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Preface

The International Energy Agency

The International Energy Agency (IEA) was established in 1974 within the framework of the Organisation for
Economic Co-operation and Development (OECD) to implement an international energy programme. A basic aim of
the IEA is to foster international co-operation among the 28 IEA participating countries and to increase energy security
through energy research, development and demonstration in the fields of technologies for energy efficiency and
renewable energy sources.

The IEA Energy in Buildings and Communities Programme

The IEA co-ordinates research and development in a number of areas related to energy. The mission of the Energy in
Buildings and Communities (EBC) Programme is to develop and facilitate the integration of technologies and
processes for energy efficiency and conservation into healthy, low emission, and sustainable buildings and
communities, through innovation and research. (Until March 2013, the IEA-EBC Programme was known as the
Energy in Buildings and Community Systems Programme, ECBCS.)

The research and development strategies of the IEA-EBC Programme are derived from research drivers, national
programmes within IEA countries, and the IEA Future Buildings Forum Think Tank Workshops. The research and
development (R&D) strategies of IEA-EBC aim to exploit technological opportunities to save energy in the buildings
sector, and to remove technical obstacles to market penetration of new energy efficient technologies. The R&D
strategies apply to residential, commercial, office buildings and community systems, and will impact the building
industry in five focus areas for R&D activities:

— Integrated planning and building design

— Building energy systems

— Building envelope

— Community scale methods

— Real building energy use

The Executive Committee

Overall control of the IEA-EBC Programme is maintained by an Executive Committee, which not only monitors
existing projects, but also identifies new strategic areas in which collaborative efforts may be beneficial. As the
Programme is based on a contract with the IEA, the projects are legally established as Annexes to the IEA-EBC
Implementing Agreement. At the present time, the following projects have been initiated by the IEA-EBC Executive
Committee, with completed projects identified by (*):

Annex 1:  Load Energy Determination of Buildings (¥)

Annex 2:  Ekistics and Advanced Community Energy Systems (*)

Annex 3:  Energy Conservation in Residential Buildings (*)

Annex 4:  Glasgow Commercial Building Monitoring (*)

Annex 5:  Air Infiltration and Ventilation Centre

Annex 6:  Energy Systems and Design of Communities (*)

Annex 7:  Local Government Energy Planning (*)

Annex 8:  Inhabitant Behaviour with Regard to Ventilation (*)

Annex 9:  Minimum Ventilation Rates (*)

Annex 10: Building HVAC System Simulation (¥*)

Annex 11: Energy Auditing (¥)

Annex 12: Windows and Fenestration (*)

Annex 13: Energy Management in Hospitals (¥)

Annex 14: Condensation and Energy (*)

Annex 15: Energy Efficiency in Schools (*)

Annex 16: BEMS 1- User Interfaces and System Integration (*)

Annex 17: BEMS 2- Evaluation and Emulation Techniques (*)

Annex 18: Demand Controlled Ventilating Systems (*)

Annex 19: Low Slope Roof Systems (*)

Annex 20: Air Flow Patterns within Buildings (*)



Annex 21:
Annex 22:
Annex 23:
Annex 24:
Annex 25:
Annex 26:
Annex 27:
Annex 28:
Annex 29:
Annex 30:
Annex 31:
Annex 32:
Annex 33:
Annex 34:
Annex 35:
Annex 36:
Annex 37:
Annex 38:
Annex 39:
Annex 40:
Annex 41:
Annex 42:

Annex 43:
Annex 44:
Annex 45:
Annex 46:

Annex 47:
Annex 48:
Annex 49:
Annex 50:
Annex 51:
Annex 52:
Annex 53:
Annex 54:
Annex 55:
Annex 56:
Annex 57:
Annex 58:
Annex 59:
Annex 60:
Annex 61:
Annex 62:
Annex 63:
Annex 64:
Annex 65:
Annex 66:
Annex 67:
Annex 68:
Annex 69:
Annex 70:
Annex 71:
Annex 72:
Annex 73:
Annex 74:

Annex 75

Environmental Performance of Buildings (*)

Energy Efficient Communities (*)

Multizone Air Flow Modelling (*)

Heat, Air and Moisture Transport in Insulated Envelope Parts (*)

Real time HEVAC Simulation (*)

Energy Efficient Ventilation of Large Enclosures (*)

Evaluation and Demonstration of Domestic Ventilation Systems (*)

Low Energy Cooling Systems (*)

Daylight in Buildings (*)

Bringing Simulation to Application (*)

Energy Related Environmental Impact of Buildings (¥*)

Integral Building Envelope Performance Assessment (*)

Advanced Local Energy Planning (*)

Computer-Aided Evaluation of HVAC System Performance (*)

Control Strategies for Hybrid Ventilation in New and Retorfitted Office Buildings (HybVent) (*)
Retrofitting in Educational Buildings - Energy Concept Adviser for Technical Retrofit Measures (*)
Low Exergy Systems for Heating and Cooling (*)

Solar Sustainable Housing (*)

High Performance Thermal Insulation (*)

Commissioning of buildings HVAC Systems for Improved Energy Performance (*)

Whole Building Heat, Air and Moisture Response (MOIST-ENG) (*)

The Simulation of Building-Integrated Fuel Cell and Other Cogeneration Systems
(COGEN-SIM) (*)

Testing and Validation of Building Energy Simulation Tools (*)

Integrating Environmentally Responsive Elements in Buildings (*)

Energy-Efficient Future Electric Lighting for Buildings (*)

Holistic Assessment Tool-kit on Energy Efficient Retrofit Measures for Government Buildings
(EnERGo) (¥)

Cost-Effective Commissioning for Existing and Low Energy Buildings (*)

Heat Pumping and Reversible Air Conditioning (*)

Low Exergy Systems for High Performance Buildings and Communities (*)

Prefabricated Systems for Low Energy Renovation of Residential Buildings (*)

Energy Efficient Communities (*)

Towards Net Zero Energy Solar Buildings (NZEBs)

Total Energy Use in Buildings: Analysis & Evaluation Methods (¥)

Integration of Micro-Generation & Related Energy Technologies in Buildings

Reliability of Energy Efficient Building Retrofitting - Probability Assessment of Performance & Cost
Cost Effective Energy & CO2 Emissions Optimization in Building Renovation

Evaluation of Embodied Energy & CO2 Emissions for Building Construction

Reliable Building Energy Performance Characterisation Based on Full Scale Dynamic Measurements
High Temperature Cooling & Low Temperature Heating in Buildings

New Generation Computational Tools for Building & Community Energy Systems

Business and Technical Concepts for Deep Energy Retrofit of Public Buildings

Ventilative Cooling

Implementation of Energy Strategies in Communities

Optimised Performance of Energy Supply Systems with Energy Principles

Long-Term Performance of Super-Insulation in Building Components & Systems

Definition and Simulation of Occupant Behaviour in Buildings

Energy Flexible Buildings

Design and Operational strategies for High IAQ in Low Energy Buildings

Strategy and Practice of Adaptive Thermal Comfort in low Energy Buildings

Building Energy Epidemiology

Building Energy Performance Assessment Based on In-situ Measurements

Assessing Life Cycle related Environmental Impacts Caused by Buildings

Towards Net Zero Energy Public Communities

Energy Endeavour

Cost-effective building renovation at district level combining energy efficiency and renewable
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Working Group - Energy Efficiency in Educational Buildings (*)

Working Group - Indicators of Energy Efficiency in Cold Climate Buildings (*)

Working Group - Annex 36 Extension: The Energy Concept Adviser (*)

Working Group - Survey on HVAC Energy Calculation Methodologies for Non-residential Buildings
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Introduction

Several standards regarding energy consumption have emerged in the last decade, defining
increasing requirements, and culminating with the recent emergence of the “nearly zero energy”
buildings concept, as described in the Energy Performance of Buildings Directivet1. However,
these standards are mainly focused on new buildings neglecting, most of the time, the existing
ones that represent the least efficient, the largest consumers and the largest share of the building
stock.

The IEA EBC Annex 56 project «Cost-Effective Energy and Carbon Emissions Optimization in
Building Renovation» intends to develop a new methodology for cost-effective renovation of
existing buildings, using the right balance between the energy conservation and efficiency
measures on one side and the measures and technologies that promote the use of renewable
energy on the other side. It aims to provide a calculation basis for future standards, which aims
at maximizing effects on reducing carbon emissions and primary energy use in building
renovation. The project pays special attention to cost-effective energy related renovation of
existing residential buildings and low-tech office buildings (without air conditioning systems).
Apart from including operational energy use, also the impact of including embodied energy is
investigated in the project.

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.

To promote energy efficient buildings, with low energy consumption and energy generation on-
site, innovative renovation projects are needed that can act as forerunners and inspiration but
also serve as best practice examples for the expert audience and the general public.

Within this project six different Case Studies from six European countries were compiled and
analyzed (see Table 1). The Case Studies are both residential and non-residential buildings,
which serve as model projects for renovations in each individual country. The specific aim of the
case study activity of this project is to provide significant and useful feedback from practice on a
scientific basis.

