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Preface

The International Energy Agency

The International Energy Agency (IEA) was establishedin 1974 within the

framework of the Organisationfor Economic Co-operation and Development
(OECD) to implementan internationalenergyprogrammeA basicaim of the IEA

is to fosterinternationalco-operationamongthe 28 IEA participatingcountriesand
to increase energy security through energy research, development and
demonstrationn the fields of technologiesfor energy efficiency and renewable
energysources

The IEA Energy in Buildings and Communities Programme

The IEA co-ordinatesresearchand developmentin a numberof areasrelatedto
energy The mission of the Energy in Buildings and Communities (EBC)
Programmas to developandfacilitate the integrationof technologiesaandprocesses
for energyefficiency and conservatiorinto healthy,low emission,and sustainable
buildings and communities,through innovationand research (Until March 2013
the IEA-EBC Programmewas known asthe Energyin Buildings and Community
SystemsProgrammeECBCS)

The researchand developmenstrategiesof the IEA-EBC Programmeare derived
from researchdrivers, national programmeswithin IEA countries,and the IEA
Future Buildings Forum Think Tank Workshops The researchand development
(R&D) strategiesof IEA-EBC aim to exploit technologicalopportunitiesto save
energy in the buildings sector, and to remove technical obstaclesto market
penetratiorof new energyefficient technologies

The R&D strategiesapply to residential, commercial, office buildings and
community systemsand will impactthe building industry in five focus areasfor
R&D activities

Integratedplanningandbuilding design

Building energysystems

Building envelope

Communityscalemethods

o o T o T

Realbuilding energyuse

The Executive Committee

Overall control of the IEA-EBC Programmeis maintained by an Executive
Committee, which not only monitors existing projects, but also identifies new
strategicareasin which collaborativeefforts may be beneficial As the Programme
is basedon a contractwith the IEA, the projectsarelegally establishedis Annexes
to the IEA-EBC Implementing Agreement At the presenttime, the following
projectshavebeeninitiated by the IEA-EBC ExecutiveCommittee with completed
projectsidentified by (*) (seefollowing table)
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This brochure is a selection of demonstration projects within Annex 56
partner countries that highlights successful solutions and provides general
findings, similarities and differences emerging out of the demonstration
projects selected in the participating countries.

The specific mission of the case study activity of the Annex 56 project is to
provide significant feedback from practice (realised, ongoing or intended
renovation projects) on a scientific basis.

Within Annex 56, the gathering of case studies is one of the activities
undertaken to reach the overall project objectives, because it is a recognized
fact that the process of decision-making has to be strongly supported by
success stories from real life and experiences and lessons learned from
practice.

Thed Shi &k a qp lare gathered mainly for motivation and stimulation
purposes, highlighting the advantages of aiming at far reaching energy and
carbon emissions reductions, being still cost effective. The focus is to
highlight advantages and innovative (but feasible) solutions and strategies.

In this report 18 Shining Examples are presented in a standard format:

b Austria:
b Bruck an der Mur;
b Kapfenberg
b Czech Republic:
b Kaminky 5;
b Koniklecova 4
b Denmark:
b Sems Have;
b Skodsborgvej;
b Traneparken

b ltaly:

b Ca®.0rsola;

b Ranica
b Netherlands:

b Wijk van Morgen
b Portugal:

b Lugar de Pontes;

b Montarroio;

b R. Dona Leonor Neighbourhood
b Spain:

b Viviendas de Corazon de Maria
b Sweden:

b Backarod,;

b Brogarden;

b Maratonvagen
b Switzerland:

b Les Charpentiers

A cross-section analysis of these Shining Examples has also been carried
out to identify similarities, differences and general findings. The results of
this analysis are presented in 5 sections covering: the co-benefits, the
fi a ny wraeya s u r thes which measures, the country/climate specific
measures and the barriers & solutions.

11
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Climate changes are evident all over the planet and it is no longer possible to
ignore its relationship with the carbon emissions, deeply related to energy
production and use. To tackle this problem different measures are being
taken worldwide to promote energy efficiency and expand the use of
renewable energy sources in all areas and particularly in the building sector,
one of the most relevant energy consumers.

Several standards regarding energy consumption have emerged in the last
decade, defining increasing requirements, and culminating with the recent
emergence of the fi n e azerd ¢ n e r lguydings concept. However, these
standards are mainly focused on new buildings, often ignoring the existing
buildings that represent the least efficient, the largest consumers and the
largest share of the building stock. These standards do not respond
effectively to the numerous technical, functional and economic constraints of
this kind of buildings resulting often in very expensive measures and
complex procedures, hardly accepted by owners or promoters.

Having in mind the overall objective of slowing down climate change,
measures for the use of renewable energy can be as effective as energy
conservation and efficiency measures and sometimes be obtained in a more
cost effective way. In existing buildings, the most cost-effective renovation
solution is often a combination of energy efficiency measures and measures
for the use of renewable energy. Hence, it is relevant to understand how far
it is possible to go with energy conservation and efficiency measures (initially
often less expensive measures) and from which point the use of renewables
become more economical considering the local context.

Two step approach:

1. Reduction of energy demand and carbon emissions

by energy conservation and efficiency measures
T 2. Supply with renewable energy and on-site RES to
L B satisfy the remaining energy demand as much as
b possible

Conservaton
Efficiency

rodiictinn
eguction

-y

¢ 4 Optimeation |

CRMRIRIRS =

et s e e L e e e te T e te et

et te et e,

Nearly zero approach

SO

-

Zero

Optimized building renovation concept (Geier S., Ott W.)
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In this context, the International Energy Agency established an Implementing
Agreement within the Energy in Buildings and Communities Program to
undertake research and provide an international focus on Cost Effective
Energy and Carbon Emissions Optimization in Building Renovation (EBC
Annex 56). This is an ongoing project (2010-2015) that aims at developing a
new methodology to enable cost effective renovation of existing buildings
while optimizing energy consumption and carbon emissions reduction. This
project is mainly focused on residential buildings as these account for 75% of
the total stock in Europe and in 2009, were responsible for 68% of the total
final energy use in buildings!, comprising a less heterogeneous sector
compared to the non-residential sector, suggesting a higher potential for
improvement.

To achieve these goals, to have a bigger impact and to shorten the path to
the application of the project results, it is important to take advantage of good
examples and good practices already implemented as well as of existing and
emerging efficient technologies with potential to be applied successfully.

This brochure is a selection of successful realised demonstration projects
within Annex 56 partner countries that highlights successful solutions and
provides general findings, similarities and differences emerging out of the
demonstration projects selected in the participating countries.

The Operating Agent

Prof. Manuela Almeida

1-Europeds buildings under the microscope

A country-by-country review of the energy performance of buildings
October 2011, Buildings Performance Institute Europe (BPIE)
ISBN: 9789491143014, Pages 8 and 10



Within Annex 56 the gathering of case studies is one of the activities
undertaken to reach the overall project objectives because it is a recognized
fact that the process of decision-making has to be strongly supported by
success stories from real life and experiences and lessons learned from
practice.

The specific mission of the case study activity of the Annex 56 project is to
provide significant feedback from practice (realised, ongoing or intended
renovation projects) on a scientific basis. The main objectives of this work
are:

b To understand barriers and constraints for high performance renovations
by a thorough analysis of the case studies and feedback from practice in
order to identify and show measures to overcome them;

b To align the methodology under development in Annex 56 with practical
experiences;

b To support decision-makers and experts with profound, scientific based
information (as result of thoroughly analysed case-studies) for their future
decisions;

b To show successful renovation projects in order to motivate decision-
makers and stimulate the market.

The Case Studies within Annex 56 will be studied at two different levels.

This brochure presents the Shining Examples collected from different
partners, in a fixed format showing for each demonstration project pictures
and easily comprehensible graphics, highlighting the addedZalue of the
renovation process. The brochure presents 18 Shining Examples from 9
countries.

Thed Shi Ek a qp lare gathered mainly for motivation and stimulation
purposes, highlighting the advantages of the energy and carbon emissions
cost optimized renovation. The focus is to highlight advantages and
innovative (and feasible) solutions and strategies. A cross-section analysis of
the projects has also been carried out to identify similarities, differences and
general findings. The results of this analysis are presented in 5 sections
covering: barriers & solutions, anyway measures, rational use of
energy/renewable energy supply (RUE/RES) balance of measures, co-
benefits and country/climate specific measures.

Level1i theAi Shi Ex agp brelfevel 21 thefiDet &Case 8t ud.i es 0

It is expected that every country provides at least one demonstration project
(preferentially more) in order to cover a broad variety of different climate and

framework conditions. Within level 1, a selection of i Shi EXx agp ltoe s 0

encourage decision makers to promote efficient and cost effective

renovations will be provided. In a second phase, within i De t aGasee d

St u d iaeeemer, analysis will be performed in order to evaluate the impact
and relevance of different renovation measures and strategies within the
project objectives and also validating the methodology under development in
Annex 56. The results from the level 2 analysis are on-going and will be
reported separately.
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Location




Case Studies

N. Country
1 AUSTRIA
2 AUSTRIA
3 CZECH
REPUBLIC
4 CZECH
REPUBLIC
5 DENMARK
6 DENMARK
7 DENMARK
8 ITALY
9 ITALY

Site

ARE, Bruck an der Mur

Johann Bohm 34/36,
Kapfenberg

Kaminky 5, Brno-Novy
Liskovec

Koniklecova 4, Brno-
Novy Liskovec

Sems Have, Roskilde

Skodsborgvej, Virum

Traneparken, Hvalsg

C a 9.0rsola, Treviso

Ranica, Bergamo

Building
type

Non
residential

Multi
family

Non
residential

Multi
family

Multi
family

Single
family

Multi
family

Multi
family

Single
family

Barriers &
solutions

an

Anyway
measures

an

Which
measures

Qan

Co -
benefits

an

Country /
climate
specific

measures

Qan

Picture
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10

11

12

13

14

15

16

17

18

Country

NETHERLANDS

PORTUGAL

PORTUGAL

PORTUGAL

SPAIN

SWEDEN

SWEDEN

SWEDEN

SWITZERLAND

Site

Wijk van
Morgen,
Kerkrade

Lugar de
Pontes,
Melgaco

Travessa de
Montarroio,
Coimbra

Rainha Dona
Leonor, Porto

Corazon de
Maria, Bilbao

Backa rod,
Gothenburg

Brogarden,
Alingsés

Maratonvagen
36, Halmstad

Les
Charpentiers,
Morges

Buildin
g type

Single
family

Single
family

Single
family

Multi
family

Multi
family

Multi
family

Multi
family

Multi
family

Multi
family

Barriers /
solutions

an

an

Qan

an

Qan

Anyway
measures

an

an

an

an

an

Which
measures

an

an

an

Co -
benefits

an

an

an

an

an

Country /
climate

specific

measures

a

an

an

Qan

an

Picture




1. ARE, Bruck an derMur

Project summdry

Energy concep}/ Biomass district heating, ground source heat pump, mechanical ventilation with heat
recovery, autgfatic lighting and PV.

