi, Dalian and Bgijrere equipped with central heating systems. In
Beijing, besides 41% of households used centraingea32% used individual heating, and 24% used
both of them. Households in Changsha, Chonggingn@ai and Maanshan used individual space
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heating units. The possession rate of heating apgdis in Guangzhou and Kunming is very small,
especially in Kunming, only 2% of households havace heaters shown as Figure 2-98.

B Central heating O Central & individual heating

Individual heating £1Non-equiped T T
Harbin [T | |
Harbin 7 | |
) Urumgi [ | |
Urumai Dalian 1 | !
) 1 | I
Dalian Beijing !
Beijing 1% . Maanshan | ; ;
Maanshan |77 2227 2z o Shanghai | 1 f
Shanghai F= 7 7 = = Chonggqing 1 . .
Chongging 7B Changsha | : :
Changha i Guangzhou
J i ! | |
Guangzhou |7 ‘ A T T T Kunming |3 ‘ ! ‘ !
Kunming H‘ ''''''''''' 0% 20% 40% 60% 80% 100%
0% 20% 40% 60% 80% 100%
Figure 2- 98: Types of heating appliances Figur®2: Possession of air-conditioner

Figure 2-99 shows the possession of air conditioBach household in Changsha, Chonggring and
Shanghai, and more than 95% of households in Maangind Guangzhou had installed air-
conditioners. However, very few households haccairditioner in Kunming, Urumgi and Harbin, as
the climate is moderate in these cities in summgpgecially in Kunming, only 5% of homes had air-
conditioners. The possession rate of electric faeagh household in Kunming, Urumgi and Harbin
was smaller than that of other seven cities, eafigén Kunming, only 14% of households had a fan.
The possession rate was highest in Guangzhou,@db5the families owned three fans.

Considering the water heater, 9.6%, 6.1% and 2%%%esidences in Harbin, in Beijing and in
Changsha were respectively equipped with centralmaber supply systems, while residences in the
other cities were equipped with individual wateatee. Figure 2-100 shows the energy sources of
individual water heater. The gas water heater &s rttost popular type in Guangzhou, Changsha,
Chongging and Shanghai, while the electrical watsiter is common in Dalian and Urumgi. It is
worth mentioning that many households in Kunmingadishan, Beijing and Urumgqi were equipped
with water heater of solar energy, especially imKing with large percentage above 55%.

Family characteristics

Regarding the number of family members, the threepfe is the main type among investigated
families, the size of families in Harbin, Urumgialian, Beijing and Changsha was commonly 3-
person. The average family size in Maanshan, Staaragid Chongging was below 2.7 people, while
the average Guangzhou family was 3.4 people.

Figure 2-101 shows the annual income of the fantlpuseholds in Chongging had the highest
income, there were 17% of the households havingi@nncome above 150,000 RMB, and 25% of
the families had the annual income between 50,0@) 00,000 RMB. The annual income of

households in Kunming ranked second. The househwiills annual income above 150,000 RMB,

between 100,000 and 150,000 RMB, and between 5@&060.00,000 RMB, were 9%, 4% and 37%
respectively. The annual income between 30,000 %1800 RMB is common in Changsha. The
families in Urumgi had the lowest annual incomeq &2% of the families earned less than 30,000
RMB in a year.
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Figure 2-100: Energy sources of individual water

Figure 2-101: Annual income of families
heaters

Operation of heating and cooling

Figure 2-102 illuminates the operation period céditireg in a year among all the investigated families
The heating period in Harbin, Urumgi, Dalian andjiBg was longer than other investigated cities.
The households in Harbin and Urumqi used spacengeiom October to April of next year, while
the households in Dalian and Beijing used spacértterom November to March of next year. In
Guangzhou and Kunming, the percentage of houselsidg heating was very low with the average
of 15% from October to March of next year and 5%nfr December to March of next year
respectively, since these two cities have genevedlymer winter than the other cities. Heating perio
in very cold and cold climate zones is normallygenthan that the other zones.

In Harbin, Urumgqi, and Dalian, the heating systwas operated throughout each day, as shown in
Figure 2-103. In the other seven cities, therenis peak in the evening hours from 18:00 to 22:0@ T
daily using time in very cold and cold climate zemeas longer than that the other zones.

- Harbin -x- Urumgi -+-Dalian - Beijing —- Maanshan —e Harbin -u- Urumai —o-Dalian -+ Beijing —a Maanshan
—o-Shanghai - Chongqing -=-Changsha -%-Guangzhou -- Kunming

-o- Shanghai - Chongging -+ Changsha  -x- Guangzhou -+- Kunming
100% N ——N 20

100%

80% 80%

60% 1 60% -~ — —— ——
40% - 40%

20% A 0% — - — = 4\

0% it o0 SEEEEEE oot o

i
0:00 4:00 8:00 12:00 16:00 20:00 0:00

Figure 2-102: Operation period of heating in winter Figure 2-103: Daily operation of heating in winter

Figure 2-104 shows the operation period of air-émming in summer among all the investigated

cities. Each city used air-conditioning from Juae&Xctober, except Kunming where less than 30% of
households used air-conditioning between July amgluAt.

Regarding the daily operation of the air-conditiapia very few residences in Harbin, Urumgi and
Dalian used air-conditioning due to the good weatlieghe summer in these cities. The hours of peak
air-conditioning usage in Beijing was from 18:0022:00 utilized by 30% of the households, and in
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Maanshan the peak was around 20:00 used by 90#mifids, as shown in Figure 2-105. The daily
using time of air-conditioning in Chongging was thegest among all ten cities.

—e— Harbin - Urumgi -o- Dalian -~ Beijing —A- Maanshan

—8- Harbin - Urumgi =0~ Dalian —A— Beijing -X- Maanshan . . N
—o-Shanghai  -w-Chongging - Changsha -%- Guangzhou -+-Kunming

-0-Shanghai % Chongging —4-Changsha —%-Guangzhou —#-Kunming 100%
0

100%

% o
80% 4 80%

% -
60% tepuosaoan

60%

0% 4 —————— - B - - — - —

40%

20% 20% + — e+

1% f
0% Rt i st 0% G000LTHAATS 301703 % %
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Figure 2-104: Operation period of AC (summer Fig@-105: Daily operation of AC (summer)

Energy consumption

a) Monthly energy consumption

Electricity and the different kind of gas are comed to calorific values [2-3]. Figure 2-106 shothe
annual energy consumptions of ten cities with titel tnumber of respondents shown next to the city
name. The annual energy consumption in Chonggiached 19.2 GJ which was the largest consumer
among the ten investigated cities, cooling accalfite 1.4 GJ which was also the highest among all
the cities, and cooking accounted for 7.1 GJ. lijilBA), households who use district heating
consumed 12.5 GJ of energy. On the other handinB&J) households who use domestic heating
consumed 15.6 GJ which was the second largestingeased 3.1 GJ accounting for 20% of the
annual energy use. From the results of this surteyas found that Guangzhou was the third largest
energy consumer with the total annual energy copsiomreaching 15.2 GJ, and cooking accounted
for 7.2 GJ. It can be seen that energy consummiadooking in Guangzhou and Chongging are the
first and second largest consumers respectivelis iEhmostly due to the fact that Chinese people in
these two cities enjoy cooking more comparing teeotities.
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B Space cooling & Space heating @ Cooking O Hotwater m Other

Harbin(s8) District heating

is not included

Urumgi(32)

Table 2-22: End use of energy consumption paiiano)

Type Energy End use Beiing(d) 13) [
source I
Type 1 Electricity  Cooling & heating, ~ °®©» RN
lighting, others Maanshan(49) §
Gas Cooking, hot water
Type 2 Electricity = Cooling & heating, Shananeic® |
lighting, hot water, Chongging(24) L2
others 1
Gas Cooking Changsha(12)

Guangzhou(47) pik

Kunming(74)

Energy consumption [GJ/year]

Figure 2-106: Energy consumption in a year

b) Analysis on the influence factors of energy consuntipn

The partial correlation coefficient of Quantifiaati Theory | is usually used as an important inaex t
evaluate contribution extents of independent véggmlo the dependent variable. The significance tes
is taken to judge what extent the partial correlattoefficient would be, then the factors will have
effect on residential energy consumption. The $icgrice probability is bigger, the partial correat
coefficient is less, and the factor affects residdenergy consumption is less. It is assumedithibe
significance probability is less than 0.05, thetdachas influence on energy consumption [4]. The
category weight value of each variable is usednyae the influence extent of all the categories o
qualitative variables and quantitative variablesttom dependent variable. The larger the valuehes, t
more the energy is used.

The qualitative and quantitative independent véemsed in this analytic model refer to buildingtu
characteristics, family characteristics and housipgliances. The annual energy consumption amount
of each family sample is taken as the dependermdblar Software of SPSS (Statistical Program for
Social Sciences) is used for calculation. Ten iiee classified into two main groups, Group 1 and
Group 2, based on the type of space heating. ®ineggy consumption data of district heating is not
included in this survey, Group 1 includes Harbimutdgi, Dalian and Beijing(A) where households
use district heating, and Group 2 includes Beig)gMaanshan, Shanghai, Chongging, Changsha,
Guangzhou and Kunming where households use dontesttong.

¢) Analysis on the influence factors of energy consuntipn in Group 1

Table 2-23 shows the results of the influence factm annual energy consumption of Group 1. It can
be seen that the type of water heater and the nuofbéamily members are the two important
influence factors on annual energy consumption. Whter heater type is the most important factor
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influencing annual energy consumption based owatses of the partial correlation coefficient and
the significance probability. The value of categasgight can be used to judge the influence extént o
categories of qualitative variables, and largeugdhdicates that this category leads to largerggne
use. Thus, water heater of electricity has theesirgcategory weight value, indicated that the
households using electricity-driven water heaterghese cities consumed the most energy. The
households using solar energy, on the other handsurned the least energy. Regarding the
construction year, the older buildings consumeddaenergy since new buildings has better energy
saving performance. Considering window frame, waad plastic steel window saved more energy
than the other types. The buildings using wood mslew frame consumed the lesser energy. As for
the quantitative variables, the larger the floaaais, the larger the number of family membershis,
more annual income is, the more HDD (Heating dedgae indoor temperature set as 18 °C) is, the

more the energy is used.
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Table 2-23: Influence factors on annual energy comgtion of Group 1.

Influence factors Categories Sample Categoriesiweig Partial Significance
correlation  probability
coefficient

Location Harbir 58 = 0.148 0.330

Urumqi 36 =
Dalian 53
Beijing(A) 13 =
Construction year  Before 198( 16 0.296 0.007
80s 28 —
90s 67 =
After 2000 49 [—
Building structure  Brick concret 10C = 0.202 0.040
RC 49
Other 11 |

HDD <300( 64 0.186 0.275

(°C-day >3000 96 ]

Floor area <60 n? 28 0.217 0.026

60 - 80 38 [

80 - 100 50 =

100 - 120 23 [

> 120 nt 21
Window frame Aluminum alloy 38 = 0.084 0.776

Plastic steel 89 o

Wood 18 =

Iron 15
Energy source of Gas 31 0.429 0.001
water heater Electricity 74

Solar energy 22

Other 33
Annual income < 10000 13 = 0.102 0.807
(Yuan) 10000 - 30000 14 o

30000 - 50000 37 =

50000 - 100000 61 =

> 100000 35
Number of family 1 11 0.324 0.002
members 2 35 —

3 86 =

>4 28

3 2 1 0 1 2 3 4 GJlyear
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d) Analysis on the influence factors of energy consuntipn in Group 2
Table 2-24: Influence factors on annual energy comstion of Group 2.

Sample

Partial

Influence factors Categories Categories weight correlation Significance
coefficient probability
Beijing(B) 90 3 |
Maanshan 56 ﬁ:
Shanghai 123 —
Location Chongging 56 0.404 0.001
Changsha 26 -
Guangzhou 50 =
Kunming 74
Before 1970 17 —
70s 25 —
Construction year 80s 86 = 0.224 0.002
90s 180 o
After 2000 167 [
Brick concrete 220 —
Building structure RC 221 0.217 0.003
Other 34 [
<1000 124
HDD 1000 - 2000 235 = 0.209 0.004
(°C-day)
> 2000 116 |
<100 220 ]
(CogPday) 100 - 200 205 o 0.223 0.002
> 200 50 :
<60 nf 63 [—
60 -80 M 103 [
Floor area 80 -100 A 96 I 0.226 0.002
100 - 120 rA 83 =
> 120 nt 130 —
Aluminium alloy 231 —
) Plastic steel 163 [
Window frame 0.203 0.004
Wood 46
Iron 36 —
Gas 266 —
Energy source of water Electricity 83 A 0.215 0.003
heater Solar energy 87 :
Other 39 —
< 10000 45 :
10000 - 30000 119
Annual income (Yuan) 30000 - 50000 145 = 0.201 0.004
50000 - 100000 121 j—
> 100000 45 —
1 47 {m—
2 103 [
Number - of ~family 224 i 0.192 0.005
4 73
>5 28 e
T
3 2 1 0 1 Gllyear
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Table 2-24 shows the results of the influence factin annual energy consumption of Group 2.
Annual energy consumption results from the intemtanfluence factors in different aspects. City
location, construction year, building structuregoll area and CDD (Cooling degree-day, indoor
temperature set as 26 °C) are important factodsien€ing the annual energy consumption; city
location is the most important influence factor agothese factors. The results showed that
Chongging had the largest category weight valuglevBeijing (B) Guangzhou and Changsha ranked
after Chongging, while Kunming had the value atghwllest in seven in cities. This change trend of
value in these cities is also consistent with thegnitudes of energy use amounts in these cities.
Considering the building structure, the buildingsstructed by reinforced concrete are distinctbgsle
energy efficiency than the other structures. Raggrthe window frame, the buildings used wood as
window frame consumed the least energy since therrabhas the smallest heat transfer coefficient.
Solar energy water heater helps to save energye wie families used gas water heaters consumed
the most energy. Based on the saturation of wagatehs in these cities, the prevalence of solagmwat
heaters in Kunming and Maanshan can lead to theeloavgy use in some extent in the two cities.
Considering CDD, category of 100-200 used moregntran the others.

For the other quantitative variables, the larger floor area is, the larger the number of family
members is, the more annual income is, the more ¥DMe more the energy is used.

2.45 Conclusions

This study investigated the urban residential enemnsumption under actual conditions by the way
of questionnaire survey on Chinese families thsideeat various climate zones. The following aee th
key findings of this study:

Most of the investigated buildings are built bychriconcrete except in Guangzhou and Kunming
where almost 70% of the buildings use reinforcedcoete as building structure. As for floor area,
67% of the residences in Chongging are more th@mf2which is the largest.

Family size with 3-person is common. However, therage family size in Guangzhou is 3.4 people.
Households in Chongging has the highest income, @¥%e households have the annual income
above 150,000 RMB, and 25% of the families haveatweual income between 50,000 and 100,000
RMB.

Almost every household in Harbin, Urumgi, Daliarda@eijing equipped with central heating system.
Regarding the operation of heating, the heatingodsrin Harbin, Urumqi, Dalian and Beijing are
longer than the other cities, all residences inbifarUrumgi and Dalian use heating in every day. On
the other hand almost all households in Maanshaanghai, Chongging, Changsha and Guangzhou
have cooling equipment such as air-conditionersfans.

Annual energy consumption in Chongging reaches G39.%vhich is the largest among the ten
investigated cities, and cooking accounts for 7J1 I@ Beijing (B) where households use domestic
heating consumes 15.6 GJ which it is the secomng$dy the heating use 3.1 GJ accounting for 20% in
the total.

In Group 1, the water heater type is the most intgmrinfluence factor, and the number of family
members is the second most important influenceofaain annual energy consumption. In Group 2,
city location, construction year, building stru@urfloor area and CDD are important factors
influencing annual energy consumption. The cityatamn is the most important factor influencing
annual energy consumption.
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2.5 Experience 5: Field Survey and Statistical Analysesn Energy Consumptions in the
Residential Buildings in Japan

(Hiroshi YOSHINO, Graduate School of Engineering, ©hoku University, Japan)
(Ting SHI, Building Research Center, Vanke, China)

2.5.1 Introduction

Field surveys of energy consumptions have beemedaout in eighty residential buildings which are
located in six different districts of Japan, wittetpurpose to understand the energy consumptions by
end users in residential buildings and then todoufl a national-level database. In addition, gstesis
analyses were conducted so as to find out theenfial factors on residential energy consumptions i
Japan. Finally, the database and the statisticallys@s results will be of help as evidences for the
house makers and equipment manufacturers to dooamvént-friendly developments, as well as for
the residents to select environment-friendly hoa&khppliances to install into their houses.