1 Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance of buildings
(recast)
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Table 1: Overview of the investigated Case Studies

Building Year(s) of Year(s) of

Before GHFA
type construction renovation
Johann-
Multi-family
BéhmstraBe, 1960 - 1961 2012-2014 2,845 m?
] building
Kapfenberg

- Kaminky 5, Elementary

1987 2009 —2010 9,909 m?
Brno School
Traneparken, Multi-family
1969 2011-2012 5,293 m3
Hvalsg Building
Neighborhood Two-family
1953 2012 123 m2
RDL, Porto Building
Lourdes
Multi-family
Neighborhood, 1970 2011 1,474 m2
Building
Tudela
Backa réd, Multi-family
1971 2009 1,357 m?

Gothenburg Building

The assessment of the Case Studies was performed according to the methodology developed
within this projectz, including Life Cycle Cost (LCC), Life Cycle Assessment (LCA) and the
evaluation of the co-benefits. Main issues are primary energy use and related carbon emissions
of such buildings as well as the costs incurred by investments in energy related renovation
measures and in building use during the estimated life cycle period, including also the embodied
energy of the materials added to improve the energy efficiency of the building.

The impacts of the different renovation packages are illustrated with the help of graphs depicting
primary energy use or carbon emissions on the x-axis and costs on the y-axis. Primary energy
use, carbon emissions and costs are considered on a yearly and per m? basis. The principle of
these graphs is shown in the following Figure 1.

2 see Ott, W. et al. (2015): “Methodology for Cost-Effective Energy and Carbon Emissions Optimization in Building Renovation
(Annex 56)”, see http://www.iea-annex56.org/Groups/GroupltemID6/STA_methods_impacts_report.pdf
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Figure 1: Global cost curve after renovation, starting from the reference case A («anyway renovation»)
towards renovation options with less primary energy use than in the case of the anyway
renovation. Costs comprise annual capital costs, energy costs, as well as operation and
maintenance costs. O represents the cost optimal renovation option. N represents the cost
neutral renovation option with the highest reduction of primary energy. Renovation options on
this curve between A and N are all cost-effective. (BPIE 2010, p. 15, supplemented by
econcept).

Objectives

The main objectives of this work are:

* Totest the theoretically developed methodology with practical experiences within realized
renovations in order to identify possible inconsistencies and providing feedback to refine
the methodology;

* To reach an in-depth understanding of the performance of some selected case studies in
order to increase the general understanding of the performance of technologies when
applied in practice;

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

* To support decision-makers and experts with profound, science based information (as a
result of thoroughly analyzed case-studies) for their future decisions;

e To show successful renovation projects in order to motivate decision-makers and
stimulate the market towards more ambitious renovations.
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Parametric calculations

In addition to the actual renovation carried out for the individual projects each Case Study also
describes and tests several alternative renovation packages with sets of measures regarding:

* Building envelope - measures to improve the thermal quality of the building envelope,
i.e. insulation of the facade, the roof and the floor as well as new windows

* BITS (building integrated technical systems) — measures on technical systems for
heating, domestic hot water, cooling, auxiliaries, lighting, ventilation and common
appliances

* Energy sources for heating, cooling and domestic hot water production

* RES (renewable energy sources) generation on-site — measures for the renewable
energy generation on-site, e.g. solar thermal installation or photovoltaic modules

The renovation measures range from minimum and average renovation measures to high
performance, comprehensive measures. The definition of the investigated packages was up to
each country and was performed according to what is feasible in each country. Therefore the
investigated packages differ from country to country and many differences between the building
standards and the climates in each country exist too. Variations of different energy sources for
heating and domestic hot water were also considered to evaluate the influence of the energy
source on the total results.

Besides those renovation measures which lead to a reduction of the energy demand of the
building also a reference case was defined, which represents the starting point on the global cost
curve and which represents the basis for the comparison with the other defined renovation
packages, establishing also the limit of the cost-effectiveness.

The reference case should include only renovation measures which have to be carried out
anyway. Therefore this reference case can also be named “anyway renovation”. Renovation
measures included in this package could be the repainting of windows or outside walls or a roof
sealing.

As previously mentioned, the assessment of all renovation packages was performed according
to the methodology developed within this project, including Life Cycle Cost (LCC), Life Cycle
Assessment (LCA) and the co-benefits. Main issues are primary energy use and related carbon
emissions of such buildings, including the energy demand for heating, domestic hot water and
electricity, as well as also the embodied energy of the materials added to improve the energy
efficiency of the building.

This report gives an overview of the defined renovation packages and the calculation results of
the six Case Studies. The main results of the investigations are presented on the next pages. The
analyzed parameters were the carbon emissions, referring to greenhouse gases, expressed in
kgCO:2-eq, the total Primary Energy, which represents the total primary energy used, including
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the non-renewable part as well as the renewable part, expressed in kWh and the Life Cycle Costs,
including investment costs, maintenance costs and energy costs, expressed in EUR.

Carbon emissions reductions

Figure 2 shows the carbon emissions reduction potentials of the six Case Studies. The reduction
potentials are shown as absolute values (yellow columns) and as relative reduction potentials
(orange columns). The filled parts of the columns represent the minimum reduction, which can be
achieved independently of the chosen renovation package (henceforth called “minimum
reduction”). The arrows indicate the ranges between the lowest and the highest possible reduction
potentials. The hatched columns stand for the lowest carbon emissions which can be achieved
by the renovation packages.

reduction

=~ ™ reduction

110 4

100 4

‘ ‘ 100%

90%

8

8% 80%

§
8

70 58% e 70%

60%

50%

carbon emissions in%

40%

carbon emissions in kgCO.-eq/m*a

- 30%

20%

10%

Figure 2: Carbon emissions reduction potential of the six Case Studies. The absolute (yellow columns) and
the relative reduction potentials (orange columns) are presented as minimum reduction and also
as range between the minimum and maximum reduction, compared with the anyway renovation
of each building. The hatched columns represent the lowest possible carbon emissions.
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The chart shows that the Portuguese Case Study achieves the highest minimum reduction of all
investigated buildings with a value of 58 kgCO2-eq/m?2a and also the highest possible savings with
98 kgCO»-eg/m?2a, which is a reduction of 92% compared to the reference case. To achieve this
high relative reduction a combination of both, improving the energy performance of the building
envelope and the change of the energy source for heating and domestic hot water production is
necessary.

The Danish Case Study shows the smallest absolute reduction potential with values between
11 kgCO2-eg/m?a and 20 kgCO»-eq/m?a. The reason for that low absolute reduction is the quite
low carbon emissions of the reference case, which is similarly true also in Sweden. However
looking at the relative reduction potential the values are high and range between 42% and 77%
reduction, which is a result of the energy related renovation measures on the building envelope.

In the Spanish Case Study similar results are achieved as in Austria. The absolute savings
potential ranges between 25 kgCO2-eg/m2a and 50 kgCOz-eg/m?a which is a reduction of 38% to
76% compared to the reference case. In the Austrian and the Spanish case the high carbon
emissions of the reference case lead to those high reductions.

For the Swedish and the Czech Case Studies no minimum reduction is given due to the fact that
some of the investigated renovation packages lead to an increase of the carbon emissions,
compared to the reference case. That means the reduction potentials range between 0 kgCO»-
eg/m?a and 34 kgCOz-egq/m2a (Czech Republic) respectively 7 kgCO2-eg/m2a (Sweden).
Compared to the reference case these are reductions of up to 58% in the Czech case and up to
47% in the Swedish case.

In addition to the carbon emissions reductions the analysis of the corresponding Life Cycle Costs
is shown in Figure 3. The chart demonstrates the possible LCC reductions, when bringing the
carbon emissions to the lowest value. This means for each Case Study the LCC of the renovation
package with the lowest annual carbon emissions was compared to the LCC of the individual
reference cases. The filled columns represent the LCC reductions, the hatched columns represent
the LCC of the renovation package with the lowest carbon emissions.

The analysis shows that the LCC can be reduced from 2 EUR/m?2a in the Austrian Case Study up
to 17 EUR/m?a in the Portuguese Case Study (in the Danish and Swedish Case Studies no
reduction of the LCC is given, therefore no value is shown for these two countries in Figure 3). In
relative values these are reductions of 6% in Austria and 22% in Portugal. The reasons for the
low reduction in Austria are the quite low LCC of the reference case and much more important
the high investment costs of the executed renovation due to the prefabricated facade and the
large photovoltaic and solar thermal installations. Therefore the LCC of the Austrian Case Study
are higher than they would be without the prefabrication and the RES generation on-site.

In Czech Republic and Spain the relative reductions are even higher than in Portugal. In the
Czech Case Study the relative reduction is 46% and in the Spanish Case Study 39%, always
compared to the reference cases.
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In the Danish and the Swedish case, the reference case corresponds to the cost optimal solution.
The investigated energy renovations decrease the carbon emissions and primary energy use, but
are not profitable for the building owners. In the Danish Case Study the reason for this is that the
energy demand and the LCC of the existing building are already quite low. The Danish and
Swedish buildings nevertheless underwent an extensive energy renovation because the facades
were worn down and the external concrete walls were weakened by deterioration. The obtained
co-benefits were also an argument for the extensive energy renovation. The costs weren’t the
driving force of the renovation, instead attractive flats in a safe and green environment was the
main focus. The Swedish renovation was a pilot project to gain knowledge on prerequisites,
problems and solutions regarding technology, economy and the experience of the residents from
a major renovation.
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Figure 3: Life Cycle Cost reduction potentials of the six Case Studies. The absolute reduction potential
(blue column) and the relative reduction potential (purple column) are presented as values
between the reference case and the renovation package which achieves the highest carbon
emissions reductions.