Backgroyhd for the renovation:

The ain/ of this project was to gather information and experiences of the pilot project and the research,
so thaf'those information and experiences can be directly used in the planning and decision process of
the bglilding owner Austrian Real Estate (ARE) and other building owners. Thereby four main fields of
invegtigation have been identified:

A Bubsequent installation of ventilation systems with heat recovery
A [Shading, daylight and lighting

A[ Sustainable cooling and summer comfort

Al Innovative fagade systems

View of renovated building (left © Markus Kat Graz) and existing building (right © e7 Energie Markt Agedfse GmbH)

An der Postwiese 8

Site: 8600 Bruck / Mur, Austria
Altitude: 485 m
Heating

degree days: 3710 (base temp 20AC)

Austrian Real Estate (ARE)

Owner: subsidiary company of BIG

Architect: chitekturbiiro Pittino & Ortner

Ener Rdsenfelder & Hoéfler Gmbh & Co
gy. K{, TB Kostenbauer & Sixl, Busz

concept:

GmbH

Contact Person: Mag. Dirk Jager

BIG
Renovation startgd: 2010
Renovation engled: 2012
Data collectjon: February 2014

/

Builging description /typology
uilt: in 1960s
Official building which includes the district court, the
financial authority and the Federal Office for
Metrology and Surveying
A Gross heated floor area: 6486 m? (total)

21




1. ARE, Bruck an der Mur

Project summary

Energy concept: Biomass district heating, ground source heat pump, mechanical ventilation with heat
recovery, automatic lighting and PV.

Background for the renovation:

The aim of this project was to gather information and experiences of the pilot project and the research,
so that those information and experiences can be directly used in the planning and decision process of
the building owner Austrian Real Estate (ARE) and other building owners. Thereby four main fields of
investigation have been identified:

A Subsequent installation of ventilation systems with heat recovery
A Shading, daylight and lighting

A Sustainable cooling and summer comfort

A Innovative fagade systems

e J—

e
ikl

View of renovated building (left © AEE INTEC) and existing building (right © e7 Energie Markt Analyse GmbH)

Site:

Altitude:

Heating
degree days:

Owner:
Architect:

Energy
concept:

An der Postwiese 8
8600 Bruck / Mur, Austria

485 m
3710 (base temp 20AC)

Austrian Real Estate (ARE)
a subsidiary company of BIG

Architekturbiro Pittino & Ortner

Rosenfelder & Hofler Gmbh & Co
KG, TB Kostenbauer & Sixl, Busz
GmbH

Contact Person:

Mag. Dirk Jager

BIG
Renovation started: 2010
Renovation ended: 2012
Data collection: February 2014

Building description /typology

A Built: in 1960s

A Official building which includes the district court, the
financial authority and the Federal Office for
Metrology and Surveying

A Gross heated

floor area: 6486 m2 (total)

22




Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

The analysed building is an official building
which includes the district court, the finance
authority and the Federal Office for Metrology
and Surveying. The building was constructed
between 1963 and 1965. The finance authority
is situated in a separate section of the building,
has four floors and is connected to the other
section of the building by a shared staircase.

The building is a typical building from the
1960Es, made of in a precast concrete skeleton
construction without insulation. The existing
building was heated by a central gas heating
system.

The Federal Ministry of Justice, as the main
tenant, claimed for a renovation and an
enlargement of the existing building. Besides
the need of more space (app. 840 m? (NFA)),
there was also a desire for functional
improvements. Especially  public  and
frequented areas like the entrance hall,
hearing rooms and waiting areas did not fulfil
todayE requirements and needs. The existing
building was not barrier-free accessible due
the existing mezzanines.

23

Essential design parameters were:

A Barrier free access to all parts of the
building

A Creating a service centre for the court

A It has to be possible to spatially divide the
court from the other parts of the building

A Separated entrance for the court incl.
double door system

A Renovation resp. renewal of windows, roof
and facade based on the state of the art

A Improvement of the natural lighting

A Preservation of the existing parking area

Building before the renovation (© e7 Energie Markt
Analyse GmbH)

Building before the renovation (© e7 Energie Markt Analyse GmbH)

U-Value U-Value
before after
Element . .
renovation renovation
W/m2K W/m2K
Facade 2895 1.32 <0.155
Ceiling 1345 1.06 0.188
Windows, 908 3.00 <1.380
doors
Roof 1345 0.50 0.112




Energy renovation features

Three pillars of sustainability

Based on the three pillars of sustainability, criteria and requirements for the
renovation were defined. Following points were included:

A Ecological sustainability: high heat protection in summer and winter, low
primary energy demand, use of renewable energy sources, monitoring of the
energy consumption

A Economic sustainability: adherence of the frame for the investment costs, low
LCC

A Sociocultural sustainability: high thermal comfort in summer and winter,
acoustic comfort, high ratio of daylight, possibility of natural ventilation

Building

New developed metal facade elements with solar comb for passive solar gains
were used. A thermally insulated interlayer was mounted directly to the existing
facade (compensation of e.g. irregularities of the surface). The pre-fabricated
facade module with absorber (GAP-Solution) and the window modules were
mounted to this interlayer.

The third floor of the district court was new constructed and thermally insulated
with 32 cm mineral wool. The u-value of the new roof is 0.112 W/m2K.

The new window modules were already integrated in the new facade. The u-
values of the new windows are between 1.03 and 1.38 W/m2K. Every room has
minimum one openable casement. The remaining casements of the window
modules cannot be opened. The sun protection is integrated in the windows and
is controlled based on the solar radiation.

Systems
Heating:

As part of the renovation the existing gas heating was replaced by a
biomass district heating. Additionally a two-condition refrigerator with
deep drillings (80-100 m deep) is integrated in the ventilation system. In
summer the cooling water from the deep drillings is used to condition the
supply air (free cooling), in winter the supply air is heated by an additional
heat pump.

All components of the HVAC system are controlled by a centralized
computer system.

Ventilation:

After the renovation of the building, two different ventilation zones exist. In
the part of the building where the financial authority is located, no
mechanical ventilation is installed. In the part of the building where the
district court is located, a mechanical ventilation system with high efficient
heat recovery is installed. The ventilation of the hearing rooms is
separated from the rest and is controlled by CO2-sensors.

The air change rate in the offices is fixed to the minimum required
hygienic air change rate (0.4 h'1). In summer automatic night ventilation
with higher air change rates is performed.

Lighting:

In the offices the lighting is controlled automatically according to the
available daylight and the presence of the people in the building. The
brightness of the luminaires is automatically adjusted to the requirements
but can be overruled manually.

Photovoltaic installation:

On the roof of the building 140 m?2 photovoltaic modules were installed
with a maximum power of 24 kWp. The calculated energy production of
the photovoltaic installation is 22.500 kWh/a. 24



Calculated Energy Savings, CO, reductions and Life Cycle Costs

Heating energy demand corrected before and after renovation (calculated):

before renovation: 145 kWh/m2year
after renovation: 24 kWh/m2year
calculated savings: 121 kWh/m2year (-83 %)

Primary energy demand before and after renovation (calculated):

before renovation: 464 kWh/m2year
after renovation: 162 kWh/m2year
calculated savings: 302 kWh/m2year (-65%)

CO,-emissions before and after renovation (calculated):

before renovation: 78 Kgco,/m2year : » 7
after renovation: 19 kgcoz/mzyear Building after the renovation (© AEE INTEC)
calculated savings: 59 kgco,/m2year (-75%)

Energy production from PV (calculated): 22.5 MWhlyear

Total construction costs: 8MuU (excl . VAT)

25



Overall improvements, experiences and lessons learned

Co-benefits

A Thermal comfort in summer and winter
A Acoustic comfort

A High ratio of daylight

A Possibility of controllable natural ventilation

Indoor climate technical improvements
The indoor climate was improved due to:

A Mechanical balanced ventilation with heat recovery and a
carefully adjusted supply temperature

A Less heat loss and draught through walls, windows and doors

Barrier to overcome and solution

Originally it was planned to renovate the pilot project with
prefabricated timber elements with solar comb for passive solar
gains. But due to the demands in fire protection no timber facade
was possible. Therefore new metal facade elements with
integrated solar comb had to be developed. This development
required a close cooperation of all involved which increased the
planning effort and also the costs of the renovation.

New fagade system in the renovated building (© AEE INTEC)
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Summary

Summary of project

The definition of high requirements on the energy efficiency in the planning process enables the planning of a building, which can achieve high energy
savings. Other renovations of the Bundesimmobiliengesellschaft (BIG) / Austrian Real Estate (ARE) can profit from these solutions and concepts.

In the planning process it is very important to define the sustainability criteria in an early stage and to check the adherence of the criteria continuously
right up to the detailed planning and the tender. Only this ensures that the high quality requirements can be fulfilled.

In the preliminary draft different varieties for optimization have to be considered and checked. The building owner has to make suggestions and
recommendations for improvements in the planning stage. Important is also that the building owner can ensure that there are competences in the sector
of energy efficiency to check the technical solutions of the planners carefully. A dynamic building simulation can demonstrate critical points. Together with
the planning team solutions for an optimized building design have to be developed.

At the same time the building owner and the tenants have to be informed about the construction costs and the future operational costs right from the
project start, when the building is defined, or at the latest at the preliminary draft when the first plans are available. The comparison of the life cycle costs
(LCC) of the regular renovation and the renovation with high requirements on the energy efficiency is the basis for the tenants to make their decision. The
LCC are also very important to guarantee the ecological and economical sustainability. Impacts on the user comfort have also to be highlighted in the
planning process.

Nevertheless the limited budgetary capabilities of the tenants have to be considered in all deliberations!

Prospect for future renovations

The energy efficiency measures planned and realized in this building should be recommended for all future renovations of the BIG-buildings of the 1950s
to 1980s. However this quality standard has to be accepted from the ministries and the additional costs of the energy efficiency measures have to be
budgeted. The ministries should not be exempted from their duties as well as without the active contribution of the tenants at the implementation and
operation of energy efficient buildings such a high energy efficient level is not possible.