2.5.2  Outline of the investigation

Selection of the households

The two-year survey on energy consumptions was wainad in eighty households located in six
different districts of Japan (Figure 2-107) fromdember 2002 to November 2004. The six districts
are Hokkaido, Tohoku, Hokuriku, Kanto, Kansai and/ukyu (including Okinawa). Fifteen
households were selected in Kanto District, andel@h households were selected in each of the rest
five districts. Two types of residential buildingsamely detached house and apartment, respectively,
were under investigated. In each district, ninesetwlds live in detached houses and the otherdnlive
apartments. Households which met the following mssleconditions and/or optional conditions were
selected in the survey.

District Number

* B  [Hokkaido 13

i B ([Tohoku 13

] B  |Hokuriku 13

s for [ |Kanto 15

T S [ | |Kansai 13
gf [ 1 |Kyushu Okinawal 13
Total 80

Figure 2-107: Location

Essential conditions

Among the nine detached houses in each distritéaat four of them are wood constructed with floor
area around 100~156rand meet the local new energy saving standard.

Three or four family members: husband, wife and ton®vo children.

Optional conditions

The houses which can represent the district cheniatits (e.g., well insulated and air-tight houses
Hokkaido) are selected.

Give priorities to the households which can coojgeirathe long-term investigation.

Investigation items and methods

181



Table 2-25 shows the investigation items and meth8gecial instruments as shown in Figure 2-108
(a, b, c) were used to measure the consumptiomeseofricity, gas and kerosene, while data loggers
with temperature sensors as shown in Figure 2-@P&¢re used to measure indoor air temperatures.
The electricity measuring systems record elecyricinsumption in one minute (Wh) and the peak
value (W). The kerosene measuring system has arfieter inside, which record the kerosene volume
(I in five minutes by the pulse logger. The tengtere and humidity data loggers, which were set in
the air-conditioned and non-air-conditioned roorhsha height of 1.1m above floor, record the data
every 15 minutes. In addition, questionnaire arafing surveys with the cooperation of the occupants
have been carried out to know their lifestyles.

Table 2-25: Investigation items and methods

Item Method
Electricity |Measured by instrument every one minute
Field Gas Measured by instrument every five minute

Measuremen{&erosene Measured by instrument every five minute
|Temperature Measured by data loggers with temperatusersesvery 15 minutes
Questionnaire Survey [Life style, Concious on environment, Annual incomdization of equipment
Hearing Basic information of the building, Family members...

=)

Figure 2-108: Measuring instruments (a, b, ¢ anfdain left to right: electricity, gas, kerosene and
air temperature)

Energy indicator

Basically, energy indicator in the database islfisacondary) energy consumption. Table 2-26 shows
the energy conversion coefficients for differemtds of energy sources [12]. Energy end users were
classified as shown in Table 2-27. The classificatias three levels. There are ten categoriesein th
first level, which are 1) total energy consumpti@),heating, cooling and ventilating (HVAC), 3)
domestic how water (DHW), 4) lighting, 5) kitcheg), refrigerator, 7) entertainment and information,
8) housework and sanitary, 9)others, and 10) géparée.g. photovoltaic power generation). The ten
categories were classified into more detailed, tincthe second level. For example, hot water suppl
is divided into hot water supply for bathroom, fdtchen and others. Finally, the third level is the
energy consumption for individual household eleatlriappliance. In addition, rated electricity
consumption and stand-by power of the electricpliapces were divided if possible.

Table 2-26. Conversion coefficients of energy sesirc

Energy Source Conversion Coefficient
Electricity 3.6 MJ/kWh
Kerosene 36.7 MJ/L
LPG 50.2 MJ/Nni
City Gas (4A~7C) 20.4 MJ/Nr
City Gas (12A~13A 45.9 MJ/Nm
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Table 2-27: Energy end users

First level Second level Third level Energy source First level Second level Third level Energy source
Purchased power QSecondary energy Television Electricity
1) Total energy Pgwer seling QSecondary energy Vedio Electr?c?ty
consumption Household  |City gas OSecondary energy Dvp playgr Electr!c!ty
Kerosene OSecondary energy Audio/radio casette Electricity
Wood, etc Game Electricity
Air-conditioner OElectricity Entertainment [BS/CS turner Electricity
Cooling Gas alir-conditioner Ga§ . Tuner . EIectr?c?ty
(summer) Electrical fan Electricity CATV terminal Electricity
Dehumidifier Electricity CATV hooster Electricity
Others (heat exchanger, etc) Electricity 6) Entertainment Wireless lan (main and extension) Electricity
Air-conditioner OFElectricity and Electrical piano Electricity
Gas air-conditioner Gas information Computer Electricity
Kerosene air-conditioner kerosene Telephone and fax Electricity
Electrical floor heating OElectricity Telephone extension Electricity
Gas floor heating Gas Entry phone Electricity
Kerosene floor heating kerosene Information TV door phone Electricity
2) Heating, cooling Kotatsu (Japanese electrical heating table) Electricity Telephone security unit Electricity
and ventilating Heating Electrical carpet Electricity Telephone battery charger Electricity
(winter) Gas fan heater Gas Cellphone battery charger Electricity
Kerosene fan heater kerosene Shredder Electricity
Kerosene stove kerosene Security |Home security Electricity
Electrical heater (panel heater, etc) Electricity Washing machine Electricity
Heat storage heater Electricity Gas washing machine Gas
Humidifier Electricity Cloth dryer Electricity
Electrical blanket Electricity Gas cloth dryer Electricity
Others Electricity Housework |Iron Electricity
Ventilation | 24hours ventilation system OElectricity Vacuum Electricity
(exclude range [Local ventilation Electricity Sewing machine Electricity
hood) Air cleaner Electricity Futon dryer Electricity
Electrical water heater OElectricity Trousers press Electricity
7) Housework —— —
Hot water supply [Gas water heater Gas and Sanitary Warm-water cleaning toilet seat Electricity
(bathroom)  [Kerosene water heater kerosene Dryer Electricity
Others Electricity Bathroom heating (dryer) Electricity
Electrical water heater Electricity Gas bathroom heating (dryer) Gas
S Hot Wfiter supply |Gas water heater Gas Sanitary Electr@al shaver Electr@c@ty
(kitchen) Kerosene water heater kerosene Electrical tooth brush Electricity
Others Electricity Inhaler Electricity
Electrical water heater Electricity Electrical mosquito swatter Electricity
Hot water supply [Gas water heater Gas Electrical spetic tank Electricity
(others) Kerosene water heater kerosene Medical care |Medical machine Electricity
Others Electricity Electrical shutter Electricity
o o Lighting Electricity 8) Others Others  |Tank Electricity
4) Lighting Lighting Table lamp Electricity Unclear iterms Electricity
E!ectrical cooker (IH and 200V equipment) OEIectlriF:ity 9) Generation Generation Photovaltaic power generation EIectr?c?ty
Microwave Electricity Solar water heater Electricity
Electrical oven Electricity the items with "O" are necessary items
Gas oven Gas
Rice cooker Electricity
Gas rice cooker Gas
Cooking  [Pot Electricity
Table stove/plate Electricity
Toaster Electricity
5) Kithchen Coffee maker Electricity
Juicer/blender Electricity
Home bakery Electricity
Gas cooker Gas
Refrigerator OElectricity
Range hood Electricity
Dishwasher Electricity
Others Gas dishwasher Gas
Water filter Electricity
Rice mill Electricity

2.5.3 Investigation results

Annual energy consumption
Figure 2-109 and Figure 2-110 show the annual eneogsumptions for the 80 households during
one year from December 2002 to November 2003 amwh fbecember 2003 to November 2004,
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respectively. The blanks in the figures indicatattineasurements were not carried out in such
households. The results show that energy consumptivied widely in different households. The
maximum value was about twice of the minimum vadwen in the same district. In general, annual
energy consumption decreased when the household gmethward. In Hokkaido, Tohoku and
Hokuriku, where have cold winters, annual energgsconptions were larger than other districts.
Besides, energy consumptions for HYAC and DHW anted for a large ratio (about 80% of the total
energy consumption) in these districts. In addijtienergy consumption for HYAC and DHW also
varied widely in different households. The maximwalue was about three or four times of the
minimum value. The differences of energy consurmstitor HVAC and DHW are considered to
result in the differences of total energy consuoptn residential buildings.
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B Heating, cooling and ventilation
O Domestic hot water

OKitchen

DOEntertainmentand information
® Housework and sanitary
BLighting and others

I
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Note: Measurements were not carried out in these households: A0S of Kanto, D07, D08, A04 and A05 of Kyushu & Okinawa

Figure 2-109: Annual energy consumptions for thén80seholds (Dec. 2002 ~ Nov. 2003)
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Note: Measurements were not carried out in these households: D05, D07, AO1 of Hokkaido, D09, A04 of Tohoku, D03, D04,
A02,A03, A04 of Hokuriku, A0S of Kanto, D02,D03, D06, D07, A 01~03 of Kansai, D07, D08, A02, A03, AO5 of Kyushu & Okinawa

Figure 2-110: Annual energy consumptions for thén80seholds (Dec. 2003 ~ Nov. 2004)

Comparison between the first year and the second ge

Figure 2-111 shows the comparison of the annualggreonsumptions (Left: Energy consumption for
HVAC; Right: Total Energy Consumption) between thist year (Dec. 2002 ~ Nov. 2003) and the
second year (Dec. 2003 ~ Nov. 2004). The resultsvghat, although energy consumptions in these
households had some differences between the &t gnd the second year, the differences were not

184



obvious. This indicates that residents have a atifleistyle and they do not like to change much. On
the other hand, households in Tohoku district coaee to live an energy-saving lifestyle (e.g.,
shortening heating/cooling period, appropriatingisg temperature, reducing heating/cooling space,
unplugging electrical appliances when not using,) &b the second year. Annual energy consumption
in such households became smaller compared toirsteykar, and the reductions in two of the
households were very obvious. Such results inditzae lifestyle of the residents is an important

factor to save energy in residential buildings.
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2.5.4  Statistical analyses

Introduction
The investigation results showed that energy copsioms varied widely in Japanese residential
buildings. In order to find out what factors andrhiiey influence on residential energy consumptions
statistical analyses were carried out with the Itesaf 72 households with full energy consumption
information. In the statistical analyses, the delaen variables are the energy consumptions for
different end uses, and the explanatory variahiesre considerable factors as shown in Table 2-28.
When selecting the explanatory variables, the fahg matters should be well examined so as to
ensure the precision of the analyses.

* Do Not select any useless factor

* Do Not miss any useful factor

* Do Not select highly correlated factors so as wicthe problem of multi co-linearity.
With these considerations, explanatory variablegclvizcan be gained from the investigations were
used in the analyses, while those factors excetdeithvestigation items were not considered.
Three kinds of statistical methods were used inafi@yses, which are multiple regression analysis,
neural network, and quantification method. The n®ag multiple regression analysis and neural
network are used to predict the relationships betw@ependent variable and explanatory variables in
linear and non-linear way, respectively. On theeothand, quantification method is used to analyze
the influences of qualitative factors, which arsa#ed by texts, e.g. district, building type,.etc
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Table 2-28: Statistical methods

RS Neural | Quantification
NO. Factor Unit Regress_lor Meiueid i

Analysis

1 |District - - - O

2 |Type of the Building - - - O

3 | Age of the Building [Years] O @) O

4 |Floor Aree [ni] O O O

5 |Coefficient of Heat Loss Wi K] O O O

6 |Equivalent Area of Interstice 6/ ni] @) @) ©)

7 |CDDs,.. [C-Day] O O O

8 [HDDj4.1. [C-Day] O O O

9 |Living Room Temperature in Sumr [[C] O - O

10 |Living Room Temperature in Winter | (] O - O

11 |Number of Family members [Person O O O

12 [Number of Electrical Househc [Piece O - O

255 Result

Multiple regression analyses

The dependent variable is annual energy consumg@dnyear), and the explanatory variables are
shown in Table 2-29. Floor area had the largesdstalized partial regression coefficient, followsd
heating degree day and living room temperature immtes, which indicated that floor area, heating
degree day and living room temperature in wintet peeater effect on annual energy consumption,
compared to other factors. Figure 2-112 showselagionship between predicted values and observed
values. The coefficient of determination was OwRich indicated that energy consumptions in 72%
of the households can be explained by the multgdeession analyses.

Table 2-29: Results of multiple regression analyses

Factor Partial Rgg_ression Standar_dized Pal"ti.&ﬂ
Coefficient Regression Coefficient
Building Age [Year] -0.99 -0.18
Floor Area ] 0.36 0.48
Coefficient of Heat Loss [Whi - K] 2.71 0.12
Equivalent Area of Interstice fid/mi] 0.35 0.03
Family Members [Perspon] 3.57 0.14
CDD;;.54[°C-Day] -0.03 -0.10
HDD4.14[°C*Day] 0.01 0.38
Living room Temperature in Summéc] 1.15 0.09
Living room Temperature in Wintef(] 2.49 0.27
Electrical Household Appliances [Pieqe] 0.08 0.03

Constent -103.79
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Figure 2-112: Relationship between the predictedesand observed values

Neural network

Figure 2-113 shows the input and output layerseimral network analyses. In neural network, the data
will be divided into training data and validatingitd, where training data is used to analyze how
explanatory variables influence dependent variableile validating data is used to validate the
analyses. In this research, one household was maydeelected as validating data from each district
and the rest 66 households were used as trainiteg @able 2-30 shows the comparisons between
training data and validating data. Compared totthiging data, the validating data had smallerrfloo
area, equivalent area of interstice, but highendjwroom temperatures and annual energy consumption

Input Hidden Output
Building Age—
Floor Area—

Coefficient of Heat Loss—

Equivalent Area__
of Interstice
Family Members—

HDD —

Annual Energy
— Consumption

CDD—

Learning Phase
Figure 2-113: Input and output layers in neuralwetk

Table 2-30: Training data and validating data
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NO Ea Training Data (66Households) Validating Data (6Houskeolds)
) MAX MIN AVE MAX MIN AVE
No.1 |District —_ — — — — —
No.2 [Building Type — — — — — —
No.3 |Building Age [Years 35.0 1.0 5.5 13. 1.0 5.7
No.4 |Floor Area m] 240.0 46.0 122.9 159.0 70]0 108.2
Coefficient of Heat Los i
No.5 W/ K] 7.7 0.6 2.4 3.2 1. 2.2
Equivalent Area of Intersti
g
No.6 [cni/m] 13.3 0.2 2.8 2.9 0.3 14
No.7 |Family Members [Person] 6.0 2.0 3.6 5.0 2. 3.5
No.8 [CDDID;;. 24 625.5 0.0) 118.1 245.8 0)0 107.0
No.9 [HDD [Dy4.4 3220.7 54 15255  3220]7 6232  1597.6
Living room Temperature |
No.10 Winter [C] 24.9 11.1] 18.5 23.5 178 19.6
Living room Temperature
No.11 Summer {c] 30.9 21.9 27.4 28.y 26,8 28.0
Electrical Househo
g
No.12 Appliances [Pieces] 68.0 11.0 33.9 51.0 210 34.7
Annual Energ
No.13 Consumption [GJ/Year] 159.8 11.2 52.4 123.B 290 65.1

The Figure on the left hand side of Figure 2-11dwghthe relationship between predicted values and
observed values in neural network model with tragndata, while the right hand side of Figure 2-114
shows precision of the neural network analyses wafidating data. The coefficient of determination
in the validating model was 0.88, which indicatedttthe model in fact correct in 88% of the times.

N
o
o

g & 200
3 y = 0.87 x + 6.09 Z y=1.06 x - 0.45
*
S. 150 R?= 089 Q. 150 1 R*=0.88
()

= = .
£ 100 1 S 100 -
° °
g 501 g8 s0{ o
ko] S Y%
o § <
o 0 o 0

0 50 100 150 200 0 50 100 150 200

Observed Value [GJ/Year] Observed Value [GJ/Year]
Neural Network Model with Validating NNW Model using
Training Data Validating Data

Figure 2-114: Results of neural network.
Figure 2-115 shows the importance of input layersirinual energy consumptions. It indicated that

heating degree day, family members and coefficinheat loss had more importance to annual
energy consumptions in Japanese residential bgsdiompared to other factors.
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Figure 2-115: Importance of input layers to anneakrgy consumptions

Quantification method |

In the quantification method type I, dummy variagbbre used and analyzed by multiple regression
method. Factors were divided into several categosied the category weights were calculated by
minus the average value.

Table 2-31 shows the results when the dependenablaris annual total energy consumption.
Numbers on the right hand side were Partial CaicelaCoefficients of the factors (PCC). The partial
correlation coefficients of district, floor areandafamily members were larger than other factors,
which indicated that these three factors had gredfect on annual energy consumption compared to
others. This table also shows that energy consompmtecreased as the household goes southward.
The difference between Hokkaido and Kyushu was 8BoGJ/Year. Households located in Hokkaido
with floor area larger than 12Gmand have more than four people in their home wmesl most
energy per year.