Total Primary Energy reductions

Similar to the analysis of the carbon emissions reduction potentials in Figure 2, the total Primary
Energy reduction potentials of the six Case Studies are shown in Figure 4. Again the absolute
values (yellow columns) and the relative reduction potentials (orange columns) are presented for
each Case Study. The filled parts of the columns represent the reduction, which can be at least



achieved, independently of the chosen renovation package (here, too, called “minimum
reduction”). The arrows indicate the ranges between the lowest and the highest possible reduction
potentials. The top of each column stands for the highest possible total Primary Energy reduction.
The hatched columns stand for the lowest total Primary Energy which can be achieved by the
renovation packages.
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Figure 4: Total Primary Energy reduction potential of the six Case Studies. The absolute (yellow columns)
and the relative reduction potentials (orange columns) are presented as minimum reduction and
also as range between the minimum and maximum reduction, compared with the anyway
renovation of each building. The hatched columns represent the lowest possible total Primary
Energy.
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The chart shows that the Portuguese Case Study achieves the highest reduction potentials (of all
investigated buildings) with at least 270 kWh/m?2a up to 479 kWh/m?a. In relative numbers this is
a reduction of 55% to 97% compared to the Portuguese reference case. The reasons for this
significant reduction potential are the very high total Primary Energy of the reference case and
the combination of the thermal insulation of the building envelope and the switch of the energy
source to a multi-split air conditioner for heating and cooling and solar thermal panels backed up
by electric heater for DHW. The highest reductions are possible when improving the thermal
envelope and changing to heat pump supply.

The results in Austria and Spain are again quite similar. The absolute reduction potentials range
between 105 kWh/m2a and 186 kWh/m2a in Austria, in Spain between 105 kWh/m2a and
190 kWh/m?2a. In relative terms in Austria and Spain reductions between 36% and 65%, compared
to the individual reference cases, can be achieved.

65% reduction can be also achieved in the Danish Case Study, even if the absolute reductions
are smaller (between 24 kWh/m2a and 60 kWh/m?2a) due to the lower total Primary Energy
demand of the Danish reference case.

For the Swedish and the Czech Case Studies no minimum reduction is given due to the fact that
some of the investigated renovation packages lead to an increase of the Primary Energy,
compared to the reference case. Therefore the reduction potentials range between 0 kWh/m2a
and 163 kWh/m2a (Czech Republic) and 30 kWh/m2a (Sweden). Compared to the reference
cases these are reductions of up to 60% in the Czech case and up to 37% in the Swedish case.
This also means that in the Czech and Swedish Case Studies high relative reductions of the total
Primary Energy are possible but the investigation showed that the renovation measures can also
lead to an increase of the total Primary Energy and therefore not always to a reduction.

Figure 5 shows the LCC reduction potentials when reducing the total Primary Energy to the
minimum. For each Case Study the LCC of the specific renovation package, which achieves the
lowest total Primary Energy, was compared to the individual reference cases. The reductions are
shown as absolute values in EUR/m?2a and also as relative reductions (in %).
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Figure 5: Life Cycle Costs reduction potentials of the six Case Studies. The absolute reduction potentials
(blue columns) and the relative reduction potentials (purple columns) are presented as values
between the reference case and the renovation package which achieves the lowest total Primary
Energy.

The analysis shows that the LCC can be reduced from 2 EUR/m?2a in the Austrian Case Study up
to 23 EUR/m?a in the Portuguese Case Study (again no values for the Danish and the Swedish
Case Studies because for these two buildings no reductions of the LCC were given). In relative
value these are reductions of 6% in Austria to 31% in Portugal. The reasons for the low reduction
in Austria are the quite low LCC of the reference case and much more important the high
investment costs of the executed renovation package v3, due to the prefabricated fagcade and the
photovoltaic and solar thermal installations.

Reducing the total Primary Energy in the Czech Case Study to the lowest possible level also
reduces the Life Cycle Costs considerably. The absolute reduction is quite small at a first glance,
with a value of 12 EUR/m?2a, but compared to the LCC of the reference case the relative reduction
is 46%. Reasons for this reduction are the combination of the thermal insulation of the building
envelope and the switch to gas heating. In general all investigated renovation packages with
heating and domestic hot water production based on natural gas achieve similar LCC results and
savings. The photovoltaic installation could further reduce the Life Cycle Costs.
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Investigation and confirmation of hypotheses

Based on the defined renovation packages deeper analyses of the influence of the different
renovation measures on the Life Cycle Costs, carbon emissions and total Primary Energy were
performed. The goal was to test the coherence between renovation measures on the building
envelope, the switch of the energy source from non-renewable sources to renewable sources as
well as combinations of both.

For each of the residential buildings of the Case Studies the hypotheses investigated also for the
generic calculations in this project were testeds. The hypotheses are:

The energy performance of the building depends more on how many building elements
are renovated than on the energy efficiency level of individual building elements.

A switch to RES reduces emissions more significantly than energy efficiency measures
on one or more envelope elements.

A combination of energy efficiency measures with RES measures does not change

significantly the cost optimal efficiency level.

Synergies are achieved when a switch to RES is combined with energy efficiency
measures.

To achieve high emission reductions, it is more cost effective to switch to RES and
carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.

At this point the confirmation of the hypotheses for the Case Studies is summarized and shown
in following Table 2, with following key: v’ means that the hypothesis is confirmed, ¥ means that
the hypothesis is not confirmed. Symbols in parenthesis or separated by a slash indicate that the
hypothesis is only partly confirmed / not confirmed.

3 For the Case Study from the Czech Republic, the small number of renovation packages that was available didn’t allow the
test of the hypotheses.
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Table 2: Results for the investigated hypotheses for the five residential buildings of the Case Studies

The energy performance of the building

depends more on how many building

elements are renovated than on the v v (\/) x x
energy efficiency level of individual

building elements.

A switch to RES reduces emissions more

significantly than energy efficiency v v v v v
measures on one or more envelope ( )
elements.

A combination of energy efficiency

measures with RES measures does not

change significantly the cost optimal v (‘/) v v (‘/)
efficiency level.

Synergies are achieved when a switch to
RES is combined with energy efficiency v X v v \//x
measures.

To achieve high emission reductions, it is

more cost effective to switch to RES and

carry out less far-reaching renovations on v v (\/) v [x v
the building envelope than to focus on

energy efficiency measures alone.

The hypothesis “The energy performance of the building depends more on how many
building elements are renovated than on the energy efficiency level of individual building
elements.” could be completely confirmed for Austria and Denmark and partially for Portugal. In
Portugal this hypothesis was only confirmed for the renovation measures roof and wall but not for
the remaining measures on the building envelope. For the Spanish and the Swedish Case Study
this hypothesis was not confirmed.

The hypothesis “A switch to RES reduces emissions more significantly than energy
efficiency measures on one or more envelope elements.” was confirmed in all five countries,
with limitations in the Spanish Case Study where the hypothesis was confirmed for the switch to
district heating with 75% biomass or to biomass heating system, yet not for a switch to heat pump.

The hypothesis “A combination of energy efficiency measures with RES measures does not
change significantly the cost optimal efficiency level.” is completely confirmed for the
Austrian, the Portuguese and the Spanish Case Study and confirmed with limitations in Denmark
and Sweden. In the Danish Case Study for example the reference case or simply a switch to a
different heating system, without energy efficiency measures, is the cost optimum renovation. All
investigated energy related renovation measures lead to an increase of the annual Life Cycle
Costs. In the Swedish case, the cost-optimum was not changed by a combination of energy
efficiency measures with RES measures. However, it can to be noted that in the case of an oil
heating system, renovation measures beyond the cost optimum are similarly cost-effective as the
cost optimum, whereas for district heating and the RES based heating systems investigated,
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additional renovation measures on the building envelope beyond the cost optimum make the
renovation significantly less cost-effective.

The hypothesis “Synergies are achieved when a switch to RES is combined with energy
efficiency measures.” is confirmed in Austria, Portugal and Spain. In Denmark this hypothesis
is disproved. The results showed that it is more cost efficient to use district heating or heat pump
and not carrying out further energy related renovation measures on the building envelope. In
Sweden the hypothesis can be partly confirmed for the insulation of the exterior wall in
combination with the change to district heating based on RES. The hypothesis however is
disproved for all remaining renovation measures in combination with district heating based on
RES and also for all combinations with a pellets heating system.

The hypothesis “To achieve high emission reductions, it is more cost effective to switch to
RES and carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.” is completely confirmed in Austria, Denmark and Sweden.
In Portugal and Spain limitations exist. The Spanish Case Study shows a confirmation for the
district heating system with 75% biomass and the biomass heating system, yet not for a heat
pump. In Portugal it is in general difficult to answer this hypothesis. In fact it cannot clearly be
answered. It is more likely to be confirmed but a hundred per cent confirmation is not possible.