References:

[1] D. Jager et al. (2011): Subproject 2: Demonstration building official building Bruck i planning process BIGMODERN SP2; Federal Ministry for Transport,
Innovation and Technology; Vienna

[2] rosenfelder & hofler cons. eng. GmbH & CO KG (2012) i energy performance calculation
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2. Johann Bohm 34/36, Kapfenberg

Project summary
Energy concept: Insulation, mechanical ventilation, solar thermal and PV-system

Background for the renovation:
The existing residential building was in high need of renovation. The overall intentions were:

b 80% energy efficiency i 80% reduction of the energy demand of the existing building

b 80% ratio of renewable energy sources i 80% of the total energy consumption of the renovated
building should be provided by renewable energy sources

b 80% reduction of CO, emissions i 80% reduction of the CO, emissions of the existing building

View of existing (small picture) and the renovated building (large picture) (west elevation)

Site:

Johann Béhm StraBe 34/36
8605 Kapfenberg, Austria

Altitude: 502 m

Heating degree

3794 (base temp. 20° C)

days:
Cooling degree
) 0
days:
Owner: ennstal SG
Architect: Nussmidiller Architekten ZT-GmbH

Energy concept: AEE INTEC

Contact Person:

Dir. Wolfram Sacherer

ennstal SG
Renovation started: 2012
Renovation ended: 2014
Data collection: Winter 2014

Building description /typology

b

o o oo

Built: 1960-1961

Residential building with four floors

On each floor six flats were located

The living space varied from 20 to 65 m?
Total gross heated floor area: 2845 m?
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Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

The analysed building is a residential building
which was built between 1960 and 1961. The
four-story building has a length of 65 m (east
and west facade) and a depth of 10 m (north
and south facade). On each floor nine
apartments were located which varied from 20
to 65 m2 living space. These apartments did
not meet the current way of living because
they were too small. For this reason not all
flats were rented.

Building envelope

The existing building was a typical building
from the 19606 smade of  prefabricated
sandwich concrete elements without an
additional insulation. Only the wood wool
panels of the prefabricated concrete elements
performed as a slight thermal insulation.

The basement ceiling was insulated with
approx. 6 cm polystyrene. The old roof was a
pitched roof with no insulation. The ceiling to
the unheated attic was insulated with 5 cm
wood wool panels.

The existing windows were double glazed
windows with an U-value of 2.5 W/m2K. The
missing airtightness of the existing windows
caused high infiltration losses.
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Heating, ventilation, cooling and lighting
systems

In the existing building a variety of different
heating systems was installed: a central gas
heating, electric furnaces, electric night storage
heaters, oil heaters, wood-burning stoves and
coal furnaces.

The ventilation of the existing building was
accomplished by opening the windows; no
mechanical ventilation system was installed.

The enormous energy demand caused very
high heating and operating costs. A high
quality refurbishment of the building with a
change in the layout of the apartments should
make the building more attractive to new
residents and young families.

Facade during the renovation

Facade i before and after the renovation

U-Value U-Value
before after
Element q :
renovation renovation
W/m2K W/m2K
Facade 1463 0.87 <0.17
Ceiling 711 0.39 <0.30
Windows, 349 2.50 <0.90
doors
Roof 711 0.74 <0.10




Energy renovation features

Overall Energy Saving Concept

The retrofit concept is based on energy efficiency measures (reduction of
transmission, infiltration and ventilation losses), on a high ratio of renewable
energy sources and on an intelligent integration in the existing heat and
electricity grid.

Building

Instead of conventional insulation systems the fagade in this project is covered
with large-sized active and passive facade elements.

These facade elements include on the one hand traditional rear-ventilated
constructions (various surfaces possible) and on the other hand active elements
to produce energy like solar thermal or photovoltaic panels.

The old pitched roof is removed and a new flat roof is established. The roof is
highly insulated with approximately 35-40 cm. The windows are already
integrated in the prefabricated fagade modules and are of high thermal quality
(triple glazing).

Inside works include among other things also the change of the layout of the
flats to make them more attractive to new residents.

|
|
il

Prefabricated facade elements with integrated active
energy production (photovoltaic and solar thermal panels)

Building Services

Heating:

Ventilation:

Photovoltaic:

The basic heat supply of the renovated building is
accomplished by the local district heating. Additionally
144 m2 solar thermal panels are installed on the south
facade. Heat provided by district heating and solar thermal
system is stored in a 7500 litre buffer storage. From the
buffer storage a 2-pipe-system (flow and return) brings the
heat to the 32 flats where the heat for domestic hot water is
stored in a small boiler. Radiators emit the heat in the flats.

A new mechanical ventilation system with heat recovery is
installed (heat recover efficiency 65% / SFP 0.45 Wh/m3).
The ventilation units are positioned on the flat roof and the
existing stacks and installation ducts of the building are
used for the ventilation ducts. In one half of the flats the
ventilation system is controlled automatically based on the
CO, concentration, in the other half of the flats the
residents can control the ventilation system by a three-
stage controller individually.

Photovoltaic panels with a size of 550 m? resp. 80 kWp are

installed on the roof on a steel construction in form of a
wing. Additionally 80 m2 resp. 12 kWp are installed on the
south facade.

Mounting of the photovoltaic panels on the roof (left picture), pv and solar thermal

panels on the south fagade (right picture) 30



Calculated Energy Savings, CO, reductions and Life Cycle Costs

Electricity demand before and after renovation:

before renovation: 79 MWh/year 33 tCO2/year
after renovation: 47 MWh/year 20 tCO2/year
calculated savings: 32 MWh/year 13 tCO2/year

Energy demand for heating and hot water before and after renovation:

before renovation: 337 MWhlyear 80 tCO2/year
after renovation: 85 MWh/year 4 tCO2lyear
calculated savings: 252 MWhlyear 76 tCO2/year

Calculated energy savings:

The transmission heat losses from the building envelope can be reduced from 337 MWh/year (existing
building) to 85 MWh/year (renovated building). This means energy savings of 252 MWh/year.

The infiltration heat losses can be reduced from 89 MWh/year (existing building) to 47 MWh/year
(renovated building). This means energy savings of 42 MWh/year.

In total 294 MWh/year can be saved for heating and domestic hot water.

As a result of the renovation the usable energy gains in the building (internal and solar gains) are reduced
from 126 MWh/year to 84 MWh/year. This means 42 MWh/year less energy gains are usable after the
renovation.

As a consequence of that the calculated total energy savings are 252 MWh/year.

Calculated energy production:

The calculated energy production of the solar thermal system is 39.5 MWh/year; the energy production of
the photovoltaic panels is about 80 MWh/year.

Total Renovation Costs: 43 MU
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Left building part already renovated i right building part in
the middle of the renovation

Solar thermal and PV panels on the south facade




Overall improvements

Co-benefits
b New and larger balconies for all flats:
b Improvement of the reputation of the building
b New functional area for the residents
b Improved thermal quality by reduction of thermal bridges
b Barrier-free access to all flats by the installation of an elevator and an arcade

b Changed layout of the flats enables new modern living with windows to both,
east and west, sides

b Better indoor climate by mechanical ventilation system with heat recovery

b Renewal of old heating and domestic hot water systems improve the
operational comfort by a new centralized and automatically controlled system

Indoor climate technical improvements
The indoor climate is improved due to:

b Mechanical balanced ventilation with heat recovery and a carefully adjusted
supply temperature

b Less heat losses and draught through walls, windows and doors

Barriers to overcome and solutions:

b The financing of the renovation was a barrier because due to governmental
regulations it was not possible to excessively increase the rental price for the
apartments. Therefore other funding and financing solutions were necessary
to realize the renovation.

b Additionally, the renovation works inside the building, such as the change of
the layout, made a resettlement of the residents necessary. Due to the fact
that there were no apartments available in Kapfenberg at the time of the
renovation, this process could only be put into practice in two different
construction phases in order to guarantee the residents an apartment during
the renovation period.

Different steps of the building renovation process: installation of the building
services, assembling of the prefabricated fagade modules, almost finished
building envelope (f.l.t.r.)

Assembling of the prefabricated fagade modules on the west facade
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Summary

Summary

The existing residential building is renovated with a new facade (prefabricated
active and passive elements), new windows, new roof (flat roof instead pitched
roof) and new building services.

A new heating system (local district heating and solar thermal system on the
south facade of the building) and a new mechanical ventilation system with heat
recovery are installed.

Photovoltaic panels on the roof and on the south fagade for the electric energy
production were also installed.

By those measures following objectives of the renovation should be achieved:
b 80% energy reduction

b 80% ratio of renewable energy sources

b 80% reduction of CO2-emission

Left building part: finished renovation; right building part: still in renovation

Lessons Learnt

All asked tenants lived in the building before the renovation and 85% also during
the renovation of the building.

The expectations of the tenants to the retrofit were generally satisfied. The
tenants were also satisfied with the housing association and the different
companies which carried out the renovation.

Assessing their housing situation some tenants criticized the natural lighting in
the apartments, the temperatures at the beginning (too cold) and the noise
because of the renovation works of the second construction phase.

The tenants were satisfied with the information they received regarding the
mechanical ventilation system and the heating and domestic hot water
preparation.

A few days later i building envelope of the right building part almost finished

References: all AEE INTEC
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3. Kaminky 5, Brno-Novy Liskovec

Project summary

Energy concept: Renovation to low-energy standard Kaminky 368/5, 634 00 Brno-Novy

Site: Liskovec, Czech Republic
Background for the renovation: Altitude: 312 m
Intention for the renovation: _
L . - Heating 3712 Kd (base temp. 134C)
A Modernization of aging school building degree days: '
A Improvement of inner conditions Cooling o Kd
A Reduction of overall energy consumption to comply with low-energy standards degree days:
Owner: Statutory City Brno
Architect: MENHIR projekt, s. r. 0.

Mgr. Pavel Petr

Contact Person: (headmaster)

Renovation started: 2009

Renovation ended: 2010

Data collection: Autumn 2014

Building description / typology

A Elementary school with consisting of 3 blocks
(classrooms, kitchen and cafeteria, gymnasium)

A Built: 1987
A Maximum capacity: 380 students, 44 staff

A Net heated floor area: 7296 m?

Street view of the school s main blfaglck before (left) and after (right) renovat3i40n.



Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

The buildings of Elementary School Kaminky 5
were constructed in 1987. The school consist
of 3 blocks connected via multi-storey
corridors. The main block (A) where the
classrooms and offices are located, kitchen
and cafeteria block (B) and gymnasium (C).

The maximum capacity of the school is approx.
380 students and 44 staff members. Total net
heated floor area of school buildings is 7296
m2.

Building envelope

The construction of the building corresponds
with the period of origin T superstructure is
made of prefabricated reinforced concrete
frame MS-OB with basic length module 6.0 m.
Walls are made mostly of 300 mm thick
ceramic panels. Part of the walls is built using
aerated concrete blocks.