Table 2-31: Quantification method I: (Dependant iate: annual total energy consumption)

Item Category Sample Category Weight
Hokkaido 13 . . .
Tohokt 13 / 2.5.6  Conclusions and discussions
L Hokuriku 10
District PCC )
KK::Stg ;0 {/ (0.60) The national database of a two-year
i;yusht 36 L B investigation in the residential buildings in
T ouse -
Buldng Type |51 4 (015 Japan shows the following results.
Building Age (Year) = = A (0.30) Energy consumptions of the households in
S A ) I;gf gg . (0.47) Hokkaido d|st.r|ct. are the Iarge.st, fo.llov.ved
Coctciont of Heat L Lt 1z — by Tohoku district and Hokuriku district.
oefficient of Heat Los 1.5~2 18 : .
WIT-K) o 16 ( (0.29) These three districts have long and cold
2.5~ 17 R LI ; i
EquVATeT ATea ¢ = o l winter, heating and hot water supply are the
'"te::fe 13~3 il L (0.12) largest energy user there.
(eI’ - 5 R LR . .
. - ] 2¢ Iy Annual energy consumption did not change
amily Members 2 26 (0 42) .
(Person) yis 5 N @ much between the first year and the second
~10(¢ 42 . -
(of.?f;) L ! > (0.37) year, due to thg residents are W|II.|ng to
Y 200- 14 e R have a stable lifestyle. However, in the
oo oo g0 5 '\\ (0.35) households where the residents cooperated
2000~ 17 1 _ i i i
e = e to live an energy-saving Ilfestylfe in the
in Summer 27~2¢ 23 < (0.23) second year, energy consumptions were
(°C) 29~ 22 R L
Living room Temperatu ~17 23 K
in Winter 17~2C 22 (0.14)
“c) 20- 1c I R
Electrical Househo ~25 25 B\
Appliances 25~3( 17 I (0.127)
(Piece) 30~ 22 Py

-40 -30 -20 -10 0 10 20 30 40 50
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smaller than in the first year. Lifestyle is an wnjant factor that influences energy consumption in
residential buildings.

Besides air-conditioner, hot water supplier andgefator, television is the largest energy useoragn

the household electrical appliances in most offtbeseholds. In some households, electromagnetic
cooker, warm-water cleaning toilet seat, washingchiree (with dryer function) or dishwashing
machine consumed more energy than other appliakoesgy saving priorities should be given to
these appliances.

Statistical analyses using three different sta@dtmethods have been carried out to understand how
the factors influence energy consumptions in Jagmrrresidential buildings. Multiple regression
method was used to predict energy consumptionsigdeatial buildings with a set of already-known
individual variables (floor area, HDD, CDD, etcbhy using linear functions, while the method of
neural network was used to analyze the non-linekationship between energy consumption and
individual variables. On the other hand, quantifara method analyzed the influence of qualitative
variables (e.g. district, building type, etc.) bytroducing dummy variables. Due to the different
analysis approaches of the three different stegistinethods, the influences of individual variables
were different in three methods. However, heatimgrde day (HDD) has been clarified as an
important factor that influences annual energy oomgtion by all the three statistical methods.
Besides that, district was the most important gatiie factor, and the considerable reason is lsecau
different districts reflect different heating patfoand heating areas.

However, the set of individual variables used itistical analyses should be further discussed. For
example, factors related to human behaviors (@erating schedule of individual heating and cooling
equipment, setting temperature of hot water useddth and/or shower, utilization of natural energy
(e.g. photovoltaic system, natural ventilation).eshould be taken in to account. Researches and
analyze methods focus on the influence of humamels on residential energy consumption should
be developed in the soon future.
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2.6 Experience 6: Heating consumption assessment andrdégast of existing buildings:
investigation on Italian school buildings

(Stefano Paolo Corgnati, Federica Ariaudo, Marco Hippi)

2.6.1 Introduction

The study here presented is part of the long-temalysis of actual energy consumption, aimed at
monitoring, analyzing and forecasting energy corsion of a school building stock. Results can be
also useful for the definition of priorities in lding energy upgrading.

The provisional models for energy forecasting stidad robust and simple, based on easily collectible
data, in order to show with reasonable precisienbthilding stock energy demand tendencies.

With reference to Figure 2-116 inspired by theioe8 of IEA- ECBCS ANNEX 53, the investigation
here presented can be referred to the box relatedarge building stocks, where seasonal
consumptions are available and analyzed.

-—_— -

Time | Short Medium Long
3538 | (s, h) (wask. manth) (spason. vear)

# of bldgs
Indiidual bidg | Profies

Power [KW] eyl i .
o ]M\ Load Analysis

farge g stk \

regignal/ . Energy ( ; over a perid of time
ratona Emergy Planning| i@

analyses

Figure 2-116. Building sample dimension vs Timgdency of energy consumptions (from hourly
data to annual data)

The analysis is firstly carried out in order toidefa specific heating energy consumption indictdor
each school building. A simplified model, defineddaproposed by a previous research work
(Corgnati et al., A method for heating consumpti@sessment in existing buildings: a field survey
concerning 120 Italian schools, Energy and Buildingol. 40 pp. 801-809, 2008is applied and then
verified for the energy consumption forecast.
In particular, the investigation is carried outahgh the following steps:

1. measured data collection and analysis of heatinguroptions for each single building of the
investigated stock;
verification of the heat generation efficiency &ch analysed heating plant;
definition of actual and conventional occupancyrisaf the buildings;
definition of the energy performance indicator éaich single building
energy consumption forecast for each building amdHe building stock.

ablrwnN

Moreover, the validity of the performance indexpgweed in the former research activity is verified,
and the results of the previous investigation cdagmpare compared with the ones obtained from the
new data set consequently to energy retrofit astmnthe buildings.
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2.6.2 Database characteristics

A building sample of 103 schools is investigatedated in the Province of Torino. Diagram in Figure
2-117 shows the frequency distribution of the bogdsample on the basis of the gross heated volume.
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Figure 2-117. Frequency distribution of the builgisample on the basis of the gross heated volume

The diagram of Figure 2-117 shows that the sangpthvided within an extremely wide interval, with
heated volumes ranging from under 5000tanover 75000 th

Moreover, Figure 2-118 shows the frequency distidbuof the building sample on the basis of the
Italian conventional heating Degree Days (in acanog to the Italian Law D.P.R. 412/93), calculated
with an indoor temperature of 20 °C. All the invetl/buildings are located within the climatic zoges
(Degree Days between 2100 and 3000) and F (Degages &ver 3000), that are the two zones coldest
climatic zones in ltaly.
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Figure 2-118: Frequency distribution of the buildisample on the basis of the Italian conventional
heating Degree Days (Italian Government 1993)

As most of the buildings are located in the cityTofino (2617 °C d), more than half of the sample
falls within the area with conventional Degree Dhgsween 2600 °C d and 2700 °C d.

Diagram in Figure 2-119 shows the distributionte sample according to the type of fuel used fer th
heating system (in the case of methane, a furtivesiah into traditional and condensing boilers has
been made).
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Figure 2-119: Frequency distribution of the buildisample according to the type of fuel used for
heating system.

The data collected for each building in order tarelsterize its heating consumptions and, then, to
define the heating consumption indicator are:

building location;

geometric data (gross heated volume, floor useiidase);

monthly metered supplied energy for heating foe¢htonsecutive heating seasons;

monthly metered primary energy consumption for ingafor three successive heating seasons;
conventional heating Degree Days of building site;

measured heating Degree Days in building site &ohef the examined seasons;

conventional (standard) heat delivery hours ofitbating system;

actual heat delivery hours of the heating systene&eh examined season;

type of fuel for the heat generator.

As mentioned, data referring to three heating seakave been considered.

The number of conventional heating delivery hounsthe analyzed building stock has been set at
1,098 hourslyear, according to the indications tef €nergy manager on the basis of a standard
outdoor climate and a standard use of the buildig.the contrary, as regards the actual delivery
hours, they were monitored by the energy managerara example, Figure 2-120 presents their
frequency distribution for the sample with referema the first analyzed heating season.
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Figure 2-120: Frequency distribution of the buildisample on the basis of the actual number of
delivery hours for the first analysed heating seaso
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The monthly efficiency of the heat generator hasnbealculated for every building through the
following equation:
E

—_ S

E

P
where:
n = average monthly efficiency of the heat generator
Es = Monthly metered supplied energy;
E, = Monthly metered primary energy.

Also the average seasonal efficiency of the heaeiggor has been evaluated, using the seasonal
metered energies.

In order to verify the consistency of the meteretbgs and as a consequence of the efficiency, the
calculated monthly efficiency was checked. When 1o between monthly supplied energy and
monthly primary energy is over 0,90 (1,01 in theecaf condensing boilers), the obtained efficiency
value is considered as not reliable, due to a fmebaalfunction in the heat recording system. Tiee p
chart in Figure 2-121 shows the consistency ofbddi efficiency data.

esEmated
%

consisient
1%

Figure 2-121: Consistency of reliable efficiencyaleelated to the efficiency of the heat generator

Only 9% of the data presents an anomalous effigisatue. For the cases when the efficiency value
resulted as unreliable, some standard efficiendyega obtained from an analysis performed on the
collected data, have been defined: typically 0,88 tfaditional systems, and 0,96 for condensing
boilers have been used.

2.6.3 Method

In order to carry out a comparison among data obthifrom different buildings and/or different
seasons, it is necessary to define an energy tadicaferred to the heated volume and which
neutralizes the effect of any changes among bg&lin the heat delivery period, and climate. Tg thi
aim, a “conventional” energy performance indicataiready used in the previous study, has been
evaluated: such indicator is defined as the ragtwben the metered energy supplied by the heat
generator (QP) and the gross heated volume (\Mrrexd to the conventional heating Degree Days of
the site (DDR), and to the conventional hours of heat supply: (d

op, = PP
°7'v DD, d,

(4)

where:
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DD, = actual heating Degree Days of the site;
d, = actual heat delivery hours during the heatirases;
QP = seasonal metered energy supplied by the keatator.

Such indicator has been calculated for each buyjldieferring to climatic conditions and conventibna
hours of heat supply during each considered hea#agon, in order to make possible comparisons at
the same conditions, to show trends, or to highlkgtomalies.

As an example, Figure 2-122 describes the trentieindicators calculated each heating season for
building n° 1.

Building n° 1

&
S

w
&

w
=3

N
&

QPs. [KWh/m®]
a 8

o

o

1° season

2° season

3° season

mean value

Heating season

Figure 2-122: Trend of the “conventional” energyrfi@mance indicator QB calculated each
consecutive heating season for building n° 1

The diagram shows that the indicator presents dlities same value for season 1 and 3. On the
contrary, the consumption indicator for the heatsggson 2 is significantly higher: even if during
season 2 the climate was far less rigorous thaal (#uwas a “warm” winter), in practice such
climatic variation did not lead to a proportionacdease in consumption, as highlighted by the high
value of conventional consumption. This may be tdugoor control strategies on the heating systems,
a reduced efficiency of the systems with low-load®]/or to tendency in slightly increasing the imdo
temperature set-points with increasing of outdeargerature.

2.6.4 Results and discussion

Figure 2-123 shows the frequency distribution ef ctbnsumption indicator for a representative season
of previous research activity, and for a represergaeason of current research activity (so dfier
application of energy retrofit actions on the bunlgs).
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Figure 2-123: Frequency distribution of the “conviemal” energy performance indicator QRfor a
representative season of the previous researchigctind of the current research activity

This figure confirms that the retrofit interventsoplanned after the first investigation campaigneha
evidently led to an energy efficiency improvemanthe whole sample. In fact, while in the firsteas
about 90% of the buildings had a consumption irtdichelow 80 kWh/rf in the second case about
85% of the buildings show a consumption indicatetoty 40 kWh/nt: exactly half of the value
obtained from the previous study.

Moreover, in the first case the average consumptiditator value was 38 kWhAnwhile this value

is now 29 kWh/m Assuming an average room height of 3 m, the @ee@nsumption indicator
value referred to the surface unit is 87 kWh/mvhich is definitely lower than the value of 115
kWh/n? obtained from the previous estimation.

The diagram in Figure 2-124 shows the comparisamwden the actual measured value and the
performance indicator value for every building.

The performance indicator has been than used &xdst the consumption of the following heating
season. As a consequence, it is necessary to medife reference value according to the actual
conditions of the analyzed season, and the follgwirequation has been used:

— [_EDa a
QPSC* _st,c DDC B(let

where QR.is the energy performance indicator for each bogddetermined as previously described.

Mensuted whacific hewt supply [KWhin']

-] 100 120
Comecied comventional specilic heat supply [k\'lllm’]

Figure 2-124: Comparison between the actual meabuvedue and foreseen valued from QP
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The figure confirms the quite good level of accyraf the energy performance indicator: even if a
simple model has been used, the determinationiceft value Ris 0,74.

The trend line does not coincide with the biseabrthe diagram, which means that the energy
performance indicator slightly overestimates thei@oconsumption value.

One of the main physical reason for such resuhas the variables describing the model do not take
into account heat gains. Nevertheless, a littlerestemation can be considered acceptable when the
consumption forecast is used for “energy contract’boses because it provides a margin of safety of
primary importance.

2.6.5 Conclusions

The present study, focused on school buildings,edinat analyzing actual heating energy
consumptions and evaluating an energy performamtieator for consumption analysis and forecast
of the examined building stock.

The heating energy consumption has been investigitstly through a comparison between the
consumptions obtained from a previous study ors#tmee buildings and the ones related to the current
situation. This analysis has demonstrated that éhergy re-qualification actions planned and
implemented on the buildings according to the tesofl the previous study, led to an improvement in
the energy quality of the analyzed building block.

Then the energy indicator, based on a normalizatfahe seasonal metered energy consumptions, has
been calculated and verified. The indicator resulieliable, both for the description of the actual
consumption in comparison with reference valued,fanthe future consumption forecast. Moreover,
it turned out to be useful to identify referencduea for the heating consumption of this school
building stock.

Overall, this paper presents a model, indicatoxs @ammethod for energy consumption analysis and
prediction in a public building stock. In this cert an accurate energy consumption predictionng ve
important in order to allocate in advance neceskargs for energy retrofit of schools. Thereforesit
important that these models are easy to understarall those involved in management of analyzed
building stock. In school building stock, where tieg is the main energy use, consumption analysis
involve a not excessively complex system, so pteEgicaccuracy could be higher than in consumption
analysis of building stock where, for example, gt adaptive actions are more free.
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2.7 Experience 7: Building energy performance evaluatio using daily consumption data in
nine individual office buildings in Spain

(Stoyan Danov, Jordi Carbonell, Jordi Cipriano. CIMNE, Spain)

2.7.1  Subject of the work / Abstract

The subject of work is the analysis of the energyfggmance of nine office buildings in Spain,
corresponding to the climatic zone “D” according ttee Spanish Building Technical Code. The
dimensions of the buildings vary between 340 arzD482.

A method for determining the total heat loss cagdfit, the effective heat capacity and the netrsola
gain of a building is presented. The method usksear regressions approach based on daily energy
consumption combined with readily available metéagiwal data.

The effective heat capacity of the building is ea#d by correlating the energy consumption and
outdoor temperature changes from the previous Tag.net solar gain of the building is assessed by
analyzing the data separated into groups by anmafuthaily solar irradiation. Corrected total heatdo
coefficient is determined by explicitly including the building’s energy balance the accumulated hea
and the solar gain.

The method has been applied to the analysis ofpuibéic buildings in Spain. An improvement of the
estimated heat loss coefficient due to the cowastiis observed. The effective heat capacity
normalized by the building area is shown to be efuldndicator of the building operation, detecting
continuous or intermittent heating.

The estimated parameters in this study can englgleifc benchmarking, detecting opportunities for
energy savings and evaluating their potential. Wl increasing implementation of smart metering
technologies, the method is promising for applaato the analysis of large building stocks.

2.7.2  Aim of the work

In order to improve the energy efficiency in exigtbuildings and to design appropriate energy-gsavin
measures, it is important to analyze separatelynflieence of the building (envelope, energy sysem

from the influence of the human behavior factoesafmg/ventilating choice, system control).

Ideally, the analysis needs to establish weightaith of the following key factors in the building’s
total energy consumption: envelope quality; theldiog use activities; the systems quality and
control; occupant behavior factors such as heaimd) ventilating choice. This detailed knowledge
requires expensive monitoring which, in practice,only possible in a small fraction of the total
existing building stock due to cost criteria.