Main findings from the generic parametric calculationss

In all investigated generic buildings investigated there is a cost optimum, with lower costs than
those of an «anyway renovation». Costs are rising for measures going beyond the cost optimum,
but many or sometimes all of the measures considered in the assessment are still cost-effective,
i.e. lower than the cost of the anyway renovation.

With respect to the energy performance of energy related building renovation measures and the
balance between renewable energy deployment and energy efficiency measures, the five main
hypotheses have also been investigated. Within this context, some tentative conclusions are
made referring to renewable energy sources (RES) in general. However, it is important to note
that only specific RES systems were taken into account in the generic calculations. For example
the role of solar thermal or small wind turbines has not been investigated and not all types of
renewable energy systems were investigated for all reference buildings. In the case of the
countries Austria, Denmark, Spain and Sweden, geothermal heat pumps and wood pellet heating
systems have been investigated as RES systems; in the case of Portugal an air-water heat pump
and its combination with PV were investigated as RES systems. The related findings obtained

4 Taken from the report: “Investigation based on calculations with generic buildings and case studies” (Bolliger and Ott, 2015)
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from the parametric calculations with the investigated generic buildings are summarized in the
following Table 3.

Table 3: Results for the investigated hypotheses for the generic multi-family buildings

The energy performance of the building

depends more on how many building

elements are renovated than on the v v v v X
energy efficiency level of individual

building elements.

A switch to RES reduces emissions more

significantly than energy efficiency v v v v v
measures on one or more envelope
elements.

A combination of energy efficiency

measures with RES measures does not

change significantly the cost optimal (‘/) (‘/) v v x
efficiency level.

Synergies are achieved when a switch to
RES is combined with energy efficiency v v v v v
measures.

To achieve high emission reductions, it is

more cost effective to switch to RES and

carry out less far-reaching renovations on v v v v v
the building envelope than to focus on

energy efficiency measures alone.

The comparison of the results of the Case Studies (Table 2) with the results of the generic
buildings (Table 3) shows good correlation.

Small deviations could be found:

* in Austria for the hypothesis “A combination of energy efficiency measures with RES
measures does not change significantly the cost optimal efficiency level”

* in Portugal for the hypotheses “The energy performance of the building depends
more on how many building elements are renovated than on the energy efficiency
level of individual building elements.” and “To achieve high emission reductions,
it is more cost effective to switch to RES and carry out less far-reaching
renovations on the building envelope than to focus on energy efficiency measures
alone.”

* in Spain for the hypotheses “A switch to RES reduces emissions more significantly
than energy efficiency measures on one or more envelope elements.” and “To
achieve high emission reductions, it is more cost effective to switch to RES and
carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.”
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* in Sweden for the hypothesis “Synergies are achieved when a switch to RES is
combined with energy efficiency measures.”

In the mentioned cases the named hypotheses could be fully confirmed in the generic buildings
but only confirmed with limitations in the real Case Studies (exception: in Austria it’s vice versa).

For some hypotheses however, no correlation between the Case Studies and the generic
buildings is given:

* in Denmark the hypothesis “Synergies are achieved when a switch to RES is
combined with energy efficiency measures.” was confirmed in the generic building but
not confirmed in the Case Study

* in Spain the hypothesis “The energy performance of the building depends more on
how many building elements are renovated than on the energy efficiency level of
individual building elements.” was confirmed in the generic building but not in the Case
Study

* in Sweden the hypothesis “A combination of energy efficiency measures with RES
measures does not change significantly the cost optimal efficiency level.” was partly
confirmed in the Case Study but not in the generic building.

Co-benefits

Several notions are used to refer to the benefits that arise from building renovation with energy
efficiency and carbon emissions reduction. In this project, the main focus is on energy, carbon
emissions and costs, consequently the reduction of energy use, carbon emissions and costs are
direct benefits. Though all the benefits that arise from a renovation project besides these direct
benefits can be included in the notion of co-benefits, only co-benefits deriving from energy and
carbon emissions related renovation measures are considered in this project.

The co-benefits that arise from energy and carbon emissions related building renovation can be
independent from energy, carbon emissions and costs (e.g. less exterior noise), or can be a
consequence of these (e.g. less risk of exposure to future energy price increases), and the
benefits can impact at private level (e.g. increased user comfort) or/and at society level (e.g.
impact on climate change or air pollution).

In this context, the notion of co-benefits refers to all benefits (positive or negative) resulting from
renovation measures related to energy and carbon emissions optimized building renovation,
besides or as a consequence of energy efficiency increment, carbon emissions reduction or costs
reduction.
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For each Case Study the co-benefits, derived from energy related renovation measures were
analyzed based on the parametric calculations following the developed methodology and also,
for some of the Case Studies, interviews performed among the residents of the buildings.

Following conclusions can be drawn from this analysis:

At the building level, in the renovation of existing buildings, energy efficiency measures,
when compared to measures for the use of renewable energy sources, are the main
source of co-benefits, particularly those improving the building quality (reduction of
problems with building physics, increase of useful building areas and improved safety
against intrusion) and the resident physical wellbeing (increased thermal and acoustic
comfort, increased use of daylighting and better indoor air quality).

To maximize the co-benefits from energy related building renovation, it is more relevant
to improve more elements of the building envelope in combination than to significantly
improve single elements. As an example, the improvement of a facade with additional
20 cm of insulation instead of improving it with 10 cm of insulation will be much less
relevant (from the perspective of co-benefits) than to supplement the improvement of the
facade with 10 cm of insulation with the replacement of windows.

Depending on the original condition of the building, improving all the elements of the
building envelope usually means going beyond cost optimality (once the improvement of
certain elements may not be cost effective in a comprehensive package of measures).
Although, the difference in global costs is usually not relevant and packages of measures
remain cost-effective when compared to “anyway renovation”. Furthermore, improving all
the elements of the building envelope is usually the way to achieve the maximization of
the added value from the co-benefits.

At the building level, measures for the use of renewable energy sources usually have the
co-benefits of reducing the exposure to energy price fluctuations. Residents with systems
based on renewables (with the exception of systems based on wood pellets) are more
comfortable regarding future variations on the energy prices once they are less dependent
on energy from the market. Regarding their implementation, many renewable energy
systems present a challenge for their integration on existing buildings. Some of these
systems (e.g. photovoltaic or solar thermal) often present a challenge for their integration
in the architectural characteristics of the existing buildings, while others (e.g. geothermal
heat pump) present technical and often also financial challenges to be implemented. On
the other hand, other systems (e.g. air/air or air/water heat pumps or wood pellets burner)
are much easier to implement than most of the high efficiency measures and may allow
reducing the depth of the interventions on the building envelope.
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Challenges to reach nearly zero energy and nearly zero emissions

Besides the technical solutions, which are necessary to reach cost effective nearly zero energy
buildings after renovation, including high reductions of carbon emissions and total Primary
Energy, it is important to know the challenges that occur when trying to reach this goal and also
the measures that can be taken to overcome them.

Therefore participants from following countries have been asked 13 questions on this topic:
Austria, Czech Republic, Denmark, Finland, Norway, Portugal, Spain, Sweden, Switzerland and
The Netherlands.

The questions asked in the interviews were divided into four main categories: information issues,
technical issues, ownership issues and economic issues.

The evaluation of the barriers to reach nearly zero energy buildings can be summarized as
follows:

One barrier is relevant for all countries, which is the information asymmetry of differing opinions
expressed by professionals.

In 9 out of ten countries it was considered to be a barrier that there is a:

* Lack of examples and inspiration
* Lack of economic incentives or uncertainty about the incentives
* Lack of economic knowledge

In 7-8 countries the following were considered to be barriers:

* Incomplete information from the Energy Performance Certificate of Buildings
* Lack of knowledge about possibilities, potential benefits and added values

* Lack of well proven systems, total solutions and information about these

* Lack of clear requirements

e The structure of ownership (private, public, owner, tenant)

* Running costs and investment costs are separated

* Too high investment costs

* Uncertainty about the savings and calculations of saving potential

In 5-6 countries the following was considered to be a barrier:

* Building owners are not allowed to increase rent to pay for energy renovation investments
(i.e. the building owner pays for the tenant’s benefits)
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Recommendations

The investigations of the six Case Studies and the interviews in ten European countries allow
making recommendations for cost effective renovations towards nearly zero energy and
emissions in future. In the next paragraphs these recommendations are presented corresponding
to their sources (parametric calculations, co-benefits analyses and interviews):

Parametric calculations

A switch to renewable energy sources reduces the carbon emissions more significantly than
energy efficiency measures on one or more envelope elements. When the goal is to achieve high
carbon emissions reductions, it is more cost effective to switch to renewable energy sources and
carry out less far-reaching renovations on the building envelope than to focus on energy efficiency
measures alone.

Synergies can be achieved when a switch to renewable energy sources is combined with energy
saving measures on the building envelope.

In general, the combination of energy efficiency measures on the building envelope with
measures for the use of renewable energy sources does not significantly change the cost optimal
efficiency level.

Whether or not the number of building elements renovated is more important for the energy
performance of the building than the efficiency level (insulation thickness) of each particular
element has to be checked individually. For some buildings this might be the case, for others
however not. This can depend on national standards, prices, weather conditions and other factors.

Energy efficiency measures, when compared with measures associated with the use of renewable
energy sources, are the main source of co-benefits at building level.