Gymnasium

" Cafeteria _ H

Groundplano f t he A" flodr o ddakstbems.2
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All buildings have flat roof. Superstructure of
the roof is made of timber or steel trusses and
reinforced concrete panels. The roof was
insulated by 50 mm of EPS on a sloping
layer of gravel. Bituminous sheets with mineral
granules (and Ti-Zn flashing) were used
as a covering and waterproofing layer of the
roof.

Doors and windows were wooden, steel or
aluminium, using single or double glazing.

The most heat was lost by the buildings
envelope due to the low thermal resistance (U-
values) of the structures and bad air tightness
(especially around windows)

Heating, ventilation, cooling and lighting
systems

Heating and DHW systems are supplied by
district heating from a nearby (gas burning)
heating plant to central (water-water) heat
exchanger. No cooling system is installed in
the school.

Most of the school uses natural ventilation by
windows. Individual ventilators were installed in
store rooms, toilets and bathrooms. Only block
B had mechanical ventilation.

Bulbs and fluorescent tubes were used for
lighting.

-
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Atrium in the middle of the main block before the
renovation. [1]

U-Value U-Value
before after
Element - ;
renovation renovation
W/m2K W/m2K
Facade 3873 1.06 0.20
Ceiling 5325 0.97 0.15
Windows, o505 150-565  1.057 1.70
doors
Roof 5325 0.58171 0.86 0.157 0.16




Energy renovation features

Heating:

Ventilation:

Energy saving concept

Main goal of the renovation was to improve the user comfort and energy
performance of the school buildings.

A After a debate it was decided that the s ¢ h o envefope, heating, DHW and
mechanical ventilation systems will be renovated according to low-energy
standards.

A During the renovation it was decided to install a photovoltaic power plant on
the roof to improve the environmental impacts oftheb u i | dusen g 6 s

Building

A Additional thermal insulation (ETICS) made of expanded (EPS) or extruded
(XPS) polystyrene or mineral wool was installed on the walls and roof. Also Photovoltaics:
new waterproofing was installed on the roof. New U-values of thebui | di ngds
envelope vary between 00.16 W/m2K (roof) and 00.20 W/m2K (walls).

A Most of the doors and windows in the b u i | ddnvelgpé svere replaced.
New doors and windows have plastic or aluminium frames with double and
triple glazing, with U-value O 1.70 W/m2K. Also a new exterior shading
system was installed on c | as s r omndowsdto improvetheuser 6s
(students and staff) comfort during sunny weather.

Technical systems

New compact heat exchanger station is located in the
basement of block B. The school is heated using 276 (112
original) cast-iron radiators and 8 steel-stone heating desks.
The radiators are fitted with thermostatic valves and heads.
Steel pipes with equithermal regulation are used to supply
the radiators. The temperature gradient in the heating
system is 75/55/AC. Heating s y s t efficiescy is 95 %.

During the renovation the original mechanical ventilation
system in block B was removed and replaced by new one
(with heat recovery). Sy s t e maxsnum output is 15000
m3/h of fresh air. Ventilation of storerooms in the
basement of block B uses separate ventilation
(500 m3/h). The boiler room in block A is ventilated by an
overpressure system (500 m3/h). All toilets and
bathrooms are ventilated using manually operated
ventilators with timers. Storage rooms in the school (except
block B) can be ventilated naturally by windows or by new
manually operated supplementary ventilators (also manually
operated with timers). All ducts are made of galvanized steel
and have rubber silencers to reduce the noise (< 50 dB).

A photovoltaic power plant was built on the part of the A
b | o cr&ob during the renovation. 324 PV panels (415.53
m?2) with output of 205 Wp per panel were installed. The
calculated peak output is 66.42 kWp. The panels are installed
at optimum 30Ancline and are oriented to the south. The
municipality d i d hadet enough funds to build the power
plant themselves, therefore they agreed to a proposal from a
private company i the company rents the roof (where the
power plants stands) for a yearly fee. This income is
subsequently re/invested in the school. The power plant is
connected to the public network, therefore its has only
indirect impacts on the school itself.
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Achieved energy savings, CO, reductions and Costs

Before renovation Energy consumption

Heating: 107.22 kWh/mZ2a

DHW: 14.76  kWh/m?a

Heating+DHW: 121.98 kWh/m2a

After renovation Energy consumption Savings
Heating: 35.37 kWh/m2a 67.0 %
DHW: 13.95 kWh/m2a 5.5%
Heating+DHW: 49.32 kWh/m2a 59.6 %

Energy savings and CO, reduction

Thanks to improved thermal properties of the school b ui | d énuwetpgedand
renovation of the heating system the heating energy consumption was reduced by 67
%.

Retrofitting of heating and DHW system lead to 5.5 % savings of energy required for
DHW production and distribution. This little decrease in energy consumption can be
guestioned, because it does not truly describe the efficiency of the renovation. As a
part of the renovation of the DHW system the original DHW circulation circuit
(previously out of order T clogged with scale) was repaired. This caused increase in
the DHW consumption. Despite this the overall DHW energy consumption still
decreased, which proves the efficiency of the renovation.

Note: All the data about energy and CO, reductions are related to the net floor area.

Calculated CO, production before renovation 58.9 kg CO,Eq./m2a
Calculated CO, production after renovation 34.9 kg COZEq./mZa
Reduction: 40.7 %

Renovation costs

Total 1.43 Mi Il lion

u

This amount includes all the costs related to the renovation i the renovation of the
building, renovation of the outdoor sport facilities and restoration of the surroundings to
the original state.
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Photovoltaic panels installed on the roof of the A block. [2]

Energy production

Photovoltaic power plant installed on the roof of the s ¢ h o bldclé s

A has maximum calculated output 66.42 kWp. The PV is owned by
the school and the generated electricity is used to cover its own
electricity demand.

Between September 2009 (installation) and February 2014 (this
report) the power plant produced 334.39 kWh of electricity.

The power plant is owned by a private company and supplies
electricity to the public network. The municipality receives a
payment of 2.200 G annually for renting the s ¢ h o oobf dosthis
purpose.
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Aeri al view of the school 6s A block
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Overall improvements

Energy benefits Co-benefits
Energy savings: 72.51 kWh/m2a Overall the renovation of the school
(heating, DHW, ventilation, lighting) buildings and grounds improved:

Energy from PV: ~ 72.48 MWh/a (and owned by the school) A Comfort of the users (students and
staff). E. g. the new equipment is

Indoor climate technical improvements easier to use and maintain.

The indoor climate was improved due to: A New possibilities for active
spending of leisure time for
students and general public are
open thanks to the new sport
facilities

A Renovation of the s ¢ h o ervalope. This reduced the
heat losses and improved thermal stability of the rooms.
Thanks to the better air tightness the previously common
drafts (through the original windows) disappeared.

A Overall improvement of peopl €0 s
perception of the building and
surroundings

A Partial replacement and re-regulation of the heating and Aerial view of the renovated school and its surroundings. [3]

DHW systems improved their efficiency and ease of use.

A Installation of exterior shading sunblind's on the windows
improved problems related to overheating in summer.

|

L |
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New ventilation unit (left) and heating system (right). New bouldering wall. New ventilation unit (left) and heating system (right).
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Summary

Acknowledgements

Three blocks of Elementary School Kaminky 5 in Brno i Novy Liskovec were
renovated. The building envelope (walls, roofs, ceilings and floors) was insulated
using EPS, XPS and mineral wool. New waterproofing was installed on the roof.
Heating, DHW and lighting systems were partially replaced and reconstructed.

To decrease the negative environmental impacts of the operation of the school a
photovoltaic power plant was installed on the roof of the s ¢ h o mdindleck.
Above mentioned measures decreased heating and DHW energy consumption
by 59.6 %. Also the renovation has positive socio-cultural impacts i the aesthetic
value of the school had risen due to the renovation. Also the surroundings of the
school (playgrounds, park, etc) were renovated and refurbished during the
construction.

Special thanks belong to:

A staff of Borough Office Brno - Novy Liskovec for interest in
collaboration on this project

A staff and students of Kaminky 5 elementary school for
cooperation during in-situ inspections and interviews

A MENHIR projekt s. r. o. for sharing the necessary data about the
renovation

A Grant No. 2112 of Brno University of Technology for support
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Main entrance to the school after renovation.
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4. Koniklecova 4, Brno-Novy Liskovec

Project summary

Energy concept: Renovation to low-energy / passive house standard Site: Koniklecova 467/4, 634 00 Brno-
) Novy Liskovec, Czech Republic

Background for the renovation: Altitude: 325m

Intention for the renovation: Heating

degree days: 3712 (base temp. 13AC)

A Overall modernization of the aging building
A Improvement of inner conditions Cooling 0

L . . degree days:
A Significant reduction of energy consumption

Owner: Statutory City Brno

Architect: MENHIR projekt, s. r. o.

Martina K a g p a (Borough

Contact Person: Office Brno-Novy Liskovec)

Renovation started: 2009

Renovation ended: 2010

Data collection: Autumn 2014

Building description / typology

A Block-of-flats

A Built: 1983

A Capacity: 60 flats (47.21 to 75.17 m2)

Street (western) view of the Koniklecovéa 4 block-of-flats before (left) and after (right) renovation. [1]

w Net heated floor area5412 m?
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Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

Described block-of-flats was built during the
80s dusing B 70 R/K structural system.

The building has 12 floors and a basement.
There are 60 flats in the building (5 flats/floor).
Total net heated area of building is 5412 m2.
The building is owned by municipality and
serves as a housing for socially
disadvantaged.

Building envelope

External walls are made of reinforced concrete
panels (200 and 270 mm) with in-built EPS
thermal insulation (approx. 60 mm).

The building has flat cold roof (with ventilated
air cavity). The superstructure of the roof is
made of reinforced concrete panels. It was
originally thermally insulated using 120 mm

Ground plan of the A block6 & floor i classrooms.
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of mineral wool. The roof was covered by
bituminous sheets with mineral granules. The
attic wall was covered by Ti-Zn flashing.

Doors and windows in the building were
wooden, steel or plastic (result of previous
renovations and maintenance), using single or
double glazing.

The most heat was lost through the building
envelope due to low thermal resistance (U-
values) of the structures and problems with air
tightness - especially in and around window
and door openings, where the sealing (even
though repeatedly replaced) was in bad
condition.

Heating, ventilation, cooling and lighting
systems

Heat energy for heating and DHW systems are
supplied by district heating from a nearby (gas
burning) heating plant to central (water-water)
heat exchanger.

No cooling is installed in the building.

The building is mostly naturally ventilated
Small ventilators are installed only in kitchens,
toilets and bathrooms of individual flats to suck
off odours and vapours into central ventilation
shafts. These ventilation shafts are running
through the whole height of the building.
Exhaust air outlets are located on the roof.