Another approach is the use of energy indicatossjally calculated from billing data sources.
Indicators are used for benchmarking to evaluate ghvings potential and also the impact of
efficiency measures already applied. In this ctse]evel of detail of the analysis depends ontype

of indicators used and on how well they are ableefresent the aforementioned key factors for the
energy consumption. Furthermore, benchmarking andiefing can be integrated in the same analysis
by studying the characteristic building factorshnattificial neural network (ANN) techniques [1].

A commonly used indicator for the combined perfanoe of the building and its occupants is the
energy use intensity (EUI), or energy consumpti@n pquare meter. For characterization of the
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building envelope, the total heat loss coefficielt,, ) including both the transmission and ventilation
losses of the building, is widely used [2],[3],[4].

The K

of the data for analysis increases, to the levelusihg daily data for example, the dynamic
performance deserves more attention. One of the weamodel the dynamic effects is the effective
heat capacity, defined in [5] as the part of th@ltdeat capacity of a building component that
participates in dynamic heat exchange with therenwment. In the same reference different analytical
models for determining this are presented, all bichy require information about the building element
properties and dimensions.

The present study aims to analyze building energyopmance from the starting point of energy
consumption data availability without detailed kdeslge about the building, calculating the effective
heat capacity and the net solar gain of the buldin

ot IS @ quantification of the steady state thermalgomance of the building. As the frequency

2.7.3 Data used and database characteristics

The study has been performed on data from 9 pbiicings in Spain corresponding to the climatic
zone “D” according to the Spanish Building CodeeThata has been obtained, from monitoring in the
period of April 2009 to March 2010, under a comrmedrcontract with privacy clauses which impede
the citation of the exact location. Consequertthg, data is used here only as an illustration ef th
methodology.

The original database contains data with 15 minsdéenpling frequency, with separation of
consumption of fuel for heating and total electyictconsumption of the building. The energy
consumption information has been complemented re#ldily available meteorological information at
10 minute frequency, taken from nearby meteorokiggtations. From these data the outdoor
temperature and the global solar irradiation omizbntal surface have been used. In some cases the
physical distance from the building to the meteogatal station is up to 20 km which can give place
to some micro-climatic deviations for the real dinbs.

Additionally, information about the typical numbef people occupying the building each hour is
available from a questionnaire filled by the builglioperator.

Although the original database contains data withhér frequency, daily integrated values for the
energy consumption and the solar irradiation, aretage outdoor temperature have been used in the
analysis. The reason is that daily data is betteretated with respect to dynamic and solar raoiati
effects than higher frequency data due to the thkinertia of the building. The data with higher
frequency in this study is used only for more ipitheview of the building use in order to explair th
results from the daily data analysis.

2.7.4 Method

The global energy balance over a building is givgn

Qloss + Qdyn = th + Qel + Qp + Qsol (1)
Where Q.. is the energy loss through the building envelopéransmission and ventilatio),, is

the dynamically stored/released he@},is the energy provided from the heating system. [Eisé
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three terms on the right are the heat gains respgctrom electric use Q,,), metabolic energy from
people Q,) and solar energy gain€),). Both parts of the equation represent the totakihg need

of the building for the studied period)).
For daily energy balanc, cannot be neglected, as the time constant of Ingidiis in the

magnitude of days. Thus dependence on the predayls operation and outside temperature exists.

2.7.5 Determining of the total heat loss coefficient

The heat losses of the building are proportiondghé&inside-outside temperature difference, soave c
re-arrange equation (1) in terms of power as:

Ktot (T| _To) = th + Qel + Qp + Qsol - Qdyn (2)
Where K
losses,T; and T, are respectively the average internal and extéenaperatures.

ot 1S the total heat loss coefficient of the buildingluding both transmission and ventilation

Using daily data for the energy consumption fortimega electricity, occupation and average outside
temperature, thd,, can be determined from (2) by energy signature,Fgure 2. This technique

does not imply the knowledge of the internal terapme (implicitly supposed constant) and evaluates
the heating loss in function only of the outsideperature. As is usual in this kind of modelingy,

and Qdyn are not known, so these terms are omitted lpgdis estimated from the known terms

instead of the real heat losses. As a result, &z loss coefficient is more imprecise and does not
reflect the real characteristics of the envelopecddinting for the dynamic effect and the solar gain
will lead to improved linearity of the relation beten heat loss and temperature, to obtaining of

higher determination coefficienfR?) for the regression, and thus more precise estisnaitK,, .

2.7.6  Evaluation of the dynamic effect

The dynamic contribution to the total energy foatireg is due to the thermal inertia of the building
and on a daily basis depends on the variationetlerage building mass temperature with respect to
previous days.

As the average building mass temperature variatannot be determined with the available
information (energy consumption, occupation, maikagjical data), the dynamic effect can be
evaluated with respect to the variation of the idetsemperature.

The dynamic effect on the heating energy demanetleged to the effective heat capacity of the
building C_, and can be determined from:

Qdyn = Ceff (Tok _Tok_l) (3)
whereT* andT X! are the average outside temperature of the aatubprevious day respectively.

The effective heat capacity is a quantificatiorire total heat capacity of the building that p@pttes

in the dynamic heat exchange between building awitanment. The effective heat capacity can be
defined and calculated on basis of admittance[@], The admittance is the quotient of the heax flu
and the temperature oscillation at one surfacelfilding component. The effective heat capacity of
the component is determined as the amplitude chdmaittance divided by the oscillation frequency.
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Applied to the overall building using daily intetgd data, the admittance can be approximated from
the oscillation of the heating load in the 24h @érito the oscillation of the average outside
temperature for the same period.

Y='k_Qk—l
Tk_Tk—l
o1 @)

Dividing the admittance from (4) by the oscillatifrequency (1/24h) we obtain the effective heat
capacity of the building:

B Qk _Qk—l
o o (5)

where Q! and Q* represent the total heating need (including endrgyn heating system and
gains) for two consecutive days, k-1 and k, catealdrom (1), without considering the dynamic and

solar terms.
Equation (5) is not an exact equation afyg is determined inversely as the slope of the regwas

line between the nominator and denominator, sear€i@-125. It is a negative slope line, ideally
passing through the centre of the coordinate systenorder to evaluat€_, considering only the

influence from the previous day, from the datahsate been excluded the days for which the energy
consumption in the previous days is very low opaigl, for example on Mondays or on the first day

after the holidays which reflect the dynamic heffi¢a@ of more than one day period. These days
should be analysed separately.

Effective Heat Capacity
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Figure 2-125: Plot for determining af,, (Building #7)

Analysis of the building solar gain

In the present work, centered in the analysis ef biilding energy use from daily data energy
consumption data and without detailed building dpsion, the focus has been placed on the relation
between the global daily solar irradiation on aizantal surface and the total heating demand of the
building.

The solar energy gain contributes to the heatirad land is implicitly reflected in the energy
requirements for heating. In thermally controlladidings it can be supposed that higher solar gain
reduces the heating necessity of the building. Wtter, or nearly zero solar gain, all the necegssar
heating is covered by the consumed commerciallyplgegh energy. On the other hand, solar gain is
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related to the available global solar irradiatiarring the day and can be expected to increase with
higher solar irradiation.

From the point of view of analysis of data integthin a 24h period (including day and night), with
the increased amount of daily irradiation the dalirsolar gain will increase. But, this effect wik
partly offset by the increased radiation lossesnduthe night due to the lower sky temperaturerdyri
clear nights, supposing that the coincidence daraliays with clear nights within 24h period is hygh
probable. These opposite effects will finally gipkace to a net solar gain or loss, which is the
difference between the energy gained during theatad/ the increased losses during the night. The
result for each particular building will dependitslocation, design, orientation and surroundings.

In order to evaluate the influence of the solaadration on the total heat demand, the whole daita s
has been divided in four subsets which corresportifterent ranges of the daily solar irradiatios a
shown below.

Set 0: Solar Irradiation level < 800 Wh/m2

Set 1: 80(< Solar Irradiation level < 2000 Wh/m2

Set 2: 200& Solar Irradiation level < 3200 Wh/m2

Set 3: Solar Irradiation level 3200 Wh/m2

The considerations for deciding the division iringes have been first to assure sufficient datatgoi
within each range, and secondly, to provide swfitistep-change in the solar irradiation levelcas t
assure appreciable differences in the output oatiaysis.

For each of the subsets, a linear regression battheeheat load and the outdoor temperature has bee
obtained. In order to smooth extraneous effecthénregressions and impose physical meaning by
fixing zero energy consumption for the same outdeoiperature for all of the subsets, the regression
lines are generated with the constraint of fixingg@nmon point of the regression lines on the
temperature axis. As a common point, the crosstpithe regression line obtained with the whole
set of data points has been imposed, as showmyurd-2-126.

The particular arrangement of the regression lisiesws the global building energy performance
response to the solar irradiation level and remtsse sort of building “solar signature”.
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1
o
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~ y2=-146.01 x2 + 3276.36, R2=0.788
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Figure 2-126: Total heat loss coefficient deterndity energy signature from sub-sets of data for
different levels of solar irradiation with fixed monon point.(Building #3)
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For the estimation of the solar gain of the buiidihe set of data with minimal solar irradiatiore{®
can be considered as the base set for which the gain is zero. All the other sets (Setl to Sat8)
expected to have higher solar gain, resultingielodemand of energy for heating.

This means that ideally the regression lines ofsigts with higher irradiation level will be situdtm

the graphic lower than those with lower irradiatievel, as in Figure 2-126. In the case that the
regression line of Set0 is situated below the ofi®ts’ lines, this means that with higher irradiati
level the building requires more energy for heatrghat the net solar gain is negative.

The daily net solar gain of the building can nowds¢éimated (see Figure 2-126) from the difference
between the regression line of Set0 and the litketorresponding data set (SetX) to which thiydai
data belongs, calculated for the average outdoapéeature.

Qsol = Qseto - QsetX (6)

2.7.7 Results and discussion

Total heat loss coefficient

The total heat loss coefficient for the 9 buildirgss been calculated from (2) by linear regression
three ways: i) without considering the dynamic a&othr terms (without correction); ii) considering
only the dynamic heat effect calculated from eq. (@ynamic correction only K. )), and iii)

considering the dynamic and solar heat effectautatied respectively from eg. (3) and (6) (dynamic +
solar correction K:.)). The results are presented in Table 2-32 cdledlgper square metre of

tot
tot
building area in order to allow comparison betwtem.

Table 2-32: Values oK,
(b) with dynamic correction only; (¢) with dynanaad solar correction.

and R determined from (a) the initially available dati@heut correction;

without correction ~ dynamic correction only  dynamic + solar correction difference

Building K tot R? Kiot* R K ot™* R 2 (Kiot™- K o)/ Kot
[W/m2K] [-] [Wim2K] [-] [W/m2K] [-] [%]
#1 2,111 0,57 2,202 0,59 2,319 0,73 9,86%
#2 1,586 0,72 1,715 0,77 1,720 0,77 8,45%
#3 0,927 0,48 0,958 0,52 0,891 0,53 -3,86%
#4 0,801 0,38 0,940 0,42 0,880 0,40 9,88%
#5 1,183 0,38 1,209 0,40 1,268 0,47 7,21%
#6 0,758 0,59 0,786 0,65 0,752 0,69 -0,79%
#7 1,231 0,68 1,348 0,75 1,328 0,76 7,91%
#38 1,633 0,68 1,715 0,73 1,685 0,73 3,19%
#9 1,450 0,75 1,558 0,77 1,729 0,80 19,21%

It can be observed that in practically all of tteses the dynamic correction leads to an improvement

of the regression from the perspective of the dditeation coefficient R*) values. The addition of
the solar correction further improves the regressiquality, except in the case of building #4, vehe

the R? slightly descends in comparison to tk¢, determined with the dynamic correction only.
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The regressions obtained with the dynamic and sodarections show increased linearity of the
relationship between the heating need and the outtemperature, as expected. The observed
corrections of the total heat loss coefficienthie majority of cases lead to an increase of thaeval
within the range of 10%, except for building #9 when increase of 19% due to the correction is
obtained

Effective heat capacity

The quantity of dynamic heat accumulated and rett&®om the building depends on the magnitude
of the surrounding temperature variation and thiéitalof the building to exchange heat with the
environment. It is limited to the heat capacitytled materials from which the building is built aisd
always lower than this, due to temperature cyatingr time.

The C,, in this work is obtained by correlating daily igtated values and reflects how the building

heat consumption is affected by the changes optbeious day’s average external temperature. If the
building is intermittently heated during the daigriod, it is exposed to larger temperature vamies]
which are related to the external temperature th@gmount of dynamic heat is expected to be larger
This has been checked using the available higleguémcy consumption data and the calcula@gd

values for the buildings.

Buildings #1, #4, #7, #8 and #9 present clearlgrimittent heating pattern where stopping of the
heating system or reducing its operation to minimduring the non-working hours can be observed.
Building #2 can also be classified as having intdemt heating although exceptions for some weeks
exist where the heating has not been stopped dthiegright. The control pattern of building #5
presents some irregularities but on the generdbdoe classified as continuous. Figure 2-127 shows
the hourly consumption profiles of heating enerdyfaur of the buildings, superposing 6 typical
weekly profiles for each. The profiles represemt tieating mode of the buildings and are related to
the building use. As can be observed from the gaome of the buildings have well defined control
patterns, while others have more irregular opematihe profiles have been evaluated qualitatively,
roughly classifying the heating mode as intermtt@mcontinuous.
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Figure 2-127: Superposed hourly profiles of fuehgamption for heating: six typical weeks for each
building are represented. a), b): intermittent cgteon; ¢), d) continuous operation

In order to obtain comparable values for the arelyduildings, the effective heat capacity,
determined from equation (4) has been normalizedthey net building area. Cross-comparison
between theC_, normalized per building area and the detectedrigeatode is presented in Table 2-

33. The obtained results for tig,, for intermittently heated buildings are considéydtigher (3 to 5
times higher) than those for continuously heateittlimgs. This shows clearly that ti@,, can be

used as indicator for the heating mode of the mgtdcontinuous or intermittent.

Table 2-33: Summary results.

Building Net area Av.daily EUI Kiot*™* Solar fraction Ceif Heating mode
[m2] [Whim2.day] [W/m2K] [%] [Wh/m2K] [-]

#1 2470 659,13 2,319 -3,79% 22,78 intermittent
#2 1969 598,18 1,720 1,85% 26,28 intermittent
#3 340 348,29 0,891 8,41% 4,85 continuous
#4 3845 474,64 0,880 -6,31% 24,26 intermittent
#5 500 389,74 1,268 18,69% 6,61 continuous
#6 516 622,50 0,752 3,91% 6,76 continuous
#7 2773 468,65 1,328 -2,09% 20,58 intermittent
#8 1770 666,37 1,685 -4,78% 18,20 intermittent
#9 4817 416,07 1,729 6,79% 28,91 intermittent

Analysis by level of solar irradiation

The results from the analysis by level of solaadiation are presented in Table 2-34. Here we ean s
the corrected total heat loss coefficient, deteeairby introducing the daily solar gain in the
buildings’ energy balances, and the solar gairhefhiuildings for the analysed period (September —
April), calculated using the method described imp8.3.
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For the present method, the precision in determginiinthe base set with nearly zero solar gain (Set0
is crucial as it is the reference for determinirfgttee solar gain of the building and can influence
strongly the assessment. Analysis with more dataetessary in order to establish the acceptance
criteria. A minimum number of data points in thésets, or fixing minimal value of the determination
coefficient of the regression could be part of¢heeria.

Table 2-34: Ktot determined from subsets of dataddd by level of solar irradiation and
calculated solar gain of the building for the ansdyg period.

Ktot by solar irradiation level, [W/m2K]

Building Kiot seto Kiot sett Kiot set2 Kiot set3 Solar gain
#1 2,31 2,60 2,48 21 -3,79%
#2 1,65 1,63 1,53 1,63 1,85%
#3 1,08 1,04 0,99 0,81 8,41%
#4 0,93 1,03 0,98 0,95 -6,31%
#5 1,65 1,58 1,22 0,81 18,69%
#6 0,41 0,41 0,39 0,36 3,91%
#7 1,35 1,40 1,49 1,24 -2,09%
#8 1,69 1,77 1,77 1,88 -4,78%
#9 1,60 1,52 1,44 1,33 6,79%

The results of the analysis in this study show Hyatising daily integrated data for obtaining tbelt
heat transfer coefficien,,, its value, in general, decreases with the increfske solar irradiation;

and that the heating demand is lower when the swéatiation is higher, which is logical because th
solar gain contributes to the heating.

2.7.8 Conclusions

The present work suggests a simple linear regnedssed method for determining the building’s
total heat loss coefficient, effective heat capaemd solar gain by using daily energy consumption
data. Consequently, introducing the calculated thioand solar gain terms explicitly into the ovéral
energy balance of the building enables an imprduetal heat loss coefficient to be determined. K ha
been observed that the dynamic heat correctiorsléadn improvement of the regression between
energy consumption and outdoor temperature infahecases studied. The addition of the solar gain
correction further improves the regressions, exdéepione of the buildings where the regression’s
determination coefficient slightly decreases.