To maximize the co-benefits associated with energy related building renovation, it is more
effective to improve the performance of all the elements of the building envelope than to
significantly improve the performance of just one element.

Depending on the original condition of the building, improving the performance of all the elements
of the building envelope usually means going beyond cost optimality, but it is still cost-effective
when compared to the “anyway renovation”, i.e. a renovation scenario where energy performance
is not improved.

The calculation results within the Case Studies have shown that high carbon emissions and
Primary Energy reductions are possible, where the corresponding renovation packages are also
cost effective, which means that the Life Cycle Costs of the renovation packages are lower than
the Life Cycle Costs of the reference case.
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However, results have also shown that not all investigated renovation measures bring a reduction
of carbon emissions, primary energy and/or Life Cycle Costs. Moreover higher values, compared
to the reference case, were calculated in some Case Studies. Therefore a detailed look at different
possible renovation measures, including the calculation of the Life Cycle Costs and the Life Cycle
Assessment are necessary.

It also has to be mentioned that the assumptions made in the Life Cycle Cost calculation and the
Life Cycle Assessment are very important and can influence the results a lot. Therefore these
assumptions have to be well-considered and if possible a sensitivity analysis of the most important
parameters should be carried out. It is advisable to consult an expert with profound knowledge in
the field of Life Cycle Cost calculations and Life Cycle Assessments.

Interviews

Missing good examples for successful renovations are often the biggest barriers for renovations
towards nearly zero energy and emissions. The investigated Case Studies are such good
examples, but more are needed. This means that national initiatives have to be launched to
promote these kinds of building renovations. One of these initiatives could be the financial support
or funding programs via direct funding or via research projects. Research projects would bring
the additional benefit that new, innovative measures could be tested and evaluated, which in turn
would increase the technical knowledge of the building professionals and also of the building
owners.

Such a campaign could also counter the lack of economic incentives or uncertainty about the
incentives. This means that by launching economic incentives building owners will receive support
in financing nearly zero energy and emissions buildings. This will give building professionals the
opportunity to realize good building renovations without constantly having the investment costs in
mind.

A further important step towards cost effective building renovations is the consideration of the
whole building life cycle. That means the Life Cycle Costs of the renovation packages should be
regarded over the life cycle of the building and the building element. The investment costs should
not be taken as main decision criterion.

If the building owner is faced with the problem of not being allowed to increase the rent to pay for
energy renovation measures, it is advisable to go for the cost optimal renovation.

Co-benefits

It is important to look at the carbon emissions and/or Primary Energy of different possible
renovation measures over the whole building life cycle. The investigations should include different
scenarios, to find the scope of cost effective renovation packages of measures. Within the scope
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of cost effective renovation scenarios, costs and co-benefits should be considered to find the
solution that adds more value to the renovated building. All investigated renovation measures and
packages should be compared to a reference situation, where only measures are included that
have to be carried out anyway (“anyway renovation”).
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Abbreviations

Meaning

Austria

Building integrated technical systems

Carbon dioxide equivalent

Czech Republic

District heating

Domestic hot water

Denmark

Heat recovery efficiency of the mechanical ventilation system

Expanded polystyrene insulation

Spain

Gross heated floor area

Heat pump

Heating, ventilation, air conditioning

Kilowatt hours

Kilowatt peak

Life Cycle Costs

Life Cycle Assessment

Mechanical Ventilation with Heat Recovery

Primary Energy

Portugal

Photovoltaic (cell)

Renewable energy sources

Sweden

Specific fan power in kW/(m3/s)

Thermal transmittance of a building element in W/m2K

Wood pellets

Extruded polystyrene insulation
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Several standards regarding energy consumption have emerged in the last decade, defining
increasing requirements, and culminating with the recent emergence of the “nearly zero energy”
buildings concept, as described in the Energy Performance of Buildings Directives. However,
these standards are mainly focused on new buildings neglecting, most of the time, the existing
ones 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 the existing buildings stock. Renovations attempting to reach these
standards often result in very expensive measures and complex procedures, hardly accepted by
any owners or promoters.

The IEA-EBC Annex 56 project «Cost-Effective Energy and Carbon Emissions Optimization in
Building Renovation» intends to develop a new methodology for cost-effective renovation of
existing buildings, using the right balance between the energy conservation and efficiency
measures on one side and the measures and technologies that promote the use of renewable
energy on the other side. It aims to provide a calculation basis for future standards, which aims
at maximizing effects on reducing carbon emissions and primary energy use in building
renovation. The project pays special attention to cost-effective energy related renovation of
existing residential buildings and low-tech office buildings (without air conditioning systems).
Apart from including operational energy use, also the impact of including embodied energy is
investigated in the project.

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 than energy conservation and efficiency
measures. In existing buildings, the most cost effective renovation solution is often a combination
of energy efficiency measures and measures for utilizing renewable energy. Hence, it is relevant
to understand the potential of 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.

To promote energy efficient buildings, with low energy consumption and energy generation on-
site, innovative buildings are needed that act as forerunner and also serve as best practice
examples for the expert audience and the general public.

Within this project, 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 successful renovations, where comprehensive energy and

5 Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance of buildings
(recast)
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environmental measures have been realized, i.e. with experiences and lessons learned from
practice.

The assessment of the Case Studies was performed according to the methodology developed
within this projects, including Life Cycle Cost (LCC), Life Cycle Assessment (LCA) and the co-
benefits. Main issues are primary energy use and related carbon emissions of such buildings as
well as the costs incurred by investments in energy related renovation measures and in building
use during the estimated life cycle period. Included is also the embodied energy of the materials
added to improve the energy efficiency of the building.

6 Ott, W. et al. (2015): “Methodology for Cost-Effective Energy and Carbon Emissions Optimization in Building Renovation
(Annex 56)”, see http://www.iea-annex56.org/Groups/GroupltemID6/STA_methods_impacts_report.pdf
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The specific mission of the case study activity in this project is to provide significant feedback
from practice on a scientific basis. The main objectives of this work are:

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

* To test the theoretically developed methodology in this project with practical experiences
within realized renovations in order to identify possible inconsistencies and providing
feedback to refine the methodology;

* Toreach an in-depth understanding of the performance of some selected case studies in
order to increase the general understanding of the performance of technologies when
applied in practice;

* To support decision-makers and experts with profound, science based information (as a
result of thoroughly analyzed case-studies) for their future decisions;

e To show successful renovation projects in order to motivate decision-makers and
stimulate the market towards more ambitious renovations.

Within the “Case Studies”, a deeper analysis was performed in order to evaluate the impact and
relevance of different renovation measures and strategies within the project objectives and also
testing the methodology of this project.

Within the international cooperation seven Case Studies were analyzed deeper. Six of them are
presented in this report as well as the major challenges, findings and conclusions of these best
practice examples. The seventh Case Study is the demonstration project “Montarroio” in Portugal,
which is an ancient building upgrade within an UNESCO World Heritage context from 1845. Due
to the rareness of this building and the investigated renovation measures it is hardly comparable
to the other six Case Studies. Furthermore the renovation of the building is not finished yet. For
these reasons the Case Study “Montarroio” not included in the findings and conclusion in chapter
5. Nevertheless it is also a remarkable renovation project, even though it is still in the planning
stage. Therefore this Case Study can be found with the other country papers in the appendix of
this report.

The report is separated in several chapters. Chapter 3 shows first of all an overview of the different
Case Studies, gathered and analyzed within this project. Chapter 4 includes the framework
conditions for the analysis of the six buildings. The description of the defined renovation
packages, the reference case in each country and the main results and conclusions can be found
in chapter 5. In chapter 6 the identified challenges are explained together with suggested future
research and finally chapter 7 presents recommendations for future renovations. The appendix of
this report includes each country paper on the Case Studies.
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Table 4 on the next page shows an overview of the six analyzed Case Studies in Austria, Czech
Republic, Denmark, Portugal, Spain and Sweden. The evaluated buildings are all residential
buildings with the exception of the elementary school in Brno, Czech Republic.

The oldest of these buildings dates from 1953, the youngest was constructed in 1987. The gross
heated floor area of the buildings varies between 123 m2 and more than 9,900 m2. These building
characteristics, together with the country-specific influencing factors, ensure a quite broad
overview and application of the methodology for the investigation of the cost effective energy and
carbon emission optimized renovation based on Life Cycle Costs and Life Cycle Assessment.

All six Case Studies have been renovated in the past years and the main reasons for the
renovations were maintenance, improvement of standard and the energy efficiency of the
building. Furthermore this means that the performed calculations and analyses in chapter 5 serve
mainly as comparisons between the actual renovation carried out and theoretical renovation
packages, which would also have been possible to apply. In this case the investigations in this
report do not support the real planning of the building renovations.

A seventh Case Study is undergoing renovation in 2015: located within an UNESCO World
Heritage context in Coimbra, Portugal, and thus subjected to very stringent regulations, the final
solution is still being negotiated. The Case Study “Montarroio” is a single-family house that aims
to demonstrate alternative ways to include ancient buildings as active players in energy efficiency
and sustainable practices, with a special focus on the importance of a good initial assessment.
Due to the uniqueness of this building and the investigated renovation measures it is hardly
comparable to the other six Case Studies and therefore not included in the findings and
conclusions in chapter 5. Nevertheless it is also a remarkable renovation project, even though it
is still in the planning stage, which should be presented. Therefore this special Case Study can
be found with the other country papers in the appendix of this report.