Manually operated bulbs and fluorescent tubes
(with timers in common areas) were used for
lighting.

Eastern view of Koniklecova 4 block-of-flats before the
renovation. [2]

U-Value U-Value
before after
Element - :
renovation renovation
W/m2K W/m2K
Facade 3048 0.781 0.80 0.17171 0.24
Ceiling 407 1.13 0.33
Windows, 881 1207 5.65  1.057 1.70
doors
Roof 441 0.50 0.15




Energy renovation features A Additional thermal insulation (ETICS) made of expanded (EPS) or
extruded (XPS) polystyrene or mineral wool was installed on the
external walls, ceiling of the ground floor and roof.

A The concept of the roof was changed by the renovation from a cold
roof (with ventilated air cavity) to a warm roof (air cavity not ventilated)
i all the ventilation openings were sealed . This simplified the energy
concept and reduced heat losses through the roof. New bituminous
waterproofing was installed on the roof.

A Open balconies were converted to closed loggias with sliding windows.
This reduced the heat losses through the balcony doors and windows
DETSKE HRISTE | il and improved year-long use of the space.

URLEND PRO DETI DO 8 LEY
A DOPROVOD S t m
TARAZ VSTUPY SE PSY ys e s
A JINTWI 2ViRATY
TAKAZ wOUkEN

UBRLLITE ST  PokAue Heating: Energy for heating and DHW is supplied by two
g g horizontal counter-flow heat exchangers in a boiler

room on the ground floor of the building. The heating
system has two main sections (East and West)
representing east- and west-oriented flats. Both sections
have equithermal regulation. There are gilled radiators

n
o
m
n
n
L
m
n
n
n
n

Energy saving concept installed in the whole building. All the radiators have

o o i thermostatic heads (since 2002). During the renovation
Slm_llarly to the _other Cze_ch shining gxample, Elementary School Kaminky 5, the measuring and regulation equipment was replaced.
main goal of this renovation was to improve the energy performance of the Electronic sensors of exterior temperature were installed.
building: Old circulation pumps were replaced by new ones with
A The b ui | denwelgpé svas to be renovated according to lowi energy and electronic regulation. Old damaged valves and heads

passive house standards were replaced.

Ventilation: Original ventilation equipment was both morally and
technically outdated, damaged and partially inoperable. It
was decided to leave original ducts in central shafts in
place. Only the noise silencers and outlets on the roof

A Replacement of lighting in common areas of the building using energy-saving were replaced. Individual ventilators  (kitchens,

components bathrooms, toilets) as well as the ducts connecting them
with the central ducts were replaced. They are operated
manually (with timers) by the users.

A Renovation of heating and DHW to reduce the energy loses of their
respective distribution systems. Renovation of ventilation systems in
individual flats to improve its efficiency and reduce noise.

Building

A All wooden and metal doors and windows in the b ui | denwelgpé svere

. o ) i Designs for installation of a modern HVAC system is
replaced. New doors and windows have aluminium or plastic frames with g y

triple glazing currently being prepared and borough office will submit a

’ government subsidy application to finance this system.
After installation of this system the building will reach
passive house standard. 42



Achieved Energy Savings, CO, reductions and Costs

Before renovation Energy consumption

Heating: 97.23  kWh/m2a

DHW: 32.35  kWh/m2a

Total: 129.58 kWh/m2a

After renovation Energy consumption Savings
Heating: 24.89  kWh/m2a 74.40 %
DHW: 25.82  kWh/m?2a 20.20 %
Total: 50.71  kWh/m2a 60.87 %

Energy savings

Improvements in thermal properties and air tightness of the b u i | denwelgpé and
renovation (including re-regulation) of the heating system reduces the heating energy
consumption by almost %. Thanks to this the renovated building easily meets Czech
low-energy standards ( 22,95 kWh/m2a < 50 kWh/m?Za). Original heat exchangers in the boiler room (before renovation). [2]

Renovation of DHW system brought above 20 % savings of energy required for DHW
production and distribution.

Calculated CO, production before renovation 77.9 kg CO,Eq./m?a
Calculated CO, production after renovation 49.3 kg CO,Eq./m?a
Reduction: 36.7 %

CO, reduction

The renovation reduced the CO, production of the building by approximately m. The
largest savings were achieved by reducing the heating energy consumption. Before
renovation heating of the building produced 35.0 kg CO,Eq./m2a, while after
renovation this was reduced to only 11.6 kg CO,Eq./m?a (66.8 % reduction).

Note: All the data about e energy and CO, reductions on this page are related to the
net floor area.

The attic during the renovation - installation of additional thermal insulation over the

Renovation costs attic to reduce the thermal bridge (left) and a view of the new
waterproofing/covering layer made of mPVC sheets (right). Precise design and
Total 770.000 G construction of structural details are crucial for proper function of any energy
efficient building. [1]
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Overall improvements

Energy benefits
Energy savings: 81.06 kWh/m2a
(heating, DHW, ventilation, lighting)

Indoor climate technical improvements
The indoor climate was improved due to:

A Reduction of heat losses and draught through the
bui | dehvelgps. 6

A Renovation and re-regulation of the heating, DHW and
lighting systems

According to survey among the tenants, the renovation
significantly reduced overall energy consumption of the
building which lead to lower the operating costs. Also the
indoor climate has improved. Installation of thermal insulation
and new airtight windows and doors improved the thermal
comfort and stability in the individual flats i e.g. there are no
more drafts around the windows, which had a negative
influence on the indoor climate, especially in winter.

Co-benefits
The overall renovation of the building also improved:

A User comfort of the tenants. New equipment, windows,
doors, etc. are easier to use and maintain than original
ones.

A Aesthetic perception of the building and its surroundings
has improved after the renovation. The renovation of the
building was related to other works - renovation of
surrounding pavements, playgrounds, etc. i which also
had positive impact on the living conditions.

Main entrance before (left) and after (right) renovation. [2]

Aerial view of the Koniklecova 4 block-of-flats. [3]
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Summary

Koniklecova 4 block-of-flats was renovated. The building envelope (walls, roofs,
ceilings and floors) was insulated using EPS, XPS and mineral wool. Doors and
windows in the b ui | d envejopes were replaced by new ones. New
waterproofing was installed on the roof.

Heating, DHW, ventilation and lighting systems were partially replaced and
modern measuring and regulation equipment was installed.

Above mentioned measures decreased heating and DHW energy consumption
by 60.9 % - tenants survey confirmed that there are significant savings in energy
consumption since the renovation.

The renovation also had positive impact on the aesthetic perception of the
building and its surroundings.
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5. Sems Have, Roskilde

Project summary
Energy concept: Insulation, ventilation, PV system, heating system

Background for the renovation:
Renovation and conversion of a dormitory/day-care centre into 30 low energy apartments:

- Conversion as the buildings could no longer be let out for the original purpose
- Improved thermal envelope i walls, roof and windows

- Balanced mechanical ventilation with heat recovery

- New (district) heating system

- PV system for reaching nearly-zero energy (Danish Building Class 2020)

- Improved architecture

The two blocks of Sems Have before the renovation (to the left) and after the renovation (to the right).

Site:
Altitude:

Heating
degree days:

Cooling
degree days:

Owner:
Architect:

Engineer:
Contractor

Parkvej 3-5, DK-4000 Roskilde

35m

2906 (base temp. 17AC)

Housing Association Zealand

Kullegaard Arkitekter
Terkel Pedersen
Daurehgj Erhvervsbyg A/S

Contact Person:

Charlotte Szgts
Housing Association

Zealand
Renovation started: 2012
Renovation ended: 2013
Data collection: Summer 2014

Building description / typology

- 2 blocks

- Built: 1973 7 new windows and additional insulation

in 1995

- General information: Energy label C before

renovation

- Gross heated floor area: 3,626 m2 after renovation
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Building envelope, heating and ventilation system before the energy renovation

Description of building
Sems Have originally consisted of:

- block A containing a day-care centre at the
ground floor and a dormitory at 1st to 3 floor.

- block B containing a day-care centre at the
ground floor and a hall for e.g. music at the
1stfloor.

The buildings were rented by the municipality,
however, when the municipality terminated the
lease, the housing association was left with
buildings which could not be rented out.

Energy demand

Before the renovation, the buildings were rated
at energy class C buildings. So the energy
demand was not the reason for the renovation.
The buildings were renovated since they could
not be rented out due to their layout and

The roof of block A was insulated with 200 mm
mineral wool. The horizontal part of the roof of
block B was insulated with 150 mm mineral
wool while the mansard part of the roof was
insulated with 125 mm mineral wool.

Basement: walls against soil had no insulation,
the rest had 50 mm mineral wool. Floor slap in
basement consisted of 200 mm expanded clay
aggregate below the 100 mm concrete slap.

Heating and ventilation systems

The buildings were heated by district heating
with an indirect two-line radiator circuit.
Domestic hot water via a 2,500 litre tank
insulated with 100 mm mineral wool.

The day-care centre and the halls (in block B)
were ventilated by balanced mechanical
ventilation with heat recovery below 60 %. The
dormitory and the basements were naturally
ventilated.

Block B before renovation.

because they were worn down. Area U-Value U-Value

Building envelope ) . after before after
retrofit retrofit retrofit
W/m2K W/m2K

Element

Both blocks had a loadbearing internal

concrete construction with panel walls

containing 125 mm mineral wool + in 1995 Panel 1.497 0.2 0.2

extra 100 mm mineral wool was added. The U- walls

value before the renovation was thus quite Gable 294 0.3 0.3

good, but the walls were worn down and walls ' '

needed replacement. The U-value before and Windows

after the renovation is, therefore, identical. doors ' 568 2.8 1.0

Ujfah‘j"g”o‘ioz"."gw"}’g& double glazed with a Roof 1043 0.20.32 0.09
Block A before renovation Floor over 970 23 11

basement
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Energy renovation features

Energy saving concept

The building had to be renovated since they could not be let out due to their
layout and because they were worn down:

Conversion from day-care centre and small dormitory flats to 30 up-to-date
and affordable apartments of 67-145 mZ,

Nearly-zero buildings (Danish Building Class 2020).
Large PV system.

Building

Everything except for the internal concrete construction and the roof
insulation of block A was removed.

The mansard part of the roof of the 1%t floor (hall) of block B was re-placed
with vertical walls identical to the other walls of the buildings.

New pitched roofs in order to allow for 400 mm insulation.

The hall at the 1stfloor of block B was divided into 7 apartments with an extra
floor in part of the apartments leading to an increase of the total gross floor
area of the buildings of approx. 10 %. The living rooms are of double height.

Systems

Heating: New district heating substation, radiator circuit, two new
domestic hot water tanks of each 1,000 litre with a heat loss
coefficient of 3.7 W/m2K, new domestic hot and cold water
pipes.