The analysis of the detailed hourly consumptiorfilref the buildings showed that the thus obtained
effective heat capacity, normalised by the buildinga, is closely related to the building’s openai
pattern and is a clear indicator for intermittentcontinuous heating. Intermittently heated buiggin
present effective heat capacity values from 3 tim®s higher than those heated continuously.

The three parameters - the corrected total hestdosfficient, the effective heat capacity andsblar
gain - can be used as performance indicators fecip benchmarking in order to detect underlying
building operational patterns with available onbilg data. In order to establish clearer criteda f
interpreting of the results, additional studies andlysis of larger number of buildings is necessar
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With the increasing application of smart meteringbuilding energy management systems and for
billing by the utility companies, daily or even htyuconsumption data is available, giving the

possibility to evaluate these energy performandécators in a large stock of buildings without any

additional measurement cost. The analysis can & fos preliminary evaluation of the energy saving

potential and development of energy saving stratefly service companies, or for development of
additional services for utility companies’ customer
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2.8 Experience 8. Experimental estimation of building eergy performance by robust
regression (Synthetic contribution)

(Christian Ghiaus. INSA, Lyon)

2.8.1  Subject of the work

The subject of work is to estimate the HVAC enecgpsumption from hourly or daily data by using
the concept of free-running temperature.

2.8.2 Aim of the work

Estimation of energy performance indexes, suclhadeating curve or the energy signature, requires
robust regression of the heating losses on theooutémperature. The solution proposed in this pape
is to use the range between the 1st and the 3mdilguz the quartile — quartile (g-q) plot to cheit

the heating losses and the outdoor temperature theveame distribution and, if yes, to perform the
regression in this range of the g-q plot. The iteisuh model that conserves its prediction perforcea

for data sets of the outdoor temperature diffeoénhose used for parameter identification. Theusib
model gives the overall heat transfer coefficientl ahe base temperature, and it may be used to
estimate the energy consumption for data sets @fotlitdoor temperature coming from different
locations or time intervals.

2.8.3 Database characteristics

The database contains hourly data for one school:
e Consumed fuel energy (hourly)
» Consumed electrical energy (hourly)
* Number of occupants in the building (hourly)
» External temperature (hourly)
* Global solar irradiation (hourly)

2.8.4  Method/Methods applied for the data analysis

The energy signature of the building is relatethtooverall heat loss coefficient of the building U-
value) which is the mean thermal transmittanceufiobuilding envelope to the external environment
by conduction and by ventilation. Linear regresdiods out a relationship between two variables by
fitting a linear model to observed data. The regmsmodel of heating load as a function of outdoor
temperature and the frequency of occurrences afoouttemperature may be used to estimate the
energy consumption. The assumptions made for lireggession are that the outdoor temperature has
a normal distribution and that the heating loaa random variable of mean.

The above conditions are not satisfied in realasituns: the building is not air-conditioned at a
constant temperature for the whole range of thelamrt temperature. Consequently, the outdoor
temperatures which correspond to the heating peld@d not have a normal distribution.

A robust regression based on quantile — quantdé iplproposed to mitigate this problem (quantiles

indicate the number of elements of a random vagittidt are in a given range).
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2.8.5 Main results

Many modern buildings are equipped with Buildingekgy Management Systems (BEMS) that
control the indoor temperature and record the gnesgsumption and the outdoor temperature. These
data may be used to assess the energy performéribe building, such as the heating load as a
function of the outdoor temperature. This relatinay be used to evaluate the overall heat transfer
coefficient of the building represented by the slap the heating load.

2.8.6  Related publications

C. Ghiaus (2006) Experimental estimation of buidienergy performance by robust regression,
Energy and Buildings, 38, pp. 582-5987
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2.9 Experience 9: Equivalence between the load curve drihe free-running temperature in
energy estimating methods (Synthetic contribution)

(Christian Ghiaus. INSA, Lyon)
Synthetic contribution is missing

2.9.1 Related publications

C. Ghiaus (2006). Equivalence between the loadecand the free-running temperature in energy
estimating methods. Energy and Buildings 38 (2CZ)-435
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2.10 Experience 10: Mining Hidden Patterns from Real Meaured Data to Improve Building
Energy Performance (Synthetic contribution)

(Zhun (Jerry) Yu, Fariborz Haghighat)

2.10.1 Subject of the work

In order to mine hidden useful knowledge aboutdind energy performance improvement from
measured building-related data, we proposed anatidata analysis process and a systematic data
mining framework within the building engineeringrdain. For demonstration purposes, a number of
efficient data analysis methodologies were developased on the framework to account for the
interactions between building energy consumptiod & influencing factors. These methodologies
were applied to 80 Japanese residential (bothesifaghily and multi-family houses) which are located
in six different districts of Japan.

2.10.2 Aim of the work

* To develop a new data analysis methodology of &skaig reliable building energy demand
models, which are interpretable and can be easigd lbby common users without a priori
knowledge in advanced mathematics and statistics.

* To develop new data analysis methodologies foryatigdbuilding occupant behavior, such as
quantitatively identifying the effect of occupanéHavior on building energy consumption,
and identifying occupant behavior that needs tabdified.

2.10.3 Database characteristics

Number of Buildings80 residential buildings distributed in six diéat districts in Japan
House typeboth single-family and multi-family

Period Dec. 2002 to Nov. 2004

Measured dataenergy data + indoor environmental data (tempegatrelative humidity)
End usersthree-level classification

On-line databaseavailable (energy indicator: secondary energy)

2.10.4 Method/Methods applied for the data analysis

 Based on the decision tree method, a new methogdimg establishing building energy
demand predictive models was developed.

* Based on a basic data mining technique (clustdysisg a new methodology for examining
the influences of occupant behavior on building rgmeconsumption was developed.
Moreover, to deal with data inconsistencies, minemarmalization was performed as a data
preprocessing step before clustering. Grey relatignades, a measure of relevancy between
two factors, were used as weighted coefficien@iféérent attributes in cluster analysis.

» Based on three basic data mining techniques: clastalysis, classification analysis, and
association rules mining, a methodology for idemti§ and improving occupant behavior in
existing residential buildings was developed. Esd-lpads were divided into two levels (i.e.
main and sub-category), and they were used to @eclucesponding two-level user activities
(i.e. general and specific occupant behavior) galy. Cluster analysis and classification
analysis were combined to analyze the main endeagks, so as to identify energy-inefficient
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2.10.5

2.10.6
[1]

[2]

[3]

general occupant behavior. Then, association mutre mined to examine end-use loads at
both levels, so as to identify energy-inefficiepesific occupant behavior.

Main results

A new methodology for establishing building energgmand predictive models was
developed. The developed model estimates the hgilelnergy performance indexes in a rapid
and easy way. This method’s advantage lies in thktyato generate accurate predictive
models with interpretable flowchart-like tree stiwres that enable users to quickly extract
useful information. To demonstrate its applicapjlithe method was applied to estimate
residential building energy performance indexesnmmdeling building energy use intensity
(EUI) levels (either high or low). The results demtrate that the use of the decision tree
method can classify and predict building energy ainlevels accurately (93% for training
data and 92% for test data), identify and rankifigant factors of building EUI automatically.
A new methodology for examining the influences otwupant behavior on building energy
consumption was developed. To demonstrate the cayility of the proposed method, the
method was applied to a set of residential builglimgeasurement data. The results show that
the method facilitates the evaluation of buildingelgy-saving potential by improving the
behavior of building occupants, and provides mattited insights into building energy end-
use patterns associated with the occupant behavherresults obtained could help prioritize
efforts at modification of occupant behavior in erdo reduce building energy consumption,
and help improve modeling of occupant behaviorimarical simulation.

A methodology for identifying and improving occupabehavior in existing residential
buildings was developed. In order to demonstrageajiplicability, this methodology was
applied to a group of residential buildings in Japand one building with the most
comprehensive household appliances was selectigi asse building. The results show that,
for the case building, the method was able to ifletite behavior which needs to be modified,
and provide occupants with feasible recommendatismsthat they can make required
decisions. Also, a reference building can be idiedtifor the case building to evaluate its
energy-saving potential due to occupant behaviodification. The results obtained could
help building occupants to modify their behavidrereby significantly reducing building
energy consumption. Moreover, given that the predomethod is partly based on the
comparison with similar buildings, it could motieabuilding occupants to modify their
behavior.

Related publications

Z. Yu, F. Haghighat, B.C.M. Fung, H. Yoshino. A @gen tree method for building energy
demand modeling. Energy and Buildings. 42(10) (2@0 1637-1646.

Z. Yu, B.C.M. Fung, F. Haghighat, H. Yoshino, Edd/&iorofsky. A systematic procedure
to study the influence of occupant behavior onding energy consumption. Energy and
Buildings. 43(6) (2011) pp. 1409-1417.

Z. Yu, F. Haghighat, B.C.M. Fung, H. Yoshino, Edwaviorofsky. A Methodology for
identifying and improving occupant behavior in desitial buildings. To appear in Energy
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3. Statistical analysis of national building stock

3.1 Introduction

Statistical analysis of national building energynsomption is aimed to define a general overview of
the energy end use due to the construction seatonational level. Actually, the knowledge of
national building energy use has remained undegsitigated, due to a lack of information regarding
the overall characteristic. With the aim of builglistrong national databases, national agencies and
institutions (CBECS in the U.S., MOHURD in ChingABULA in Europe) have gathered real energy
use data and physical characteristics on the ratlonilding stock. Specifically, China has collatte
data of government office buildings and large-stalemmercial building [1], U.S. has built a natibna
sample database of commercial buildings [2], wherd® European countries have collected data
characterizing national building residential st¢@k

Subject of the task is to collect and subsequetlglaborate data characterizing national building
stock in order to offer a realistic interpretatioh typical building energy consumption. Different
approaches have been tested and used for the siegadiatistical analysis.

Wei, Xiao and Jiang [1] adopted two statisticalesssh methods: boxplot and key statistical
parameter of energy use data and frequency dititib@nalysis. Both these two approaches have
been presented as effective and suitable for fuamadysis and international comparison. Database
characteristics have been gathered based on régiomarnment website releases and included Gross
Floor Area (GFA) and annual electricity consumpsiqiexcluding district heating) of 4600 offices
buildings. Cluster analysis showed that the averaggonal stock electric consumption is 107
kWhe/nfa for business office buildings and 67.6 kWh@or government office buildings.

Hong and Wang [2] analyzed utility bills (monthipexgy use for electricity and natural gas) of the
CBECS U.S. sample survey and broke them down in&rgy end use for commercial building
national stock. Statistical regressions and engingemnodeling approaches were used to estimate
national end use based on consumption data. Aveeagegy consumption for the commercial
buildings in the U.S. - emerged from monthly regres models of 1518 gathered buildings - is 292.6
kWh/m?, whereof the single largest part (35.3%) is duspace heating.

The European project TABULA (Typology Approach f&uilding Stock Energy Assessment)
presented by Tala [4] and Becchio, Corgnati, Ballaand Corrado [3] aimed to create a
homogeneous database for European Residential iByilflypologies. The research tested three
statistical methods with the final goal to estim#te energy consumption of residential building
stocks and therefore, to predict the potential gnefficiency measures impact of benchmark models
at national level (singular evaluation for each dp@an country participating in the project). These
methodologies shoot for the enhancement of thengiateimpact of energy saving measures and
carbon dioxide reduction, by means of the seleatiothe more adequate energy retrofitting strategie
and interventions in existing buildings [3] [4]. Mel calculations aimed to estimate the energy gavin
potential of national residential building stoclEnérgy Balanced Method) were developed by four
countries (Denmark, Germany, Italy and Czech Repubdépresentative of main European climatic
regions, by using the national EPBD asset ratinthatk[3]. Moreover, the same modeling method
(EBM) can be possibly extended for the energy parémce assessment of the whole national
building stock.
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For each country, two levels of building retrofiesg considered: (a) standard refurbishment, apgplyin

standard national measures; (b) advanced refurleishnapplying the best national technologies
available [4]. Specifically, Italian database caméa records for more than 66.000 houses ratedscro

Piedmont region and gathered information on physidaaracteristics and calculated energy

requirements of single houses. On the base of timdEpendent variables elaborated by means of
statistical analysis (location, age, form of thdlding), a total of 84 building types (archetypes)

representative of the Italian residential buildgtgck were generated [4].

All these kind of approaches, which use statisteallysis of national building stock sample, arg/ve
effective. As a matter of fact, average predictiohgnergy consumption at national level are made
available. Public existing building energy use remained for a long time at a micro-perspectije [2
due to a lack of shared definitions and outdatéarimation [3]. Nonetheless the development and the
statistical analysis of strong national energy-d@&sets, could be one element towards a moretrobus
estimation of the overall energy consumption ofriagonal building stocks.

References (contributions to the Annex 53)
[1] Experience 1: Qingpeng Wei, He Xiao, Yi Jiang, Na#il Database of Office Building Energy
Use in China

[2] Experience 2: Tianzhen Hong, Liping Wang. The UG mmercial Buildings Energy
Consumption Survey (CBECS)

[3] Experience 3: Cristina Becchio, Stefano P. Corgrkiia Ballarini and Vinecenzo Corrado,
Energy saving potentialities by retrofitting ther&pean residential sector

[4] Experience 4: Novella Tala. National/Regional irigegion level, Single & Multifamily houses
in Italy
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3.2 Experience 1: National Database of Office Buildingenergy Use in China

(Qingpeng WEI, He XIAO, Yi JIANG. School of Architecture, Tsinghua University,
Beijing, China)

3.2.1 Introduction

There is a very limited scope survey of energy iaspublic buildings [1], instead of small scaled
investigations, case studies or scenario analysi€hina. Thus, the knowledge of public building
energy use always remains at a micro-perspectiekjrlg the understanding of overall characteristics
on a regional or national level. In order to budldtrong energy data collection system and improve
certain problems, the Ministry of Housing and Uriural Development (MOHURD) has set up a
long-term strategic plan [2] to gather and colleal energy use data of governmental office bujjdin
and large-scaled commercial buildings in dozendemfionstration provinces, cities and municipalities
from 2007. The first round data opened to the pulbks analyzed in this study. This research ofiers
realistic interpretation for office building energyse in China, studies its statistical distribution
characteristics.

The initial 24 demonstrated provinces, autonomegsons, municipalities under direct control of the
Central Government and cities with separate budigeis the central finance have distributed their
surveyed data for governmental offices and largéesc commercial building since 2007. The
surveyed data includes Gross Floor Area (GFA) andual electricity consumption (total value
including lighting, office appliances, lift, escadg, HVAC system, circulating pumps, and electrical
heating (not including heating energy use whichscomes natural gas, steam, etc., including heating
energy use of electrical heater, electrical boiletig.), and other electrical devices energy use,
excluding district heating) of each building (EWiceé DH), which have been released on regional
government website by the end of 2007 and gatheFbdse data is distinguished by region or
building primary activity, used to calculate thatsttical characteristic value (such as median or
quartile value), to analyze the dual sector feahyreluster analysis and to calculate Gini-coeéiidi

by each city what follows in this research.

3.2.2 Database characteristics

» Building activity: governmental or business offtweilding

* Energy data period: January 2007 to December 2007

» Contents: building name, building GFA, annual &leityy consumption

* Interval: annual

» Total sample number: 4600 office building in 13estor provinces (detailed info is shown in
Table 2-35)

* Online database: the local department of constmatiebsite releases the data online, but the
information is written in Chinese

» (For example, Tianjin-
http://www.tjcac.gov.cn/jzjn/detail.asp?articleiB8B&classid=1&parentid=0

Table 2-35: Summary of key data information and@eng size
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City/Province Urbar.1 Ann_ual per City Initial sampling size
population| capita GDP | HDD18 | CDD26 1 )
code - . scalé” | Total | Business| Governmental
(million) | ($USD/capita)
A 14.9 10871 2616 103 SL 136 52 84
B 12.4 12188 1648 203 SL 861 601 260
c 6.0 9655 2709 116 SL 892 228 664
D 25 6352 289 365 EL 611 241 370
E 5.4 5478 1549 286 SL 467 75 392
F 6.1 5381 1276 60 SL 315 129 186
G 4.3 6904 1684 151 Province 76 N.A® N.A
H 2.7 7759 1481 213 EL 172 N.A N.A
[ 35 3293 2135 167 EL 115 54 61
J 2.4 7415 2743 61 EL 226 N.A N.A
K 1.2 2456 495 291 L 72 N.A N.A
L 2.6 5187 605 274 EL 597 57 540
M 3.4 2971 105 469 Provincg 133 N.A N.A

Note: (1) SL: super large, the urban populatiothefcity is larger than 4 million. EL: extra larghe
urban population of the city is larger than 2 roifli L: large, the urban population is larger than 1
million. (2) N.A: Not available. Province G, M ar@gity H, J and K, there is only the total number of
office building instead of the breakdown of busgesid governmental ones separately. (3) electric
consumption includes lighting, office appliancé®, €scalator, HYAC system, circulating pumps, and
electrical heating (not including heating energg which consumes natural gas, steam, etc., ingudin
heating energy use of electrical heater, electhoder, etc.), and other electrical devices enersg.