Following Table 4 shows some impressions of the Case Studies before and after the renovation
together with some relevant information about the buildings. More information on the Case
Studies can be obtained from:

* Individual Case Studies chapters (pages referenced in the first column of Table 4)
including a short description of the investigated renovation packages and the reference
renovations, the results and the conclusions of the calculations.

* Descriptions of the Case Studies in the country papers in the appendices.
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Table 4: Overview of the analyzed Case Studies

Building Year(s) of Year(s) of

Country  Before Site . . GHFA7
type construction renovation
. rs Johann-
Austria & Multi-family
| BbhmstraBe, 1960 -1961 2012-2014 2,845 m?
(page 37) s 3 building
] Kapfenberg
Czech ,
. . ~ " Kaminky 5, Elementary
Republic i 1987 2009 - 2010 9,909 m2
b Brno School
(page 81)
Denmark o ’ ; 25 - Traneparken,  Multi-family
. ‘ v 1969 2011-2012 5,293 m?
(page 46) . L <l Hvalso Building
Portugal — v Neighborhood = Two-family
oor = | By, 1953 2012 123 m?
(page 55) ~E v : RDL, Porto Building
Single 141 _ 16t
Montarroio, family in century (2015) 36 m2
Coimbra UNESCO ongoing
context (late medieval)
: ; - Lourdes
Spain A Multi-family
Wi Neighborhood, 1970 2011 1,474 m2
(page 64) s A Building
e Tudela
O 5 i) Pl == = Bockarcd,  Multi-family
‘ W { - 1971 2009 1,357 m2
(page 73) ; = ' Gothenburg  Building

7 Gross Heated Floor Area (GHFA) after the renovation of the building
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4. Evaluation framework

4.1. Objectives of the analysis

For each of the renovation packages and measures the Life Cycle Cost (LCC) calculation and the
Life Cycle Assessment (LCA) were performed according to the developed methodology of this
project. The detailed analysis of the LCC regarding investment costs and annual costs were
included and the Life Cycle Impact of each renovation package was evaluated according to its
total final energy use, the total carbon emissions, the Non-Renewable Primary Energy (NRPE)
and the total Primary Energy (PE).

In the following chapter the focus is on the presentation of the most important results, further
information on the LCC and LCA results can be found in the individual Case Study papers in the
appendix.

For each Case Study the goal was to find out:

- Which carbon emissions and total Primary Energy reductions are possible and still cost
effective?

- Characterization of the influence of the renovation measures of the building envelope on
the carbon emissions, total PE and LCC results.

- Characterization of the influence of the choice of the energy source for heating and
domestic hot water production on the carbon emissions, total PE and LCC results.

- Characterization of the influence of the energy generation on-site on the carbon
emissions, total PE and LCC results.

Further conclusions were drawn from the calculation results of each Case Study to answer the
hypotheses defined in this project. These hypotheses are:

. The energy performance of the building depends more on how many building
elements are renovated than on the energy efficiency level of individual building
elements.

. A switch to RES reduces emissions more significantly than energy efficiency
measures on one or more envelope elements.

. A combination of energy efficiency measures with RES measures does not change

significantly the cost optimal efficiency level.

. Synergies are achieved when a switch to RES is combined with energy efficiency
measures.

. To achieve high emission reductions, it is more cost effective to switch to RES and
carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.
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4.2. Definition of renovation packages and reference case

For the six investigated Case Studies parametric studies were performed to identify the cost
effective renovations for the individual real building renovations. The parametric studies were
performed based on the methodology developed in this project, including Life Cycle Cost (LCC)
and Life Cycle Assessment (LCA)s. After, the several renovation packages have also been
analyzed considering the co-benefits that potentially result from the combination of the selected
renovation measures.

The focus of this project is on residential and non-residential buildings without complex HVAC
systems. The main focus areas of the studies are primary energy use and carbon emissions as
well as the costs incurred by energy related renovation measures.

For the Case Studies each partner could define the characteristics of the investigated renovation
packages according to what is feasible in each country. The idea was to include different thermal
standards (insulation of building envelope) and different energy sources for heating and domestic
hot water production (fossil fuels and renewables) as well as different ventilation situations
(mechanical and natural) in the considerations.

Besides those renovation measures which lead to a reduction of the energy demand of the
building also a reference case was defined. This reference represents the starting point on the
global cost curve and the basis for the comparison with the other defined renovation packages.

The reference case should include only renovation measures which have to be carried out anyway
and that do not improve the energy performance of the building. Therefore this reference case
can also be named as “anyway renovation”. Renovation measures in this package could be for
example repainting of windows or outside walls or a roof sealing.

In this reference case the replacement of the entire or part of the existing heating system is also
included. This replacement has an implicit influence on the energy performance by an improved
level of efficiency. The replacement of the heating system is included in the reference case due
to a more realistic depiction of the real situation.

The investigated renovation packages are named consecutively “renovation package v17,
“renovation package v2” and “renovation package v3”, where v3 represents the actual renovation
carried out for the particular building.

More detailed information about the different renovation measures of each country can be found
in the findings and conclusion in following sections and pages. A description of the existing
building and additional information to the actual renovation carried out can be found in the
individual country papers in the appendix:

8 More information to the developed methodology can be found on the official IEA EBC Annex 56 website:
http://www.iea-annex56.org/

The Methodology report can be downloaded here:

http://www.iea-annex56.org/Groups/GroupltemID6/STA methods impacts report.pdf

32




Residential buildings

* Austria: chapter 5.1.1  on page 37

e Denmark: chapter 5.2.1  on page 46

* Portugal: chapter 5.3.1  on page 55

* Spain: chapter 5.4.1  on page 64

* Sweden: chapter 5.5.1  on page 73
Non-residential building

* Czech Republic:  chapter 5.6.1 on page 81

In these sections the reference case and the investigated renovation packages of each country
are presented in a condensed way to give a short overview of the included renovation measures.
The presented renovation measures are structured in following way:

Building envelope - measures to improve the thermal quality of the building envelope,
i.e. insulation of the facade, the roof and the floor as well as new windows

BITS (building integrated technical systems) — measures on technical systems for
heating, domestic hot water, cooling, auxiliaries, lighting, ventilation and common
appliances

Investigated energy sources for heating and domestic hot water production —
energy sources that were investigated in the parametric studies

RES (renewable energy sources) generation on-site — measures for the renewable
energy generation on-site, e.g. solar thermal installation, photovoltaic modules, renewable
district heating...
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4.3. Co-benefits in the Case Studies

In the reviewed literature, several notions are used to refer to the benefits that arise from building
renovation with energy efficiency and carbon emissions reduction. In this project, the main focus
is on energy, carbon emissions and costs and consequently, the reduction of energy use, carbon
emissions and costs are direct benefits. All the benefits that arise from a renovation project
besides these direct benefits are included in the notion of co-benefits. Only co-benefits deriving
from energy and carbon emissions related renovation measures are considered (e.g. the change
of the interior floor of a dwelling from carpet to a wooden floor might be a measure that improves
the indoor air quality but has no impact on the operational energy or carbon emissions).

The co-benefits that arise from energy and carbon emissions related building renovation can be
independent from energy, carbon emissions and costs (e.g. less exterior noise), or can be a
consequence of these (e.g. less risk of exposure to future energy price increases), and the
benefits can impact at private level (e.g. increased user comfort) or/and at society level (e.g.
impact on climate change or air pollution).

In this context, the notion of co-benefits refers to all benefits (positive or negative) resulting from
renovation measures related to energy and carbon emissions optimized building renovation,
besides or as a consequence of energy efficiency increment, carbon emissions reduction or costs
reduction.

The co-benefits resulting from renovation measures related to energy and carbon emissions,
besides or as a consequence of energy efficiency increment, carbon emissions reduction or costs
reduction is a quite embracing concept, including numerous effects at different levels of economy
and society. Therefore, it is useful to identify and classify these co-benefits according to
underlying principles helping to better understand their nature.

The first distinction that needs to be made regards the different perspectives of the different target
groups. For the policy makers, a societal or macroeconomic perspective is required in order to
show how policies that are implemented for the reduction of energy and emissions in the building
sector may be used to reach other objectives such as economic and social development,
sustainability and equity. From the perspective of building owners and promoters, the economic
value of a building and the value added by energy related renovation measures, are the most
relevant indicators and, therefore, the co-benefits that can potentially increase the willingness to
pay for the building present a private perspective.

The focus in this report is only on the private benefits that arise due to the different energy related
renovation measures. Table 5 gives an overview of the identified co-benefits.
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Table 5: Typology of private benefits of cost effective energy related renovation measures

Building
quality

Economic

User
wellbeing

Co-benefit

Building physics

Description

Less condensation, humidity and mould problems

Ease of use and control
by user

Ease of use and control of the renovated building by the users
(automatic thermostat controls, easier filter changes, faster hot water
delivery, etc.)