Ventilation:  The flats are ventilated by balanced mechanical ventilation with
heat recovery. SFP factor: 2 kJ/m® and efficiency of heat
recovery: 84.

Lighting: New lighting T LED and low energy fluorescent tubes - in the

staircases.

Element After renovation

Prefabricated elements:
Internal: 2x12.5 mm gypsum plates

240 mm mineral wool

9 mm fibre cement board
External: 63 mm air gap behind slate tiles

Exterior walls

Triple glazed low-energy windows with 2 layers of low-E

Windows, doors coating and Argon between the glasses.

Block A: originally 200 mm mineral wool + added 200 mm
Roof extra insulation: total 400 mm
Block B: new insulation: 400 mm

Renewable energy systems
Two PV system of totally 117 m? with a performance of 17.3 kW,,.

block A

solar panels

Cross section of block A (to the left) and block B (to the right) after the renovation.
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Achieved Energy Savings and Costs

Energy consumption for space heating and hot water before and after renovation: Calcc:julatled energy savings and PV
production

Annual district heating consumption for both buildings incl. basement:

before renovation - measured: 508 MWh/year * Annual saving of district heating: 329 MWh/year

after renovation - calculated: 179 MWh/year * = 214000 DKKl/year.

Energy savings i district heating: 329 MWhlyear = 65 %

Before the renovation the electricity demand for
ventilation was 57 MWh/year. This demand is
after the renovation calculated to 20 MWh/year.
Savings: 37 MWh/year = 81000 DKK/year

*incl. heat losses from the basements i.e. equal to the numbers on the energy bill from the district
heating company. This can thus not be compared with the below calculations. The savings of district
heating lead to the following annual savings: 38.8 tCO,, 5.6 tSO, and 44.4 tNO,.

Energy consumption after renovation i calculated using the Danish calculation tool Be10: PV electricity production:

Net mean space heating demand : 9.4 kWh/m2gross area ** _

Net mean domestic hot water demand: 13.7 kWh/m2gross area 13 MWhyear = 29000 DKKIyear.

Building related electricity demand: 6.0 kWh/m2gross area Estimated total annual savings valued to be:
Electricity production from PV panels: 3.6 kWh/m?2gross area 89 DKK/m2 = 12 EUR/m2.

Primary energy demand minus PV production: 16.2 kWh/mz2gross area

Danish Building Class 2020 *** (nearly-zero energy) is 20 kWh/m2gross area

** not including the basements. The calculation is based on standard demands not on real demands
*** primary energy factors in 2020: district heating 0,6 and electricity 1.8

Renovation Costs

million DKK / kDKK/m2 /

EALEL million EUR  kEUR/m?
Craftsmen 44.31/5.91 12.2/1.63
Consultants 5.19/0.69 1.43/0.19

Various building

project costs * 22.89/3.05 6.3/0.84

148\ From 2015 to 0.23/0.03  0.06/0.01 New balconies
r; [ - T 2020 * Repayment of old loans, building owner fee, municipality
- = A Total 72.6279.68 20/2.67 and state charges and fees, stamp duty for a new
The two buildings after renovation. mortgage etc.
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Overall improvements including non-energy benefits

Energy

Savings: heating 329 MWh/year
electricity 37 MWh/year
PV production: 13 MWhlyear

Indoor climate technical
improvements

The indoor climate was improved
due to:

- Balanced mechanical
ventilation with heat recovery

- Less heat loss and draught
through windows and doors

Economics

The buildings had to be severely
renovated or demolished as they
could no longer be used for the
original purpose.

The Housing Association wanted
at first to renovate (not including
the basement) according to Low
Energy Class 2015 (30.5
kWh/m?2). However, as Building
Class 2020 (20 kWh/m?2) would
only cost 232.000 DKK (31,000
EUR) or 0.3 % extra - for the PV
systems, better windows and
extra 60 mm insulation on the
roof - it was chosen to go for the
Building Class 2020 instead.

Decision making process i
barriers that were overcome

- Difficult to get the approval from
the municipality to change the

status of the buildings from
dormitory/day-care centre to
residential.

- Difficult to comply with modern
acoustic requirements.

- Removal of PCB, asbestos and
paint containing lead.

Economic consequences for the
tenants

Due to the change in the status of
the building there is no point in
comparing the rent before and after
the renovation.

Rent after: 897 DKK/m2/year
= 120 EUR/m?/year (excl. energy)

The rent is comparable with the rent
of other apartments of  similar
quality in Roskilde. But the annual
expenses for energy use is lower
than in similar buildings.

Co-benefits

The renovation has resulted in:
Up-to-date affordable apartments which can be rented out

Improved architecture
Improved indoor climate

New sewer system, new- cold and hot-water system and new

electrical system

New lighting in the staircases
New kitchens and bathrooms
Balconies for some apartments
Elevator to apartments in block A
Improved surroundings

Saved CO, due to the conservation of the concrete structure
Prestige: nominated to a renovation award

User evaluation
The users are very content with:

The quality and layout of the
apartments

The indoor climate

The improved architecture and
surroundings

However, the best indicator of the
users opinion of the new apartments
is that there is a waiting list to get an
apartment.

B
2l
=

=R S

One of the gables.
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Summary

Summary of project

Two buildings containing a dormitory, day-care centre and a hall were
successfully transformed to up-to-date nearly-zero energy residential
apartments.

Only the concrete structure and the insulation of the roof (the latter in one
building) were preserved. The preservation saved money and CO,.

The renovation was financed like new social housing (not subsidized). The rent
of the apartments is comparable with other apartments of the same quality in
the area. The new apartments are very popular.

New internal walls and inserted deck at the first floor of block B.

51

Experiences/lessons learned

The experience of Housing Association Zealand is that it is a good
idea when performing deep energy renovation to strip the building
down to the loadbearing constructions and add a new thermal
envelope instead of trying to improve the original thermal envelope.

It is a challenge to upgrade existing buildings to contemporary and
future-proof apartments especially if the new design uses other
module lines etc. than the original design.

The concrete structures (including decks) were maintained, however,
this made it difficult to comply with modern requirements regarding
acoustics.

PCB, asbestos and paint containing lead had to be removed from the
building and safely deposited.

The Housing Association experienced difficulties in obtaining approval
from the municipality to change the status of the buildings from
dormitory/day-care centre to residential.

The new improved apartments and architecture has been well received
by the tenants. There is at the moment a waiting list for persons who
would like to rent an apartment in the buildings.

Sems Have has been nominated to the renovation award Renover
2014.
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6. Skodsborgvej, Virum

Project summary

Energy concept: Total renovation to reduce energy consumption and improve indoor climate

Site: Skodsborgvej, Virum, Denmark
Background for the renovation: Altitude: 27m
b The double-storey detached house from 1927 is situated in Virum, 20 km north of Copenhagen. In Heating degree 2006 (base t 170G
December 2011, a small family bought the house. The family wanted to renovate the house in order days: (base temp. )
to enjoy the house more in the future. Therefore, the family contacted an energy adviser who audited Thomas Brerup & Susanne Kragh
the house, and together they made a plan for the energy renovation of the house. Owner: Rasmussen

b They wanted an energy renovation because it was difficult to heat the house to a satisfactory
temperature, and the house had a bad indoor climate and also they wanted a bigger bathroom in the
basement. Therefore, they borrowed money to finance these renovation measures. Engineer: Susie M. Frederiksen

Architect: -

b As a result of the cooperation with the energy adviser, the energy renovation was given high priority,

both because it would save money and provide comfort and improve the indoor air quality.
Susie M. Frederiksen,
Danish Knowledge Centre
for Energy savings in
buildings

Contact Person:

Previous

; 1941, 1951, 1954
renovations:

Renovation started: 2012
Renovation ended: 2012
Data collection: January 2014

Building description /typology

b Two-storey villa with red bricks and red tiled roof,
built in 1927

b Energy label G
b Gross heated floor area: 121 m?2

Figure: House seen from the road i before renovation and from the garden after renovation
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Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Building envelope

The first floor had a very low level of insulation
and suffered from draught, which made it quite
uncomfortable during winter. For the same
reasons it was almost impossible to heat the
first floor to a satisfactory temperature. The
mansard walls were partially insulated (ranging
from O to 100 mm) and the roof spaces were
completely uninsulated. The collar beam
ceiling was insulated with 200 mm of insulation
except the pediment towards the road which
was insulated with only 100 mm. None of the
roof spaces were insulated - neither on the
wall towards the rooms nor on the floor
towards the rooms of the ground floor. The
front tip towards the road consisted of an
uninsulated solid brick-wall. The rooms on the

first floor beyond the above mentioned were
insulated with cellotex.

7
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The bathroom in the attic was insulated with
25 mm of insulation

The ground floor and gable cavity walls were
already insulated with injected foam, which
was often used during the 1960-70s. The
insulation was surprisingly found to be intact.

The windows were replaced by a first
generation of double glazing during the 80s.

Heating, ventilation, cooling and lighting
systems

The house was heated with central heating
from 1954 supplied from a gas boiler from the
80s. The house had no ventilation system, i.e.
natural ventilation was used.

e

From left to right: 1. The old gas boiler and tot water tank. 2. Installation of the new B-labbeled balcony door 3. Existing insulation in the loft

Seen from the garden before renovation

The new vapour barrier on the loft



Energy renovation features

U-Value before U-Value after

RS renovation W/m2K renovation W/m2K

Energy saving concept

Overall renovation in order to reduce the energy consumption and improve the Collar beam ceiling 0.30 0.14
indoor environment Sloping walls (manzard walls) 1.00 0.16
Technologies

) Roof spaces in attic 0.90 0.11
b Insulation of envelope
b New glazing in windows Solid brick walls 1.65 0.29
b Solar heating plant Light walls and flat roof 1.00 0.20
b Condensing gas boiler .

Windows and balcony door 2.80 1.40

b New valves
b New insulation of pipes Figure: U-values before/after renovation
b Balanced ventilation with heat recovery

Renewable energy systems

Building b Solar heated water - 4.7 m? solar panels and 300 litre solar tank

U-values for constructions before/after renovation can be seen in the table.
b Ceiling - from 100 to 400 mm

Sloping wall T from 0/25/100 mm to 200 mm

Roof spaces in attic - from 0/25/50 mm to 300 mm

Solid brick walls 7 from 0 mm to 100 mm (inside)

Light walls and flat roof i from 25 mm to 150 mm

Double glazed windows/doors - replaced by low energy windows/doors

oo o o oo

Balcony door i replaced by low energy balcony door

Systems

b Gas boiler i replaced by modern condensing boiler

b Radiator valves 1 replaced by thermostatic valves w. electronic control
b Installed weather compensation and night setback
b

Insulation of hot water, heating system and other pipes from existing 0/20
mm old insulation to 40 mm new insulation

Pediment in the bedroom with new balcony door - almost ready to move in.
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Calculated Energy Savings, CO, reductions and Costs

Energy consumption, calculated Before renovation After renovation Calculated:

Energy consumption 39941 kWh (3631 mé gas) 21087 kWh (1917 m? gas) The calculated savings are approx. 18.000 kwh
i which means that the energy bill is cut by

Energy consumption pr. m?2 327 kWh/m?2 172 KWh/m2 approx. 47%.