3.2.3  Methodology

Frequency distribution

To divide the energy use data into groups and ebgbe frequency distribution features of EUI excl.
DH in 13 selected cities or provinces, the intemwwak determined as an empirical equation given by
H.A.Sturges:

K :1+|g—n

g2 , Where n=sampling size of each city or province.
At the same time, the polynomial fitting methodajsplied to approach the frequency distribution of
electricity consumption data, as shown on FiguE3@- The blank column illustrates the sampling
size within each EUI range, while the blue solitklirepresents the curve fitting using a polynomial
with 4th order.

Cluster analysis

Cluster analysis (CA) is a multivariate statistitathnique which can group the observations into
classes or clusters so that the greater the horedggesithin a group and more distinctions between
groups can be easily seen. This method can help gst a better understanding of the dependencies
existing among a set of inter-correlated variables.
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The traditional Agglomerative Hierarchical Clusteyi Method, which starts with the points as
individual clusters and, at each step, mergingdbsest pair of clusters, has been proposed in the
study to determine the reasonable classificatiomfi€e building EUI in each city or province in
China.

Samples were defined as (xi, yi) in which xi andrgfier to EUI and GFA of each building sample
respectively. The gravity of each cluster was dated according to equations below, where i
representing each building and N representing totainber of building samples. It could be

considered as a “typical building” representingrelsteristics of each cluster.
N

D (EUI, xA)
EUl, g = F—F— Equation (1)
2 A
i=1
3 (EUI, xA)
GFA, = 2—F— Equation (2)

D EUI,
i=1

3.24 Results and discussion

Boxplot

By creating box plots of annual Electricity Useedmsity excluding District Heating (EUI excl. DH),
the maximum and minimum intensity of each city myince is compared, as well as thd'agd 7%’
percentile limits, as presented in Figure 2-128 241@9.

Two significant features are summarized:

The median EUI excl. DH of City-A and City-B is dbusly higher than other cities or provinces.
While City-I is general lower than that of the atheTake a business office building for instanbe, t
median is 107.0 kWhe/(ma) in City-A and 89.8 kWhe/(fra) in City-B, which is obvious higher than
33.4 kWhe/(rfia) in City-I.

The EUI excl. DH of first-tier cities is generalghier than the one of second-tier cities; governaient

office buildings are lower than business officeldings.
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Figure 2-128: Box plot of annual electricity uséensity (excluding district heating) of governménta
office buildings in China
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Figure 2-129: Box plot of annual electricity useeinsity (excluding district heating) of businedicef
buildings in China
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Figure 2-130: Frequency distribution and polynonfitting plot of electricity use intensity (excl.
district heating) of business office building ipial cities or province

Figure 2-130 illustrates a unique distribution €gatof business office buildings’ EUI excl. DH in
China, which the majority of are centralized oveloaer energy range, while the minority of are
distributed at a higher energy range. The polynbmiave of electricity consumption data appears to
have double peaks, the phenomenon observed bastu ¢erge sample survey is defined as “Duel
Sector Model”, which exists extensively among tBecities selected in China. The following Figure
2-131 presents the frequency distribution of officéldings in two typical Climate Zones (CZ) in the
United States. The sufficient data contains 6,88i€eo building samples nationwide, which was
selected from the Commercial Buildings Energy Comstion Survey (CBECS) database [3]. The
Skewness ad Kurtosis test has been applied inttly,sand results shows that the EUI of office
buildings in the United States appears the “Riddeiased Single Peak Distribution” feature, which is
widely different from China.
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Figure 2-131: Frequency distribution and polynonfifting plot of electricity use intensity of offic
building of climate zone 1 and 3 in the United &at

Besides China and the U.S., the statistical digtidin feature of office building EUI in Japan also
captures our concerns. The Japanese Associatio®ustainable Development has developed the
Database of Energy Consumption of Commercial Bogd{DECC) [4], which consists of basic
information and monthly energy consumption data4fb000 commercial buildings, including 2,339
governmental office building samples and 2,951 tess office building samples all over the country.
After the check of statistical data of DECC, a ka@f5104 valid samples are analyzed. The median
EUI of governmental office building is 85.4 kWhef(s) (only the electricity consumption, not
including heating and cooling use, such as heatléonestic hot water or steam), 146.2 of business
office building fall below the median, and the age by type is very close to the median. The result
of the Kolmogorov- Smiromov (K-S) normality testdinates a normal distribution for EUI of office
buildings in Japan, as seen in Figure 2-132.
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Figure 2-132: Normal distribution for electricityse intensity of office building in Japan

The EUI of office buildings in the U.S. and Japas lthe “Single Sector Distribution” feature instead
of the “Duel Sector Distribution” characteristics seen in China. However, slight differences exist
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between the U.S. and Japan. The former shows R&kewness, but the latter one shows a normal
curve. The order of EUI from smallest to largestGkina, Japan and U.S. What needs to be
emphasized is that the EUI in office buildings ihita does not include district heating but does

include some packaged electrical heating equipinetgad.

Cluster analysis
Typical results of the cluster analysis in two tghi cities are shown in Figure 2-133. Several

conclusions can be summarized, including:

Two clusters in each city or province were ideatifbased on the analysis, which confirms the simila
phenomenon on frequency distribution analysis. dis&ance of two gravities illustrates the differenc
of two clusters, and the gravity itself represehe&senergy intensity of the cluster.

The gravity of first-tier cities is usually largéran that of second-tier cities. The gravity of llieu
clusters in each city is shown in Table 2-36. Fstance, the two cluster gravities of businesceffi
buildings in city-A is (39, 95.1) and (122, 117.@kile the two gravities of city-F are (14, 61.8)da
(58, 65.3), the first figure represents GFA, aralltiter one refers to EUL.

The gravity of government office buildings is uduamaller than that of business office buildings,
shown in Table 2-36, which means that governmefiteohbuildings are smaller and less energy

intense consumers than business office buildings.
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Figure 2-133: Cluster Analysis of EUI excl. DH afdiness and governmental office building in

typical cities

Table 2-36: Gravity of clusters in each city or pirce

City A B C D E

Indicator BO GO BO GO BO GO BO GO BO GO

GFA thous.n 39 27 25 3 10 4 37 3 3 5
Cluster 1 .
! [E)ﬁ' el Whel(nf.a) 951 658 93.6 804 68.9 653 625 33.5 59.6 48.2
GFA thous.d 122 75 97 31 51 58 118 36 33 25
Cluster 2 .

u Eﬁ' excl |\ Whel(nh.a) 1172 72.4 149.8 87.5 70.0 61.6 714 37.8 59.0 59.3
City | L F G K J M
Indicator BO GO BO GO BO GO O O GO O

GFA thous. 20 3 16 4 14 4 7 4 3 7

Cluster 1 .
uster Eﬁ' el Whel(nf.a) 509 387 561 385 61.8 52.8 84.0 48.7 355 39.0
GFA thous. 51 5 45 17 58 14 28 26 13 13

Cluster 2 .
uster Eﬁ' el Whel(nf.a) 788 49.3 809 595 653 68.6 121.7 71.0 58.3 69.8

3.2.5 Conclusions

This is the first chance to collect such a largeoamh of office building energy use survey data in
several cities in China. Based on those samplesEthl excl. DH was analyzed in typical cities in

China. Take city-A for example, the most well-deyedd city in China, the range of business office
building EUl was from 62.1 to 166.9 kWhef@), with an average of 107.0 kWhe/(m2.a); and from
23.0 to 136.6 kWhe/(m2.a), with an average of &\Mhe/(nf.a) for government office buildings.

A frequency distribution analysis, as well as polymal fitting method was conducted. It was found
that the EUI of office buildings in China have ague “Dual Sector” characteristic, which means a
large proportion of buildings distributed at th@ga with smaller EUI while there always existing a
small proportion of buildings with a higher EUI &y This feature was definitely different from the
U.S and Japan. By analyzing national CBECS suratg,dhe EUI frequency distribution in the U.S.
was found to be right-skewed single-peak. While Eidl distribution in Japan, based on DECC
investigation data, fitted normal distribution.

Furthermore, cluster analysis of “GFA” together WHEUI” for office buildings in China was
considered. Two clusters in each city or provinteChina were identified based on the traditional
Agglomerative Hierarchical Clustering Method. It svbound that the gravity of first-tier cities is
usually higher than second-tier cities and busiregBses are higher than government offices. The
slope and distance between two gravities was @iftefrom each city or province, reflecting the
interregional disparity in China.
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Due to the national database of office building€mna only provides the GFA and annual electricity
consumption, it is very difficult to study the o@ant behavior’'s impact through statistical research
However, the statistical research method usedigghper is effective and suitable for application.
Two key methods can be adopted in the future aisatysinternational comparison: Boxplot and key
statistical parameter of energy use data. Due tst miothe national energy distribution is not nokma
distribution, thus, average are not suitable famparison. Five key statistical parameter, including
median, 3/4 quartile, 1/4 quartile, maximum and imim are more objective to depict the
distribution feature of the data. Boxplots like @hig 2-128 and Figure 2-129 is clear and
comprehensive to illustrate those five parameters.

Frequency distribution analysis. Huge differences appeared after comparing the frequency
distribution of China, Japan and U.S. For undeditap the regional or national statistical feature,
frequency distribution analysis can be used. Ségaatistic software has the function of Kolmogorov
Smiromov (K-S) normality test, such as SPSS 13,@&t&®

3.2.6 References
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3.3 Experience 2: The U.S. Commercial Buildings EnergZonsumption Survey

(Tianzhen Hong, Liping Wang. Lawrence Berkeley Natinal Laboratory, USA)

3.3.1 Introduction

Although no one building type dominates the commaéitauildings sector in the US, office buildings
are the most common and account for more than 80QQildings or 17 percent of total commercial
buildings. Offices comprised more than 12 billioquare feet of floor space, 17 percent of total
commercial floor space, the most of any buildingetyThe aim of the work is to describe the data
analysis method employed by the CBECS 2003 that titity bills (monthly energy use) and broke
them down into energy end uses for office buildings

3.3.2 Database characteristics

CBECS is a national sample survey, developed byJtlse Energy Information Administration, that
collects information on the stock of U.S. commdrdimildings, their energy-related building
characteristics, and their energy consumption axmerditures. Commercial buildings include all
buildings in which at least half of the floor spaseised for a purpose that is not residential,gtdal,

or agricultural, so they include building typestth@aght not traditionally be considered "commergial
such as schools, correctional institutions, anddimgs used for religious worship. The building
survey covers many topics — building size and og&ership and occupancy; energy sources, uses,
and equipment; energy consumption and cost. The@3Btwas first conducted in 1979; the eighth,
and most recent survey, was conducted in 2003. 22 CBECS interviews will be conducted
between April 2013 and September 2013. CBECS isently conducted on a quadrennial basis. The
sample size is historically in the range of 50007600 buildings across the country which were
statistically sampled and then weighted to repreten entire stock of commercial buildings in the
U.S. For CBECS 2012, the overall building sampke $& increased to 8400 buildings. There are 878
office buildings surveyed in the 2003 CBECS.

3.33 Method

The energy end-use consumption tables for 2003 CBp@vide estimates of the amount of

electricity, natural gas, fuel oil, and districtabeused for ten end uses: space heating, cooling,
ventilation, water heating, lighting, cooking, tig&ration, personal computers, office equipment
(including servers), and other uses. There arelfasit steps in the end-use estimation process:

* Regressions of monthly consumption on degree-dayestablish reference temperatures for
the engineering models,

» Engineering modeling by end use,

» Cross-sectional regressions to calibrate the eegimg estimates and account for additional
energy uses, and

» Reconciliation of the end-use estimates to the CBIfal building energy consumption.

Monthly Regression Model

Monthly consumption data were available for 1,51BECS buildings for electricity and 1,021
buildings for natural gas in the 2003 building séespThese data allow us to analyze the dependence
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of consumption on temperature. The degree-day tereme calculated for the periods defined by the
actual meter-read dates each month for each casereBults of the analysis determine appropriate
degree-day bases for modeling heating and cootiegyg use.

For each of the monthly data cases, we fit a mofitde form

Ym =0n + Bh hm(rh) + Bc Q"I”I(TC) + €m

Where
* Y, =consumption per day for month m
+ T, = heating degree-day basis that maximizes the seigne's R
« 1. = cooling degree-day basis that maximizes the ssipa’s R
* hy(Tty) = heating degree-days per day bas®r month m
* cm(Te) = cooling degree-days per day baséor month m
e &, =residual error
*  Om, PBn Bc = regression coefficients

The regression iteratively searches for the dedegebases;, andt. that give the best’Rand uses the
corresponding coefficients,,, B, B¢, from the regression with these bases. Theseharenaximum
likelihood estimates.

Engineering Models for End Use Estimates

The engineering end-use models in the end-use a&stim procedure were from ASHRAE,
llluminating Engineering Society of North AmericdEENA), and other standard engineering
handbooks. Parameter values came from these hakellaal from large-scale field studies of
commercial buildings.

a) Space Heating and Cooling

The heating and cooling models estimate the eneogygumption of heating systems (primary and
secondary) and cooling systems for all energy ssurthe models account for building heat loss (or
gain) as a function of the building’s weighted ag® conductance and heating (or cooling) degree
days. The model accounts for ventilation heat (osgain) as a function of the volume of exterrial a
brought into a building each day, the temperatifferénce between the outside air and the inside ai
and the heat capacity of air. Starting with CBEGfrmation on the equipment type and estimated
percentage of heated or cooled floor space, theem@dies on average estimates for equipment
efficiency, and on calculations for conduction aedtilation losses (or gains).

To estimate heating and cooling consumption, thggnerering sub-models make use of degree-days.
Generally, the form of degree-day calculationssisadlows:

Heating = Heat Loss Coefficient * HDD / Efficiengyiing

Where
 HDD is a term for heating degree-days
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» Heat Loss Coefficient is a term that encompassedilagon and conductive losses for a
building
» EfficienCyheaingiS heating efficiency

For cooling, cooling degree-days are used, alorij wooling equipment efficiencies. Also, because
outdoor temperature is higher than the set indeoiperature, infiltration and conductive ‘losses’
result in net gains that increase load.

By incorporating combining the HDD and CDD termghwihe heat loss coefficient and separating
ventilation losses from conduction. The resulfioign is:

Heating = (LOSSing + LOSSeny) / EfficienCyeating

Where
*  LOSSsing is heat loss from the building due to conductameguding HDD
» Lossentis heat loss from the ventilation system’s intakexternal air, including HDD

Cooling = (GaiRang + GaiNRen) / EfficienCytooiing

Where
* Gaingng is heat gain from the building due to conductamueuding CDD
» Gaingen is heat gain from the ventilation system’s intakexternal air, including CDD.

65°F (18.33°C) is a commonly referenced degreefulse. However, buildings may vary in their
internal gains. Therefore, rather than using tB&F6(18.33°C) base, the engineering model uses
modified degree-day bases, as informed by the rhorggression models.

b) Ventilation

The engineering model for ventilation estimategpdppnd return fan energy use. The model accounts
for differences in static pressure by system type lay building floor space. Typical meteorological
year data helped develop estimates of variableairme energy factors by climate zone.

The ventilation engineering submodel estimates Iyuppd return fan energy use. At its most basic,
the equation for ventilation energy use is as fodio

1,000CFMV [VentHrsC365C WG
8,520 VentEff

Ventilation =

Where
« CFMV = total ventilation air volume minute),
* VentHrs = ventilation system operating hours,
* WG = static pressure (inch of water gauge, WG),
e 8,520 = conversion factor iftn/min-kW),
* VentEff = ventilation efficiency.

The submodel uses this form to develop estimatesujoply and return fan energy, for a
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VentilationTotal = VentSupply + VentReturn (6)
Where

* VentSupply = supply fan energy, and
* VentReturn = return fan energy.