Aesthetics and
architectural integration

Aesthetic improvement of the renovated building (often depending on the
building identity) as one of the main reasons for building renovation

Useful building areas

Increase of the useful area (taking advantage of the balconies by glazing
or enlarging the existing ones) or decrease of useful area (like the case
of applying interior insulation or new BITS)

Safety (intrusion and
accidents)

Replacement of building elements with new elements at the latest
standards, providing fewer risks such as accidents, fire or intrusion.

Reduced exposure to
energy price fluctuations

Reduced exposure to energy price fluctuations gives the user a feeling
of control and increased certainty to be able to keep the needed level of
comfort.

Thermal comfort

Higher thermal comfort due to better room temperatures, higher radiant
temperature, lesser temperature differences, air drafts and air humidity.

Natural lighting and
contact with the outside

More day lighting, involving visual contact with the outside living
environment (improved mood, morale, lower fatigue, reduced eyestrain).

Indoor Air quality

Better indoor air quality (less gases, particulates, microbial contaminants
that can induce adverse health conditions) better health and higher
comfort

Internal and external
noise

Higher noise insulation but increased risk of higher annoyance due to
internal noise after the reduction of external noise level

Pride, prestige, reputation

Enhanced pride and prestige, an improved sense of environmental
responsibility or enhanced peace of mind due to energy related
measures

Ease of installation and
reduced annoyance

Ease of installation can be used as a parameter to find the package of
measures that aggregates the maximum of benefits

For each Case Study the co-benefits, derived from energy related renovation measures, are
presented together with the calculation results. The co-benefits analysis is based on the
parametric calculations following the developed methodology and also, for some of the Case
Studies, interviews performed among the residents of the buildings.

The co-benefits were analyzed for selected renovation packages, where positive effects or
improvements were marked with a green triangle ( A) and negative effects or impairments with a
red triangle (V). The number of triangles stands for the magnitude of positive or negative effects.
If a renovation measure leads to both, positive and negative effects, green and red triangles are
used at once.
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4.4. PE and carbon emissions conversion factors of the six countries

Table 6 and Table 7 show an overview of the different conversion factors used in each country in
the Life Cycle Assessment. In Table 6 the conversion factors to calculate the kgCO»-eq emissions
based on the final energy use of the building and in Table 7 the conversion factors to calculate
the total Primary Energy, also based on the final energy demand of the building are presented.
The references are indicated in the footnotes. “-“ means that this conversion factor was not used
in the calculations of the specific country.

Table 6: Carbon emissions conversion factors in kgCO2-eq/kW hinal

Czech

Austria9 Denmark10 Portugali1 Sweden

Republic'2

0.29512

0.252 0.238 0.251 0.262 0.237 0.238'2

Wood / biomass [iKels%4 - - 0.045 0.012 -

District heating [[eRel0] 0.087 0.202 - 0.114 0.08013

Electricity 0.322 0.924 0.413 0.691 0.594 0.100'2

Table 7: Total Primary Energy conversion factors kW hprim/kKW hinal

Czech

Austria9 . 12
Republic

Denmarki14 Portugal1 E Spain1 2 Sweden

1.13 - 1.28 - 1.20 1.2112

1.20 1.13 1.19 1.24 1.10 1.1312

Wood / biomass RERE] - - 1.34 1.14 -

District heating [F0) 1.56 0.69 - 1.64 0.30'3

Electricity 1.83 3.73 1.78 3.22 3.40 29612

9 Reference: GEMIS 4.8

10 Reference: Danish Energy Agency - 2015
11 Reference: LCI Ecoinvent v2.2

12 Reference: Eco-bat 4.0

13 Reference: Goteborg Energi 2013

14 Reference: DGNB - DGNB-DK
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5. Findings and Conclusions

Residential Buildings

5.1. Case Study “Kapfenberg”, Austria

5.1.1.

BITS

Technical

domestic hot
water

on-site)

Reference case

Painting of the
outside walls

Painting and repair
of wooden frame
windows

Investigated renovation packages

Renovation
package vi

80 mm EPS
insulation of the
facade

200 mm EPS
insulation of the
roof

New double-glazed
windows with an
external shading
device

Renovation
package v2

240 mm EPS
insulation of the
facade

300 mm EPS
insulation of the
roof

New triple-glazed
windows with an
external shading
device

Renovation
package v3

Insulation of the
facade with
prefabricated timber
modules and a total
insulation of

240 mm

300 mm EPS
insulation of the
roof

New triple-glazed
windows with an
external shading
device (already
integrated in the
prefabricated
facade modules)

New central heating
and domestic hot
water production

New central heating
and domestic hot
water production

New central heating
and domestic hot
water production

New mechanical
ventilation system
with heat recovery
(SFP =1.62, Eff.=
65%)

New central heating
and domestic hot
water production

New mechanical
ventilation system
with heat recovery
(SFP =1.62, Eff.=
65%)

Qil Qil Oil
Natural gas Natural gas
Wood Wood
District heating District heating District heating
based on based on based on
renewables renewables renewables
None None None 144 m2 solar

thermal system for
heating and DHW
production

92 kWp PV system
for electricity
generation on-site
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Based on these renovation packages different additional combinations of the individual renovation
measures were tested to answer the defined hypotheses. Following combinations of renovation
measures (marked with M1, M2,...) were tested:

Description

In the reference case, the wall and the windows are repainted and the pitched roof is

refurbished. These measures do not improve the energy performance of the building.

80 EPS mm insulation of the facade

240 mm EPS insulation of the facade

M2 + 200 mm EPS insulation of the roof

M2 + 300 mm EPS insulation of the roof

M4 + solar thermal installation

M5 + new double-glazed windows (U-value 1.4 W/m2K)

M5 + new triple-glazed windows (U-value 1.0 W/m2K)

M7 + mechanical ventilation system with heat recovery

M8 + photovoltaic installation

To test the influence of different energy sources for heating and DHW production (RES and non-
RES) on the results the defined renovation measures M1 to M9 were also tested with various
energy systems. These were:

* Qil (reference case)

* Natural gas

* District heating

*  Wood pellets

* Air-water heat pump

* Geo-thermal heat pump

The results of the several calculations can be found in following chapter 5.1.2.
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5.1.2. Results

Figure 6 shows the calculation results of the Austrian Case Study “Kapfenberg”. On the left side
the comparison of the Life Cycle Costs with the carbon emissions, on the right side the
comparison with the total Primary Energy.
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Figure 6: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy (right
chart) of the Case Study “Kapfenberg”, Austria

The results show that all investigated renovation packages are cost effective. This means that the
annual specific LCC of each renovation package are lower than the LCC of the reference case.

The lowest carbon emissions are achieved by the executed renovation package v3 with heating
and domestic hot water production based on district heating including renewable energy
generation on-site by solar thermal and photovoltaic installations. This renovation package has
annual carbon emissions of about 8 kgCO»-eg/m?2a, which is a reduction of nearly 60 kgCO»-
eqg/m?2a or 85%, compared to the reference case.

The lowest total PE is also achieved by renovation package v3. This renovation package achieves
a total Primary Energy of 100 kWh/m2a. This is a reduction of nearly 190 kWh/m2a or 65%
compared to the reference case.

The cost optimal solution for the Austrian Case Study would be renovation package v1 with
heating and DHW production based on natural gas. The cost optimal solution achieves carbon
emissions of 31 kgCO»-eq/m?a, total Primary Energy of 152 kWh/m2a and annual LCC of
20.19 EUR/m?a. But in reality this renovation package was no option. The goal of the renovation
was to realize a demonstration building which should achieve 80% reduction of the heating energy
demand of the existing building, cover at least 80% of the final energy demand of the renovated
building by renewable energy sources and reduce the CO. emissions by 80% compared to the
existing building. The costs were in fact not the most important criterion.

To have a more detailed understanding of the influence of the different renovation measures on
the total results, additional analyses of the different energy related renovation measures were
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performed. On that account the Life Cycle Costs, the carbon emissions and the total Primary
Energy were calculated for the renovation measures M1 to M9 (as described on page 38). The
following charts show the comparison of cost effectiveness of energy efficiency renovation
measures for the Austrian Case Study for the different heating systems, including also renewable
energy generation on-site through solar thermal and photovoltaic installations. The reference
shown as a grey dot refers to a situation with renovation measures on the building envelope
without improving energy-efficiency levels and the installation of a new oil heating system.
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Figure 7: Comparison of cost effectiveness of energy efficiency renovation measures for the Austrian Case
Study for the heating systems: oil heating (top) and district heating (bottom), as well as related

impacts on carbon emissions and primary energy use
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Figure 8: Comparison of cost effectiveness of energy efficiency renovation measures for the Austrian Case
Study for the heating systems: wood pellets (top), gas heating (middle) and air-water heat pump
(bottom), as well as related impacts on carbon emissions and primary energy use
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Figure 9: Comparison of cost effectiveness of energy efficiency renovation measures for the Austrian Case
Study for a geo-thermal heat pump system, as well as related impacts on carbon emissions and

primary energy use

Following graphs summarize the cost curves for different renovation packages on the building
envelope with different heating systems. In each of these graphs, three different curves are
shown, representing the application of the different renovation packages on the building envelope
in combination with the installation of different heating systems. Each dot in the curves represents
the application of a particular renovation package. The points with the highest emissions or
highest primary energy use for each energy source represent the anyway renovation. As more
measures are added to the renovation packages, carbon emissions and primary energy use

decrease.