Useful m2 121 (but very cold) 121 (now 1. floor is comfortable)

Energy label G D User evzflluatlon:. .
In the first heating season the energy bill was
cut by 25% and the heated area in reality
increased by 100%.

Costs DKK/EUR DKK/m?2 /[ EUR/m?2

Craftsmen incl. consultants 330.000 / 44.236 2705/ 363 Investment and savings:

Subsidies (Craftsmen-deduction and from energy-utilities) 48.000/ 6.434 393/53 TOte_ll investment (DKK/EUR): 282.000/ 37.802

_ _ - Savings pr. year (DKK/EUR): 15.000/2.010
Total renovation price (after subsidies) 282.000/ 37.801 2330/ 312 Simple payback (years): 19
Increased value of the house (due to better energy label) 306.000/41.018

Energy renovation Savings kWh/a Reduction ton CO, Savings DKK/EUR pr. year
Insulation of roof spaces in attic (space under the roof slope) 1850 0.4 1450/194
Insulation of mansard walls (sloping walls) 1st floor 1800 0.4 1400/188
Replacement of glazing in windows and balcony door in the pediment 2000 0.4 1600/214
Solar heating plant for domestic hot water 2350 0.5 1850/248
Ventilation with heat recovery 4700 1.0 3700/496
Old gas boiler replaced by new condensing gas boiler 5300 1.1 4200/563

Replacement of thermostatic radiator valves to new ones with electronic control

Insulation of domestic hot water pipes and valves 2000 0.4 1600/214

Weather compensation and night setting and balancing/ controlling of the system 2200 0.5 1750/235
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Overall improvements, experiences and lessons learned

Energy
Annual savings: 18.000 kWh

Indoor environment

o o o o

b

No draught - no cold walls - no moisture - no mould

No condensation on the glazing of the windows

The air is being changed without opening the windows
Before renovation it was not possible to heat the first floor

Now, the house is often heated only by the passive solar energy i even in
winter

Thermostatic valves ensure that the temperature is right

. Co-benefits

b

The useable space (first floor) has increased, i.e. the family will use the
rooms upstairs far more

The family can place furniture etc. close to the wall without risking damages
(mould) and draught

Improvement of energy label leads to increased house price

b This investment ensures that the family can afford other investments in the

future

The roof-construction has been checked, and it is clear that it is a good
construction which will last for the next 20 1 30 years.

b Space better used (first floor)

No draught, no cold wall, no moisture or mould

Improvement of energy label leads to a higher possible price of the house.

Decision process i barriers that were overcome

As soon as the family bought the house, they realised that the house was
not very healthy to live in 7 and heating it was expensive. It was so cold
upstairs, that they had to wear outdoor clothing. The cold walls also
meant moisture and mould. So it was an easy and quick decision, that the
first floor had to be renovated with more insulation. The process started in
December 2011, where the energy adviser made the first audit and made
a plan for a total energy renovation; the family chose to carry out almost
the entire plan.

The energy renovation was filmed to be used as a © g 0 e @ a mpahdce 0
the energy savings were calculated by the Danish Energy authorities. In
June 2012 the family could move into their new first floor i after having
done the decorating themselves. The family is really happy that they
chose to spend money on the energy renovation: fi T hnew comfort is
really great value for us i and we can only advise other house owners to
do the s a m.eltdwas a relatively easy process for the family. They hired
an energy adviser who had knowledge about both the building envelope
and the technical installations and could plan the renovation and control
the work process with various craftsmen. i Weare really happy that we
made initiated the renovation immediately i and that we took the whole
energy renovation package. We no longer have doubts that this is a good
house and we really enjoy living ini t days Thomas Baarup.

Insulation of mansard walls and lost space walls in attic incl.
vapour barrier and internal insulation of the pediment 56



Summary

Thomas and Susanne's new house spent a lot of energy, and they could not use
the first floor as it was very cold and humid. Therefore, they contacted an energy
adviser, who made a plan for the energy renovation of the house, which included
as well the building envelope, heating system, ventilation and renewable energy.
Susanne and Thomas chose to implement insulation of the mansard walls, and
replacement of glazing in the windows and of the balcony-door. Furthermore
they replaced the existing gas boiler with a new condensing boiler. A solar
heating plant produces domestic hot water. A new ventilation plant with heat
recovery is installed, and the pipes are insulated. Thermostatic valves are
renewed, and the heating system is optimized. The family has thereby reduced
the energy bill by approx. 50%, and improved indoor climate, so they can now
use the entire house. The savings actually pay the loan for the renovation and ]
the price of the house is estimated to increase just as much as the cost of the
energy renovation.

Acknowledgements Electrical work was done by:
Electrician Kim Roy Kronkvist-Hansen
Roy Construction

Carpentry work was done by:

Thomas Guld, energy adviser, thatcher Ventilation Work was done By:
and carpenter PRO Ventilation

www.thomasguld.dk www.proventilation.dk
HMN Natural Gas A/ S

www.hmn.naturgas.dk/kunde/sparenergi
/

Plumbing work was done by:
Energy Adviser Morten Kithimann

Triton Plumbing aps i The dog Emil, Susanne, the daughter Elisabeth and Thomas enjoy their new home.
www.tritonvvs.dk

The masonry work was done by: References

Energy Adviser Ib Larsen [1] www.byggeriogenergi.dk

www.murerbiksen.dk [2] http:/iwww.byggeriogenergi.dk/renoveringscases/32258

[3] http://www.byggeriogenergi.dk/energirenovering-paa-
film/vejledning/32435
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7. Traneparken, Hvalsg

Project summary

Energy concept: Insulation, ventilation, control, PV-system
Site: Traneparken 2-20 | 4330 Hvalsg

Background for the renovation: Altitude: 47 m

The buildings had to be renovated because they were worn down. The overall intentions were to: Heating degree

. . . . davs: 2906 (base temp. 17° C)
b Renovate buildings because it was needed i especially the concrete external walls ays:

Improve energy conditions (insulation T windows i doors) 500"”9 degree
ays:

b
b Improve indoor climate
Owner: Hvalsg Boligselskab
b
b

Improve flats by adding and external balcony
Architect: ARKIPLUS 1969

Improve the outdoor areas

Sigfried Lorentzen

Engineer Radgivende Ingenigrfirma

Flemming @stergaard,

Contact Person: Building Association Zealand

Renovation started: 2011

Renovation ended: 2012

Data collection: Winter 2013

Building description /typology

b 3 blocks of prefabricated concrete sandwich
element buildings

b Built: 1969
b General information: Energy label E
b Gross heated floor area: 5293 mz

2 of the 3 blocks at Traneparken. The one on the left not yet renovated i the other after renovation. 58



Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

Traneparken consists of 3 multi-storey blocks of flats
situated in the village Hvalsg, 55 km west of
Copenhagen. Each block has 3 storeys and
altogether 66 flats. The residents are an average part
of the Danish population i except for 48 % being
singles (rather small apartments). However i there is
a rather big change of residents every year in
Traneparken.

Building envelope

The buildings are typical 1960- buildings made of
prefabricated enforced sandwich concrete elements
with approx. 50 mm insulation.

Between the windows are panel walls which were
insulated with approx. 6 mm insulation.

Floor insulation to basement was approx. 45 mm. The
roof was insulated with approx. 190 mm. Windows
were double glazed with U-value 1.8.

From there it is distributed to the 3 blocks.

There are pre-insulated domestic hot water
tanks in each block. Altogether there are eight
300 litre tanks.

The flats are ventilated by a mechanical
exhaust air system from bathroom, toilets and
kitchens.

Light: There are energy-saving-bulbs in all
indoor lights on the staircases. It is equipped
with automatic switch-off controls based on
presence detectors. Outdoor light has
automatic daylight switch-off.

The buildings seem rather igrag bor i ng¢

with problems from facades, windows, roofs,
etc. The indoor climate was bad and the
energy consumption was unacceptable large.

It was the intention that the renovation will
make Traneparken more attractive for existing

Facades i before and after

U-Value

U-Value

and new residents. Area

Element before after

renovation
W/m2K

m?2 renovation
W/m2K

Heating, ventilation, cooling and lighting systems

The buildings are heated by district heating let into Exterior 486 0.66 0.15
the basement of block A to a 200 kW plate heat- walls ' '
exchanger. o
QOrOVer 361 0.66 0.66
basement
Panel
wall 106 0.7 0.11
Windows, 55 2.4 0.8
doors
Facades i before and after Roof 333 0.2 0.09
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Energy renovation features

Energy saving concept

The goal was to renovate the buildings because they were worn down, so the
overall intention was to:

b

b
b

Renovate buildings because it was needed - the concrete external walls were
weakened by deterioration. At the same time external balconies should be
added to improve the flats.

Reduce the energy consumption

Improve indoor climate

Building

b

The exterior walls have been renovated: Supplementary thermal insulation is
added to the outside of the exterior walls. The external insulation is continued
to the base of the house to reduce thermal bridges. Cost: 12.5 million DKK =
1.67 million U (incl. VAT)

The roofs are renovated and insulated. Cost: 4.2 million DKK = 0.56 million G
(incl. VAT)

The windows and doors are replaced with 3 layers low-energy windows.
Cost: 0.85 million DKK = 114094 G (incl. VAT, excl. installation).

Systems

Heating: Nothing changed

Ventilation: The flats are now ventilated by a balanced mechanical

ventilation system with heat recovery. Exhaust air from
bathroom, toilets and kitchens and supply air to the
living rooms.

Lighting: No changes of the lighting - it is already up to date.

Renewable energy systems

Solar panels are installed for electricity production, with a performance of 33
kW, facing south

Element

(only block A)

Exterior walls

After renovation

Plus 190 mm insulation plus exterior
solid standard bricks
Now: 240 mm

Filling panels

Plus 285 mm insulation plus exterior

between solid standard bricks

windows Now: 330 mm

Windows, 3-layer low-energy windows with
doors aluminium i wood frame

Roof Plus 250 mm

Now: 435 mm

Facades i during works in upper floors

Facades i during works in base floor 60



Achieved Energy Savings, CO2 reductions and Costs

Renovation Costs

Calculated energy consumption:

before renovation: 728 MWh/year Total value Price / m?

after renovation: 502 MWh/year

calculated savings: 226 MWh/year Craftsmen 38 M DKK 7525 DKK/m2
Actual energy consumption measured over a 12 months period: 51 Md 1010 a/ mi
before renovation 2011 - 2012 736 MWh Consultants ~ 11.3 M DKK 2238 DKK/m?

after renovation 2012 - 2013 506 MWh 1.51 Ma 300.4 G/ m|
actual savings: 230 MWh

Total 49.3 M DKK 9762 DKK/m?