To estimate total ventilation air volume, the modelies on the external air ventilation volumes

discussed in the heating and cooling submodelmfldtes these values for some central and package
HVAC systems by assuming that the outdoor air va@usi25 percent of the total air flow rate, except
for labs where it is 100 percent. For heat pumpesys, the model assumes a central ventilation
system that circulates fresh air. The model alsmaats for differences in static pressure by system
type, and by building floor space.

c) Lighting

The lighting model estimates electricity consummptivom internal and external lighting for all
building types. The model calculates energy use fastor of average lamp power per floors pace and
average annual operating hours. The interior lighportion relies on information from CBECS on
percentage floor space lit by each lamp type, amitHing operating hours. The model assumes
average lamp system efficacy (lumens per watt) dach lamp type, and recommended average
illuminance levels by building type.

Lighting = LightingInterior + LightingExterior (7

The submodel calculates energy use as a factoveyhge lamp power per floorspace and average
annual operating hours. The interior lighting port relies on information from CBECS on
percentage floorspace lit by each lamp type, anftlihg operating hours. External assumptions
include average lamp system efficacy (lumens pett)wWar each lamp type, and recommended
average illuminance levels by building type. Theedor lighting portion assumes a fixed average
power density per lamp type, by exterior lightimpkcation: exit signs, exterior architecture, pagk
exterior signs, and exterior landscaping. Averagerual operating hours by building type are also
assumed.

LightingInterior = OpHrs * SgFt * LPT (8)

Where
* OpHrs = annual operating hours (hrs),
« SqFt = building floor space it
> IL,OLampR+ LampLPW

LampTypé
. LPT — Buildingtypeb ,
Where
o 1Ly = recommended lighting illumance levels by buitglitype (lumens),
e LampR = percentage of floorspace lit by a lamp type, (%)
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« LampLPW = average system efficacy, accounting for fixtweficiency and lumen
degradation over time (lumens per watt).
> OpHrs, OPwr

ExteriorLghtingTypei
. LightingExterior — Buildingtype,b

Where
* OpHrs, = annual operating hours, by building type (hrs),
* Pwri = weighted average wattage per square foot byiexleghting category (W).

CBECS information on percent lit by each lamp tgmes not sum to 100% because of overlap in
lighting types for given applications. However, éstimate lighting consumption, the submodel
renormalizes these percentages to develop avelagyessof lighting types. To estimate average
system efficacies, the model chooses typical laamgl pallast) systems for each lighting category. |
addition, it considers the presence of speculdeatefrs, which it estimates as improving light autp
by twenty percent. The presence of electronicatdl indicated which type of fluorescent lamp was
present, T12 or T8.

d) Office Equipment

The office model estimates electricity consumpfiamm office equipment for all building types. The
model divides office equipment electricity consuimptinto four components. One division separates
office electricity use into computer equipment warsther office electric loads. Computer equipment
includes PCs, monitors and printers. The non-coerpaised equipment includes copiers, faxes, cash
registers, and servers. The other division separafiéce electricity used during building on-hours
from electricity used during building off-hours.

Office = OfficePCOn + OfficePCOff + OfficeNonPCOnGfficeNonPCOff;

Where,
» OfficePCOnN = energy use of PC’s, printers and neesitluring building on-hours
» OfficePCOff = energy use of PC’s, printers and rtansi during building off-hours
» OfficeNonPCOn = energy use of servers, faxes, copied cash-registers during building off-
hours
» OfficeNonPCOff = energy use of servers, faxes, espand cash-registers during building
off-hours.

e) Water Heating

The water heating model uses system efficiency dovert water heating load to total energy

consumed, where the load is the amount of energglateto heat a given amount of water to a given
temperature. Additional energy is used in systemihvdistribute hot water throughout the building

or systems with storage tanks. To account for #rgation in energy use by system type, the model
uses indicators about equipment type and whetremiter is supplied by instant-heating types to
determine whether storage and distribution are.used

Water Heating = Load / WHEff = [(FTouw) * GPD * C, * C, * Days] / WHETf,
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o T = inlet water temperature (°F)

e Tou = temperature of delivered water (°F)

e GPD =gallons of water used per day (gallon/day)
« Days =days peryear (day)

+ Cy = the specific heat of water (btu/lb°F)

e G = the density of water (Ib/gallon)

WHEff = system efficiency (%)

f) Refrigeration

The refrigeration submodel calculates electricipnsumption from commercial refrigeration. The
submodel relies predominantly on end-use intensiyimates, by building type, from CEUS.
However, it also incorporates CBECS informatiorttoe number of refrigerators.

Refrigeration = x_EIRf * m_MonUse/12 * 1000 * RFUWs# x_RfEIPerUnit

Where
* X_ELRf=0, 1 depending on whether refrigeratiomdicated with RFGEQPS,
* m_MonUse/12 = fraction of the year the buildingagen (%), m_MonUse is based on
MonUse8 where present, or defaults to 12 whereingjss
» 1000 = conversion factor to convert kilowatt-hotorsvatt-hours
* RFUnit = total number of refrigerator units in loiiig =
* m_RFGCLN + m_RFGOPN + m_RFGRSN + m_RFGVNN + mGRHN,
» and x_RfEIPerUnit = x_RfEIEUI / x_RFDensityBldng,

Where
» SqgFtRf = SqFt8 * x_EIRf,
D RFUnits
CEUS_BType
> SqFtRf

« RFDensity = CEUS_EType

g) Other

The electricity and district heat models rely ogjiaerering estimates. Since many types of equipment
use electricity, CBECS does not explicitly ask liatricity is used for unspecified “other” uses of
electricity. Therefore, the engineering model eates “other” electricity use by applying the CEUS
(2005 California Commercial End-Use Survey) intgasi for miscellaneous, process equipment,
motors, and air compressors to the CBECS floorsp@lkese estimates were then adjusted for the
number of months of building operation per yeanc8idistrict heat is primarily used for heating,
water heating, cooling, and cooking end-uses, whiete explicitly modeled, and given the relatively
small number of cases and lack of information, thstrict model does not calculate “other”
consumption. For fuel oil and natural gas, the rhdde other energy use is based on regression
estimates.

Cross-sectional Regressions
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Cross-sectional regression models were used tbratdi the natural gas and fuel oil engineering
estimates. The cross-sectional regression modelsatoral gas were fit with consumption per square
foot as the dependent variable and the indepengeizbles were defined on a corresponding scale.
Besides the engineering estimates, independerdblesi included dummy variables for the presence
of a laundry, cleaners, or central plant, and thcate natural gas use for manufacturing or elgotri
generation. Additional dummy variables were definedndicate whether natural gas or some other
fuel was used as a secondary heating source iouilding.

The cross-sectional fuel oil regression models vigre@ith CBECS consumption per square foot as
the dependent variable. The independent varialiened on a corresponding scale, included the
engineering estimates and dummy variables for thegmce of a central plant or the use of fuelail f
manufacturing or electricity generation. Additibdammy variables were defined to indicate whether
fuel oil or some other energy source was usedsas@ndary heating source in the building.

Final Reconciliation

For electricity, reconciliation with the total camaption took two steps. First, the monthly model
results were used to provide approximate estimatemnual heating and cooling use. For each case
with monthly regression estimates, the ratio ot theating or cooling estimate to the corresponding
preliminary engineering estimate was calculatece edian ratios were then reviewed by building
size, activity, and age, as well as by climate z@iace the results showed a definite variation by
climate zone, the median ratios were used to atheseéngineering estimates for electric primarythea
and electric cooling for all cases. Second, thestdfl engineering estimates were prorated to match
the CBECS estimate of total building electricityneamption.

For natural gas and fuel oil, the adjusted engingeestimates were prorated to match the total
building consumption. For district heat, the ergiring estimates were prorated to match the total
building consumption.

3.34 Results

Figure 2-134 shows the geographical areas as definehe U.S. Bureau of Census including the four
Census Regions and nine Census Divisions. Offididihg samples distributions by floor area,

vintage and location are shown in Figures 2-132-t837 respectively. Figure 2-138 lists the site
energy use intensities (EUI, in kwh/m?) for offiomildings in nine census divisions. The average sit
EUI is 292.6 kWh/m? for the office buildings in ti2003 CBECS, with HVAC (Space Heating +

Cooling + Ventilation) consuming 50.5% followed bghting 24.9%. The single largest end use is
space heating which consumes 35.3% of total sieggn
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Figure 2-138: Average site energy use intensiti&gH/n?) for office buildings in nine census
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3.35 Conclusions

This document describes the data analysis methed g CBECS 2003 for end use estimates for
office buildings in the U.S. Statistical regressiaand engineering modeling approaches were used to
calculate end uses based on monthly consumptian fdatelectricity and natural gas, and collected
building system characteristics in the survey. Tefour major end uses in office buildings arecepa
heating, lighting, space cooling, and plug loadéde equipment + computers).
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3.4 Experience 3. Energy saving potentialities by retrfitting the European residential
sector

(C. Becchio, S. P. Corgnati, I. Ballarini and V. Caado, Politecnico di Torino, ltaly)

Energy saving

The nationabuilding typologiesan be used as data sources for forecasting atgaéng the energy
saving potential and the carbon dioxide emissialuecgons for each European country. Thereby the
main objective of the IEE TABULA project has beercteate a harmonized structure of the European
building typologies and to identify representatinglding types. This purpose has come from the need
to assess the energy consumption of the nationlalifg stock and consequently to predict the impact
of different energy efficiency measures in ordeisébect effective retrofit strategies on the erpti
buildings. Two levels of building retrofit have lmeeonsidered: atandard refurbishmentpplying
measures which are commonly used in the countrnyaduanced refurbishmenapplying measures
which reflect the best available technologies. &haluation of each reference building type has been
performed in each country by using the national BRBset rating method and by showing the energy
performance before and after the refurbishment.

Additional statistical information about the frequg of constructions and of heating systems types
has made possible the use of the reference buitgpes as models for the assessment of the energy
performance of the whole national building stock.

The present paper reports the first outcomes oafipdication of the above described methodology to
the national residential building stocks of foumuntries representative of the North, Middle, South
and East European Countries. It summarizes thétsgmesented in the TABULA reporApplication

of Building Typologies for Modelling the Energy 8ate of the Residential Building Stbck

3.4.1 Introduction

TABULA (Typology Approach for Building Stock Energissessment) [1] was a project within the
European program “Intelligent Energy Europe” (IEE)h the participation of thirteen European
countries (Germany, Greece, Slovenia, Italy, Framedand, Belgium, Poland, Austria, Bulgaria,
Sweden, Czech Republic and Denmark). The projefctire has been to create a harmonized
structure of the European building typologies [Bach participant developed a building typology
classification that allowed to divide national eiig buildings in categories: for each category, a
building type was identified as representative adedfined climatic region, period of construction,
building size, etc. In many European countries,dhssification of building types is a concept athe
used at national and/or regional level. Howevethlai national and at European level, a number of
problems rise up due to lack of shared definitidnsunknown or not updated data about existing
buildings, to the difficulties in defining a commononcept of building typology. In practice, it is
impossible to compare the types of buildings amBaogopean countries without uniform and shared
definitions. As a consequence, TABULA firstly aiméal create a harmonized structure to classify
building types in Europe: the project focused idential buildings, but a possible extension teeot
uses is also possible.

Building typologies developed during the TABULA ot can be exploited as a basis for analysing
the national housing sector. In fact, a cruciallgefathe project has been to estimate the energy
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consumption of residential building stocks at rmagidevel and, consequently, to predict gatential
impact of energy efficiency measuesldressed to building envelope and space heatidgDédW
systems) in order to select effective strategiesufmrading existing buildings. In particular, dgi

the TABULA project six of the European partners Id@gm, Czech Republic, Denmark, Germany,
Greece, ltaly) carried out model calculations aineednage the energy consumption and estimate the
energy saving potentials of their national resi@déiuilding stocks (Energy Balance Method).

Specifically, as shown in Figure 2-139, startingnfrglobal statistics at national and regional lered
from the corresponding available residential buddisamples divided in classes, some reference
building types have been selected in order to obgairelevant characterization of the analyzed
buildings. They have been chosen as representeafive large portion of the national residential
building stock. Different modelling approaches wergosen by the partners depending on the
available statistical data. Some defined a seywothetic buildings reflecting building stock aveeag
others applied a set of generic example buildings fthe national TABULA typologies.

The methodology provided by the European standaugsporting the Energy Performance of
Buildings Directive (EPBD, 2002/91/EC) has beenligpipfor the evaluation of the energy demand of
the selected building types and to assess the yesakgng potential due to energy retrofit actioims.
fact, for each reference building type two refunbient measures have been consideredamdard
refurbishmenthrough the application of measures commonly agplighin the country; aadvanced
refurbishmentthrough the introduction of measures that refldet use of the best available
technologies. Finally additional information abdbte number and the frequency of each specific
building type has made possible the applicatiostafistical models in order to estimate the overall
energy performance, energy saving potentialitiaghan dioxide emissions reductions of the building
stock at national/regional level.

ENERGY BALANCE METHOD
ENGINEERING METHOD

Transfer the scenarios from
] s building samples to the whole
Available building building stock (energy saving
sample potential at

O Simulations:
Scenarios
Energy performance for the
renovated buildings

Energy saving actions

"Building Types" definition: Snlations: to improve building

1. Example building Energy * performance

2. Real bulld!ng performance at (Sce”aﬂos)

3. Theoretical building the present stage 9
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Figure 2-139: Procedure for Energy Balance Metheediin the TABULA project to predict the
potential impact of energy efficiency measuresational housing sector.

This contribute shows the first outcomes of theliappon of the above described Energy Balance
Method at the national residential building stolonr countries:

» Denmark, as a representative of the North Europeantries;

« Germany, as a representative of the Middle Europeantries;

» ltaly, as a representative of the South Europeantces;

» Czech Republic, as a representative of the Easipean countries.

The data presented in this paper have been exatadofrom the TABULA report “Application of
Building Typologies for Modelling the Energy Balanof the Residential Building Stock” [3] and
from the “National Scientific Report” on the TABULvoject of the four analysed countries [4-7].

3.4.2 Denmark

The energy balance of the Danish residential ugisliwas calculated using synthetical average
buildings. These were split within nine differeminstruction periods and three building types (€ngl
family houses SFH, terraced houses TH, block ¢ #B).

In order to estimate energy saving potentials #tenal Energy Balance method was used.
Refurbishment measures were applied only to thelepe and consisted in two different levels of
thermal insulation: the standard refurbishment gsoaiated with a high thickness of insulating
material (300 mm for the ceiling, more than 100 fiemthe wall), while the advanced refurbishment
is associated with a higher thickness of insulatiaderial (400 mm for the ceiling, more than 200 mm
for the wall). Consequently, the energy saving pidg was calculated only in term of net energy
demand for heating and DHW. The results of theyamlare presented in term of energy saving and
CO, emission reduction in Table 2-37.

Table 2-37: Annual energy saving potentialities térms of net energy demand for space heating
and DHW) and C@ emissions reductions by standard and advancedhistunent for Danish
residential building stock.

Original State Standard Refurbishment Advanced Refurbishment
Reference A% A%
. Quwp tco2 AQuw,p . Atcor AQuw,p . Atcoo
building type savings savings
[10°GWh] [10%] [10°GWh] [] [10% [10°GWh] [] [10%]
SFH and TH 315 --- 14.6 -46% 15.6 -50%
AB 12.1 5.3 -44% 5.9 -49%
43.6 19.9 -46% 3.1 215 -49% 34

3.4.3 Germany

The analysis of the German building stock was cotetlon a set of six synthetical average buildings.
Two building size classes (single family houseshwdhe or two dwellings and multifamily houses

with three or more dwellings) and three constructi@riods according to different levels of energy
saving national regulations were considered (Ta38).
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Table 2-38: Classification of the German buildingck.

Reference building type

Construction period

Number of buildings

Single Family House SFH | until 1978 9'610'000
Single Family House SFH I 1979 — 1994 2'710'000
Single Family House SFH Il 1995 - 2009 2'670'000
Multi-Family House MFH | until 1978 2'340'000
Multi-Family House MFH 11 1979 — 1994 440'000
Multi-Family House MFH 11l 1995 — 2009 270'000
18'040'000

The energy balance model was developed on basiseddvailable statistical input data. The energy
demand for space heating of the considered sixlibgiltypes was calculated according to a seasonal
energy balance approach. In this way an estimati@mergy saving potentials in the German building
stock for heating and hot water supply was caroed

The refurbishment measures consisted in the apiplicaf insulation material on walls, floors and
roofs and in the replacement of windows. The stahdafurbishment is characterized by U-values of
0.24 WI/(nfK) for walls, roofs and upper floor ceilings, U-uak of 0.3 W/(rfK) for ground floors
and cellar ceilings and U-values of 1.3 Wikn for windows. The advanced refurbishment is
characterized by U-values of 0.16 W for walls, U-values of 0.14 W/(fK) for roofs and upper
floor ceilings, U-values of 0.20 W/@K) for ground floors and cellar ceilings and U-vesuof 0.80
W/(m?K) for windows. With reference to the retrofit dfet space heating and DHW systems, at the
standard level it was considered to replace thedwrzerator, while at the advanced level the measur
consisted in the improvement of efficiency of thistibution and generation subsystem, in the
application of an heat recovery ventilation systerd in the installation of a solar thermal plant.
Energy saving potential obtained by retrofitting tBerman residential building stock is reported in
Table 2-39.

Table 2-39: Annual energy saving potentialitiestérms of primary energy for space heating and
DHW) and CQ emissions reductions by standard and advancedrbishiment for German
residential building stock.

Standard Refurbishment Advanced Refurbishment

A% A%

Original State

Quw,p tco2 AQuw,p ) tcoz2 AQhw,p ) Atcor
savings savings
[10°GWh] [10%] [10°GWh] [] [10%]  [10°GWHh] [] [10%]
661 136 304 -46% 63 512 T7% 100
3.4.4 ltaly

In Italy, six reference building types were createdepresent the housing stock for the purpose of
Energy Balance analysis, as shown in Table 2-40.

Table 2-40: Classification of the Italian buildirsgock.

Construction period

Reference building type Number of buildings
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Single Family House SFH.01 until 1900 1'046'278

Single Family House SFH.03 1921 — 1945 559'336
Multi-Family House MFH.04 1946 — 1960 707'563
Apartment Block AB.05 1961 — 1975 869'056
Apartment Block AB.0O6 1976 — 1990 1'214'773
Apartment Block AB.O7 1991 — 2005 358'765
4'755'771

These reference buildings were chosen accordirgiatiistical analysis: they are representative of a
suitable significant portion of the entire natiohallding stock considering both the constructige a
and the building size (i.e. number of apartment®rfarea) and they belong to the “Middle Climatic
Zone” (from 2100 to 3000 heating degree days), lvisache most representative of the Italian climate
(about 4250 municipalities on a total number of @1&pecifically, the first two reference buildings
(single family houses) are “Theoretical Buildingshosen on the basis of statistical data (Piedmont
Regional Database of Building Energy Performancetifidates). The other reference buildings
(multi-family house and three apartment blocks) “@eample Buildings”, i.e. real buildings defined
typical according to the experience.

The official national calculation method (TechniGgecification UNI/TS 11300 - National Annex to
CEN Standards) for energy certificates was appiiedhe evaluation of the energy demand of the
selected reference buildings and to assess th@yesaring potential due to energy retrofit actions
according to two different scenarios (standard ahchnced refurbishment). In regard to the envelope,
the refurbishment measures consisted in the apiplicaf insulation material on walls, floors and
roofs and in the replacement of windows. The carsid U-values correspond to the requirements
established by the new regulations on energy padoce of buildings in Piedmont Region (D.G.R. n.
46-11968), that belongs to the “Middle Climatic 26nThe U-values applied for the standard
refurbishment are the U-value limits set by thedRient Region regulation (0.33 W/ for walls,
0.30 W/(nfK) for roofs, ceilings and floors, and 2 WAK) for windows), while the U-values applied
for the advanced refurbishment are the optionalalley targets set by the Piedmont Regional
regulation (0.25 W/(1K) for walls, 0.23 W/(rfK) for roofs, ceilings and floors, and 1.7 WH) for
windows).

With reference to the refurbishment of the spacating and DHW systems, some measures were
considered in order to improve the efficiency ofigsion, distribution and generator subsystems and
to exploit renewable energies with the installatidra thermal solar plant (advanced refurbishment).
Energy saving potentialities obtained applyingrtientioned retrofit measures at the Italian residéent
building stock are reported in Table 2-41.

Table 2-41: Annual energy saving potentialitiestérms of primary energy for space heating and
DHW) and CQ emissions reductions by standard and advancedrbistument for Italian
residential building stock.

Original State Standard Refurbishment Advanced Refurbishment
Reference
. A% A%
building Quw,p tco2 AQuw,p . tco2 AQuw,p . Atcon
savings savings
type 3 6, 3 X 6, 3 X 5t
[10°GWh] [107%] [10°GWh] [] [107%] [10°GWh] [-] [10°]
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SFH.01 50.6 10.3 38.8 -T7% 7.9 42.8 -85% 8.7

SFH.03 221 4.5 17.8 -81% 3.6 19.4 -88% 3.9
MFH.04 127.2 25.8 98.2 -17% 19.¢ 105.5 -83% 21.4
AB.05 419.5 85.2 301.2 -72% 61.2 349.9 -83% 71
AB.06 364.3 74 204.4 -56% 41.t 255.4 -70% 51.9
AB.07 76.6 15.6 32 -42% 6.5 42.3 -65% 8.6
1060.5 215.3 692.5 -65% 140.6 815.4 -77% 165.5

3.45 Czech Republic

Six reference building types were created to regmeshe Czech Republic housing stock for the
purpose of Energy Balance analysis. This set dflingjs was categorized by size and age as shown in
Table 2-42.

Table 2-42: Classification of the Czech Republiddiog stock.

Reference building type Construction period Number of buildings
Single Family House SFH.1 until 1979 1'649'756
Single Family House SFH.2 1980 — 2001 424'172
Single Family House SFH.3 2002 - 2010 139'293
Multi-Family House .

APT.1 until 1979 1'277'705
and Apartment Block
Multi-Family House

APT.2 1980 — 2001 574'438
and Apartment Block
Multi-Family House

APT.3 2002 — 2010 165'648
and Apartment Block

4'159'902

The buildings are theoretical buildings based andhalysis of available statistical data and on the
knowledge of historical standard requirements lier W-values of the building envelope and the usual
efficiency of the heating and DHW systems.

The energy balance model was created on basisdft#tistical data. The delivered energy and the
energy demand for space heating of the consideredreups of buildings was calculated using
national calculation method.

In this case the refurbishment measures were foredhe basis of recent studies. In fact, it was
estimated by experts that by achieving U-valuesgiieed by the latest version of the Czech standard
CSN 730540 following amount of energy can be saved:

* 20% of energy in average can be saved by applyinC& (External Thermal Insulation
Composite Systems) to the exterior walls;

* 10% of energy in average can be saved by roofatisul;

» 25% of energy in average can be saved by windoplagement;

» heating control systems would bring savings rangiogroximately between 5 and 15%;

» the losses can be reduced up to 50% by insulatioygeply the pipes.
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The above mentioned percentages were considerddeircalculation energy balance model and
distributed over the categories of buildings. Tésufts are shown in Table 2-43.

Table 2-43: Annual energy saving potentialitiestérms of primary energy for space heating and
DHW) and CQ emissions reductions by standard and advancedhisfument for Czech Republic
residential building stock.

Original State Refurbishment
Reference
- A%
building Qnw,p tco2 AQuw,p . Atcor
type savings
[10°GWh] [10%] [10°GWh] [] [10%]
SFH.1 11.9 55 7.7 -65% 3.6
SFH.2 12.7 5.9 4.8 -38% 2.2
SFH.3 5.5 2.6 11 -20% 0.5
APT.1 6.1 2.9 3.2 -52% 1.5
APT.2 15.2 6.5 5.3 -35% 2.3
APT.3 5.4 2.6 1 -19% 0.5
56.8 26 23.1 -41% 10.6

3.4.6 Conclusion

The analysis shows that building typologies can abéhelpful tool for modelling the energy

consumption of national building stocks and forrgiaig out scenario analyses beyond the TABULA
project. The consideration of a set of represergdbuildings, which reflect the current state of th

building national stock, makes it possible to hawedetailed view on various packages of
refurbishment measures for the complete buildingsksor for its sub-categories. The effects of
different insulation measures at the respectivesitantion elements as well as different system lsupp
measures including renewable energies can be @asith detail with fast analysis.

As general rule, when two different level of reirofiere considered it is noted that the standard
refurbishment is associated with high relative patage of energy saving (Figure 2-140): the energy
saving due to a standard refurbishment is biggen tthe saving variation between a standard
refurbishment and an advanced refurbishment. ity fetional building stock is often characterizgd b
low energy performance and even the applicatiomasfc energy renovations may provide significant
increases in energy performance and consequenttieadwf CQ emission (the case of Italy is
exemplificative of this trend). Thereby from an eomic point of view it is more convenient to apply
standard refurbishment measures at the nationkibgistock than advanced ones that are the most
expensive.

It was highlighted that, even with standard refsinbients, energy saving over 45% can be achieved.
As a consequence of this big saving potential ablet policies to address energy retrofit actions of
existing buildings are crucial.

Finally, the quality of future model calculationdlvdepend very much on the availability of statiat
data. For reliable scenario analyses, informatlmruithe current state of the building stock anouab
the current trends is needed. The availability segiilar update of the relevant statistical daté lvél

an important basis for the development of energtesgies in the building sector.
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Figure 2-140: Comparison between annual energyrgppotential by applying a standard
refurbishment and an advanced one to the Danishin@e and Italian building stock.
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3.5 Experience 4. National/Regional investigation levelSingle & Multifamily houses in

Italy
(N. Tala, TEBE Research Group, Department of EnergyPolitecnico di Torino, Italy)

3.5.1 Introduction

The IEE-Project TABULA is aimed to create a harnzewdi structure for European Building
Typologies, focusing on residential buildings: tbpic of the research is how to collect, elaboeatéd
analyze data characterizing national building stoctlkorder to define “typical” buildings able to
express a Building Typology. Different strategieghwdifferent level of information details can be
adopted for “typical” building definition.

In this work, the different approaches for definithg “building typologies” are tested. In partiaula
three methods are explained to show the developedhmark models: the first method identifies
building types based on several assumptions deduceah expert without statistical data; the second
method processes empirical data to pick out reddiibgs that are representative of the stock; final
the third method provides a building that is thestrobable of a group of buildings.

Then, these approaches are applied to some Itdss studies: example building

characteristics, statistical analysis on residéntiailding database, Italian building typologies
structures.

Type of building Residential buildings

Dimension 80+400 nf
Location Piedmont, Italy
Thermal characteristics Variable

Type of observed spaces Whole building

Year of construction

Seven building age classes (1900+2005)

No. of floors

Variable (2+10)

Windows, orientation

Either N, E, S, W

Window opening Variable
Shading devices Variable
Sources of heat gains -

Activity, sex and age of occupantsVariable
Origin of occupants Variable

3.5.2 Aim of the work

The project objective is to create a harmonizedcsire on the building types in Europe. Each
participant develops a “building types” classifioatat national level: each identified “buildingoy’

is representative of a defined period, size, etc.

Another important outcome of the project is the edlegment of an interactive web tool where the
“building types” classification can be used witHfelient objectives in the building energy sector:
advice for energy retrofitting, energy performaregsessment of building stocks, comparison of
energy performance among buildings and buildingkstoIn particular the web tool contains a data
structure of “building-types”, characterized by dimsions, shape factors, thermo-physical properties
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(e.g. thermal transmittance of building componergfficiency of heating systems and other energy
indicators.

A crucial goal of the project is to estimate theergy consumption of residential building stocks at
national level and, consequently, to predict thiepiial impact of energy efficiency measures ineord
to select effective strategies for upgrading emgstbuildings. To this aim, it is fundamental the
application of a methodology for the definition“blilding types”, which allows the classificatiorfi o
existing buildings in categories (“buildings-typesd be analyzed and investigated.

3.5.3 Database characteristics

Number of buildings 7104

Period of measurement Not applicable -
Duration (days) - -
Number of observed spaces - -
Number of observed spaces wijth -
window sensors

Items Interval
IF1. Climate Heating Degree Days -
IF2. Building envelope U-value, Window to wall ratio -

IF3. Building service & Systems Type of space meptsystem: space heating|—
centralized/decentralized
IF4. Operation & Maintenance - -
IF5. Indoor environmental quality | - -
IF6. Occupants’ activities and
behavior
IF7. Social and economical aspects -

The database contains records for more than 661008es rated across Piedmont. The 66.000 house
records represent the result of the informatiotectdd by EP certification schemes.

The database contains information on physical cbaratics and calculated energy requirements of
each house. Each submission includes more thamfd@riation fields.

The data includes:

e |ocation;
e construction period;
o form;

* heated gross volume;

* netfloor area;

* window average thermal transmittance;

» calculated energy demands and indicators.

The purpose of the EPCs database is also to gttheindividual energy analyses data. Once an
energy advisor successfully completes the energgsament of a house, the resulting energy analysis
data is collected and stored into the database.

In order to validate the quality of data and toifg the analysis the amount of data is restridied
only 7104 certificate schemes. In particular, aparit blocks, multi-family houses, terraced houses
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and single-family houses have been considered. Gatzhare conveniently illustrated by means of the

pie charts in Figure 2-141 and Figure 2-142.
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Figure 2-141: Split of Energy Performance
Certificates for each building typology (66063
certificates).

Figure 2-142: Split of the selected Energy
Performance Certificates for each building
typology (7104 certificates).

3.5.4 Methods applied for the data analysis

In order to define a typical house useful for dimsog the thermal and geometric characteristica of
group of houses, the first step consists of idgimigf independent variables influencing the multgud
of parameters that are specific to the building.

The TABULA project has fixed three independent ahlés which are: location, age and form. In the
specific Italian case, the three-dimensional sphatgenerate appropriate reference building iresud
3 climatic zones, 7 ages and 4 forms of Italiandioy (single-family homes, multi-family homes,
terraced house, apartment block), the combinatpr@ess produces 84 building typologies.

First Approach

According to the first approach the definition ditrepresentative building (Example Building) is
based on construction period, size and region bgxaert using rule-of-thumb to compensate the lack
of statistical information.

Second Approach

The second method identifies the typical buildiftedl Building) employing a statistical analysis.
Collected data are statistically elaborated to miak the real building with geometrical and thermo-
physical characteristics similar to the averagthefbuilding sample.

The Piedmont Regional Database of Energy Perform&ertificates has been used to define the
building typologies within the categories singlenfy homes and terraced houses.

The following steps outline the method adopted.

Based on the available data, representative pagasnef geometric and thermal features have been
selected. These parameters are: volume, net flear anvelope area to volume ratio, number of &vel
number of dwellings, opaque envelope average tHetraasmittance, window average thermal
transmittance.
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For each parameter the number of data were suffi¢# least 10 observations) to calculate sta#bti
functions such as mean, median, 25th percentith, gé&rcentile.

Interquartile ranges (IQRs) are evaluated forladl parameters. This step allows to identify, fahea
parameter, the 50% of the buildings close to thdiamevalue. The intersection of all IQRs permits to
select the single real building whose parameterdlae closest to the median values.

If this procedure gives more than one or no redding, IQRs can be tuned by means of suitable
criteria in order to pick out only one real builgin

The available data of the real building identified such procedure are not sufficient to perform
energy analyses. Additional parameters have topeeified according to experience or statistical
analysis.

Third Approach

The third method identifies the typical buildingh@oretical Building) as an archetype, that is “a
statistical composite of the features found withicategory of buildings in the stock” (ECBCS,2004)
The main steps for developing an archetype camtrerarized as follows:

Identification of primary independent variables )(Xor describing the parameters (Pj) of a specific
house (BK) in the stock. For example the followpayameters (Pj) that characterize the building can
be considered: building external shape, internaddg window to wall ratio, thermal insulation...

On the other hand, among the independent varia@sit is possible to consider: floor area,
construction year, location, main heating source...

Determination of the trend of each parameter basedthdependent variables by means of several
engineering hypotheses, analysis or rule of thuliis permits to Figure out which are the most
significant independent variables xi for each partam

Determination of the analytical relation betweee fth parameter and its significant independent
variables using statistical analysis (e.g. regogst@chniques).

An example showing the application of this approfmhthe window average thermal transmittance
(WTT).
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Figure 2-143: Thermal transmittance analysis.
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As result of step 2, this specific parameter presen significant relation with the floor area. A
sampling of 339 buildings was selected from thelRient Regional Database of Energy Performance
Certificates. The WTT values associated with the digrtile, mean, median and 3rd quartile are
evaluated for each of the 10 groups defined byd#wles of the population in terms of floor area. |
this particular case, each group contains appraeima4 buildings. Figure 2-143 presents the four
dispersion values for each central value of thedegrbups. Regression curves and their analytical
expression (STEP3) for the 1st quartile, mean, arednd 3rd quartile are reported.

3.55 Main results and discussion

The prediction of energy consumption of residertiigilding stock and the measure of energy savings
due to efficient strategies at national level ageyvtopical research items. To this aim, it is impnot

to define a methodology for the generation of “Ouig types”, representative of the categories to be
investigated. It is fundamental to establish thieguo develop the building typology in order to
compare the most suitable configurations and san#or the implementation of efficiency measures.
The three methods introduced for defining the ‘tind) types” permits to face, in practice, the
problem of the definition of “building typologiesivhen different level of information details are
available.
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