6.61 Ma 1310 G/ mj|

Calculated energy savings and PV production

Energy savings by reduced heat loss from the building
envelope is 120 MWh/year.

Energy savings by reduced ventilation loss is

106 MWh/year.

Total annual energy savings :
226 MWhlyear.
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Increased running costs for the ventilation system:
100.000 DKK/year =134000/ y.ear

PV electricity production:
30000 kWh/year = 60000 DKK/year /8054 0/ year
(~ electricity consumption in the common laundry).

Actual production from PV:

1t year of operation: 38159 kWh. Aerial view Non energy benefit§: More beautiful .buildings i better
ventilation and balconies
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Overall improvements, experiences and lessons learned

Energy

Savings: 226 MWh/year.

PV production: 30 MWh/year

Indoor climate technical improvements
The indoor climate was improved due to:

b mechanical balanced ventilation with heat recovery and a carefully adjusted
supply temperature

b Less heat loss and draught through walls, windows and doors

Economics

It was important for the economy that the buildings needed renovation because
of beginning deterioration. Therefore a large part of the renovation could be
financed from funding available for improving the present situation 7 a Danish
fund for social housing was used for this purpose: fLandsbyggefondena

Decision process

In social housing projects in
Denmark a majority of the tenants
has to agree on the decision. This
means very much information,
many meetings etc.

Co-benefits

The renovation has resulted in:
b New balconies

b New green surroundings

b Ventilation 1 better indoor
climate

Indoor climate

Practical experiences of interest for a broader audience:

The tenants are satisfied with the improved indoor environment. For
example: The benefits of the ventilation system: i n owe d o nhdve to
care about opening windows to change the a i f aind the costs for heating
has been considerably reduced, while the thermal comfort in the
dwellings has improved considerably.

A few tenants claim that the air is now too dry 7 during the
winter season.

It is expected that the former problems with mould will not
re-occur with the improved ventilation.

Economic consequences for the tenants
Rent before: 698 DKK/m?year
= 93.7 4/m)J/year

Rent after: 786 DKK/m?2/year
= 105.5 404/ mj/year

Increase: 88 DKK/m2/ year = 11.8 0/ m]/year
Energy savings: 226 MWh/year

Energy price: 700 DKK/ MWh = 94 ua/
Savings: 226 x 700=158.200 DKK = 31 DKK/m?/ year = 4. 2

IWh

a/

Users evaluation

The users are very content with:

b The new balconies i they increase the useful area of the flats

b A T tbeildings are more beautiful now so, we take betterc ar e 0
b The air quality

b The renovation process
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Summary

Summary of project

Three existing building blocks have been renovated with new facades, new
windows, additional insulation on the roof, mechanical ventilation with heat
recovery and a PV installation on the roof. The consultants succeeded in
informing the tenants and presenting the project in detail to them well before the
construction started. During the renovation process they were also good at
informing and just talking with the tenants. The tenants showed great patience;
probably because of the good information they had been given.

Traneparken has become a more attractive place to live and thus it will be easier
to find tenants for the apartments. It is also expected that the tenants will take
better care of their homes and the surroundings.

Experiences/lessons learned

It is important that the tenants get what they expect, so from the beginning it is
necessary to spend a great deal of effort on making sure that the expectations
are adjusted to what can be met in practice.

It takes longer time to plan and carry out a renovation than a new construction,
mainly because the apartments are inhabited. The inhabitants/tenants have to be
part of the decision process (tenants democracy is given by law in Denmark). The
time schedule is important i the tenants need to know when something is going to
happen in their dwelling.

It is cumbersome to carry out work in apartments, where people live i the
individual craftsman need to be considerate. There are sometimes conditions in
the individual dwellings, which are not known beforehand, so the project has to
be adapted to these i and there has to be money enough for this flexibility. In this
case there were sufficient financial room for particular considerations in the
individual dwellings and to solve unexpected problems, what always occur in a
renovation project.

The security at the building site has to be the very best i it has to take into
account the tenants and especially children living at the building site. The
consultants and the contractor succeeded at this in the Traneparken project.

190 mm insulation plus exterior solid standard bricks. Energy windows i aluminium i
wood, 3-layer energy glass. In the panel walls: 285 mm insulation plus exterior solid
standard bricks.

References
[1] Notat, Martin Ngrmarkve

[2] Helhedsplan for Traneparken, Hvalsg Boligselskab
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Project summary
Energy concept: Insulation, mechanical ventilation, solar thermal and PV-system

Background for the renovation:

The building was partly inhabited and used as a guesthouse of the convent of Order of St. Ursula and it
was abandoned from 2000; It reached a serious state of degradation and a high renovation was needed,
but there was a heritage architectural restriction about the external envelope.

Specific goal of project were:

to achieve A class energy classification according to Italian regulations;
to consolidate and to reinforce the building structure;

to improve the indoor thermal and acoustic quality;
to transform it in a prestigious residence with all comforts.

General view of the building before (left) and after (right) the intervention

Site: Treviso, Italy

Altitude: 15m

Heating . 2378

degree days:

Cooling 0

degree days:

Owner: Cazzaro Costruzioni S.r.l.
Architect: Imago Design - Domenico Rocco

Systems - Vincenzo Conte

Engineer. Structures - Giovanni Crozzolin
Contact Person: Mauro Cazzaro
Previous renovations: 1923 and 1950
Renovation started: 2008

Renovation ended: 2012

Data collection: October 2014

Building description / typology

Listed building located in Treviso, It was the old seat of
a Polish Institute

Total site area: 4500 m?
Gross heated area: 1800 m?
Gross volume: 6300 m3
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Building envelope, heating, ventilation, cooling and lighting systems before the energy renovation

Description of building

C a 8. Orsola is located in the historic centre of
Treviso, in North East of Italy, very close to the
Cathedral. The building was the old seat of
Polish Institute and now it is a listed building by
Historical and Architectural Heritage
Superintendence of Veneto.

Originally it was a convent and it was inhabited
until 2000 and during the time it keep intact the
original structure and architectural distribution.
Then it was bought in 2007 for acting a deeply
renovation and converting it in a prestigious
residential building. At the beginning of
construction phase the structure revealed a
quite ruined state of conservation: walls are
crooked and presented different solutions,
moisture affected wooden elements in the
floors and in the roof.

Building envelope

The construction system was based on bearing
masonry with covered solid bricks. The floor
had a wooden structure, while the ground floor
leaned directly on soil. The roof is made of
hollow tiles sheets with a wooden structure and
a lightweight ceiling slab. The windows frames
were made of wood and the windows used to
have a single glass. There is no insulation in
the external walls, roof and floors.
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Heating, ventilation, cooling and
lighting systems

In the building heating or cooling system was
not installed. Heating was provided by a
fireplace, also used for cooking, occasionally an
electric heater or portable fan coils was placed
in any room.

The domestic hot water was supplied by

electric heaters with storage tank; there wa s n 6 t

a ventilation system, so ventilation was made
by natural means.

Crooked walls, before renovation

U-Value U-Value

before after
Element . .

renovation renovation

W/m2K W/m2K
Facade 1300 0.90 0.18
Ceiling 508 1.65 0.79
Windows 140 2.70 1.95-2.04
doors
Roof 508 1.09 0.16

Demolished partition walls left and used as a substrate



Energy renovation features

Energy saving concept

The restructuring aims not only to heal a property that was under the limit of
sustainability from the structural point of view, but especially to retrain in terms
of energy and acoustic complex.

Technologies

The A energy class has been achieved by means of several design topics
among which:

A high insulated windows
high level of opaque walls insulation
mechanical ventilation system with heat recovery

solar thermal panels and PV systems

A
A
A
A water to water heat pumps and chillers

Building

The first step has been the measures taken to consolidate the building structure.
Subsequently a detailed study on thermal and acoustic bridges has been
developed with the aim to improve the indoor thermal and acoustic quality.

A Walls: the insulation is placed on the inner part of the wall and this solution
meet the requirements of the Superintendent preserving the existing materials
and the external architectural identity of the building. Specifically, two types of
insulating are used: an expanded polystyrene (EPS) foam, placed directly on
masonry, and a rigid Rockwool panel with a plasterboard cover;

A Roof: it was replaced with a new wooden structure and it was insulated with
wood fibber and water tight covering;

A Windows: all existing windows are replaced with a low-energy double layer
ones within wooden frames.

Technical systems

The HVAC generation system is a water to water centralized heat
pump/chiller. The underlying well is the hot/cold water source and internal
comfort is achieved exploiting a radiant system installed in the floor
together with a dehumidification system for the summer period.

Systems

A Heating and Cooling: 32 kW heat pump and distribution with radiant
floor system;

A DHW: 20 kW heat pump;

A Ventilation: mechanical ventilation system with heat recovery box with
95% efficiency.

Renewable energy systems

A Thermal solar panels for DHW production (20 m?2) installed in vertical;

A Photovoltaic power plant producing 3230 kWh of total annual energy.
The panels are installed on the roof and oriented to the south.

Radiant system
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Achieved energy savings, CO, reductions and Costs

Energy need Before renovation After renovation Saving
Heating kWh/m?2a 342.7 42.3 88%
DHW kWh/m?a 44.4 33.6 24%
Total kWh/m2a 387.1 75.9 80%
Energy label G A+

ggri::irc])ns Ic(t%qu/mza 298 58 81%

Energy savings and CO,reduction

Before renovation there w a s mdnirenewable energy consumption, so values
for calculated energy needs are presented and provide comparable thermal

comfort conditions. ) )
Photovoltaic system - TNT under flooring above systems

Value for DHW needs already includes the solar thermal contribution.

Costs EUR EUR/m2

Craftsmen 2.94 MO 1463. 421 0/

Consultants 130000 64. 712 al

Electrical and Plumbing 700000 U 348.43 0/

Total construction 3.77 MU 1876. 5% ul

Thermal solar and PV system 32000 15.920/ m

NPV 13 Years

Renovation costs

Construction cost excludes the costs for heating and DHW, the costs related to
the purchase of the area, charges, interest, taxes.

RES contribution
PV energy contribution: 3680 kwWh a
67 Mechanical ventilation system