70
60
50
40

30 -+ Wood pellets
20

10

—+Qil heating

District heating

Costs per year [EUR/a*m?))

0
0 25 50 75
Emissions per year [kg CO.eq/(a*m?)]

)
5 O O N
o o o o

- N
o

Costs per year [EUR/a*m?)]
o o 8

S

0 100 200 300 400
Primary energy per year [KWh/(a*m?)]

Figure 10: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different heating systems and related impacts on carbon emissions and primary energy use for

the Austrian Case Study (part 1)
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Figure 11: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different heating systems and related impacts on carbon emissions and primary energy use for
the Austrian Case Study (part I1)

5.1.3. Co-benefits

Some interviews were done with the residents considering the building renovation rather or very
important due to the several problems and difficulties felt before the renovation, namely the moist,
cold, low fresh air, too small areas and discomfort. All the residents of the building had to leave
their dwelling for nearly one year because the building renovation was performed in 2 construction
phases and also the dwellings inside the building were renovated and modified. That means
people living in a dwelling of the 1st construction phase moved to a dwelling in the 2nd
construction phase and after finishing the 1st construction phase they moved back.

After the renovation the residents consider the dwelling convenient, large, dry and warm. Less
consistent opinions were collected regarding the noise, natural light and air quality. 1/3 of the
respondents considered that the dwelling became noisy. Regarding the natural light, 31% of the
respondents considered it dark and regarding the air quality 62% of the respondents considered
not having enough fresh air in the dwelling.

Although 85% of the respondents have declared that the expectations with the building renovation
have been rather or totally satisfied, about 1/3 have identified some relevant problems, namely
disturbance through construction works, less daylight and too low indoor temperature.

Table 8 on the next page presents the co-benefits for some of the investigated renovation
packages, namely: the reference case, the cost optimal scenario (M3 + air-water heat pump), the
best energy performance scenario which is very close to zero (M9 + geothermal heat pump) and
the least cost scenario using the geothermal heat pump (M3 + geothermal heat pump).

When analyzing the packages of measures beyond the cost optimal, it is possible to understand
that some of these packages present co-benefits that may justify the extra costs that result from
the cost benefit calculations that only considers energy related costs.
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Based on Table 8, M9 + Geo HP present more co-benefits than the other renovation packages.
The mechanical ventilation with heat recovery improves the air quality and the change of windows
allows reducing the disturbance from external noise and the security against intrusions. The
geothermal heat pump, due to its high efficiency leads to reduced exposure to energy price
fluctuations, but on the other hand its installation is not an easy task. In all of the scenarios, the
intervention on the fagades affects positively the aesthetics, but this benefit is also present in the
reference scenario, so it is not a co-benefit that derives from energy related renovation measures.

The use of renewable energy system such as the solar thermal panels and the photovoltaic
system as well as the mechanical ventilation with heat recovery, allows reducing significantly the
exposure to energy price fluctuation and also increase the notion of pride and prestige related
with the building.

Comparing the cost optimal scenario (M3 + air heat pump), with the scenario with the best energy
performance (M9 + geothermal heat pump) yearly costs per m2 increase €11. On the other hand,
the air quality is improved, the building becomes more protected from external noise and against
intrusions, residents are less exposed to energy price fluctuations and experience an increased
sense of pride and prestige related to their renovated building.

Table 8: Identification of co-benefits in several renovation packages in the Austrian Case Study

Building elements Reference M3 + Air. HP M3 + Geo. HP M9 + Geo HP
Fagade Maintenance 24cm of insulation 24cm of insulation 24 cm insulation
Roof Maintenance 20 cm of insulation 20 cm of insulation 30cm insulation
Floor Maintenance Maintenance Maintenance Maintenance
Windows Maintenance Maintenance Maintenance Windows (U=1)
Ventilation Natural Natural Natural Mech + heat recov.
Heating system Oil heating Air Heat Pump Geo Heat pump Geo Heat pump
DHW system Oil heating Air Heat pump Geo Heat pump Geo Heat pump
None None None Solar thermal + PV
— — — _
Aesthetics
Pride/prestige A A A A A
Thermal comfort AAA AAA AAA
Building physics AA AA AA
Internal noise v \4 \4
Price fluctuation AA AA AAA
Ease of installation AA AY AY
Air Quality A A AAA
External noise A A A

Safety

Additional costs _ I _ _

[EUR/m?a] Cost optimal
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5.1.4. Conclusions

For the analyzed parameters carbon emissions, total Primary Energy and the Life Cycle Costs
the following conclusions can be drawn:

* All investigated renovation measures are cost effective, which means that the LCC are
lower than the LCC of the reference case.

* The highest carbon emissions are found in the reference case. That means that all
renovation measures on the building envelope and the variation of the energy sources for
heating and DHW production can reduce the carbon emissions.

* The highest total Primary Energy is achieved by the anyway renovation in combination
with district heating. Again all investigated renovation packages on the building envelope
lead to a reduction of the total PE.

* In order to reduce carbon emissions and total Primary Energy further it is more efficient to
concentrate on several building elements than only on one element.

* For natural gas heating and the heat pump systems it could be investigated that only the
change of the heating system, without including any further measures on the building
envelope, can reduce the carbon emission and the total Primary Energy.

* Renovation measure M9, which represents the most improved building envelope including
also renewable energy generation on-site through solar thermal and photovoltaic systems,
achieves the lowest carbon emissions and also the lowest Primary Energy values.

* The renewable energy sources (district heating, heat pump systems and wood pellets)
achieve the lowest carbon emissions, the heat pump systems the lowest Primary Energy.

Based on the additional calculation results the hypotheses were tested. Table 9 shows the
investigated hypotheses for the Austrian Case Study.

Table 9: Results for the investigated hypotheses for the Case Study “Kapfenberg“ in Austria

The energy performance of the building depends more on how many building elements
are renovated than on the energy efficiency level of individual building elements

A switch to RES reduces emissions more significantly than energy efficiency measures
on one or more envelope elements

A combination of energy efficiency measures with RES measures does not change
significantly the cost optimal efficiency level

Synergies are achieved when a switch to RES is combined with energy efficiency
measures

To achieve high emission reductions, it is more cost effective to switch to RES and carry
out less far-reaching renovations on the building envelope than to focus on energy
efficiency measures alone.

RN NN RN

For the Austrian Case Study all five hypotheses could be confirmed.
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5.2. Case Study “Traneparken”, Denmark

5.2.1. Investigated renovation packages
Renovation Renovation Renovation
R G package vi package v2 package v3

Maintenance of the
outer skin of the
external walls

New roofing
Painting and repair

of wooden frame
windows

100 mm insulation
of the facade

450 mm insulation
of the roof

New triple-glazed
windows (energy
glass)

No insulation of the
facade

450 mm insulation
of the roof

New triple-glazed
windows (energy
glass)

211 mm insulation
of the facade

250 mm insulation
of the roof

New triple-glazed
windows (energy
glass)

Renewal of the
heating and

Renewal of the
heating and

Renewal of the
heating and

Renewal of the
heating and

BITS domestic hot water ~ domestic hot water ~ domestic hot water ~ domestic hot water
system system system system
. New mechanical New mechanical New mechanical
Technical ventilation system ventilation system ventilation system
with heat recovery with heat recovery with heat recovery
(SFP =1.2, Eff.= (SFP =1.2, Eff.= (SFP =1.4, Eff.=
90%) 90%) 80%)
Oil Oil
Natural gas Natural gas
District heating District heating District heating District heating

on-site)

based renewables
with a share of 53%

based renewables
with a share of 53%

based renewables
with a share of 53%

based renewables
with a share of 53%

None

33 kWp
photovoltaic system
for the electricity
generation on-site

132 kWp
photovoltaic system
for the electricity
generation on-site

33 kWp
photovoltaic system
for the electricity
generation on-site

Note: The heating energy supply of Traneparken is district heating, so in practical terms it is not
a real alternative to change this supply to anything else. However, for the purpose of the LCC and
LCA the calculations were carried out also for a changed heating supply system, i.e. gas and oil
boilers.

The on-site generated electricity counts for the same level as energy savings, with a weighting
factor of 0.413 kgCO2-eq/kWhiina respectively 1.78 kWhgim/kWhiina (s€€ also Table 6 and Table 7
in chapter 4.4 on page 36).

Based on these renovation packages, again different additional combinations of the individual
renovation measures were tested to answer the defined hypotheses.
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Following combinations of renovation measures (marked with M1, M2,...) were tested:

Description

In the reference case, the outer skin of the external walls was maintained and the wooden
frame windows were painted and repaired. New roofing was also included but none of these
measures improves the energy performance of the building.

150 mm insulation of the roof

300 mm insulation of the roof

M2 + 100 mm insulation of the facade

M2 + 200 mm insulation of the facade

M4 + new triple-glazed windows

M5 + mechanical ventilation SFP 1.4, Eff=80%

M5 + mechanical ventilation SFP 1.2, Eff=90%

In addition to the different renovation measures on the building envelope and the ventilation
system again different energy sources for heating and DHW production were tested, including
also photovoltaic energy generation on-site. The investigated energy systems were:

* Oil heating

* Heat pump

* District heating (53% renewable)

* District heating (53% renewable) + 32 kWp photovoltaic system
» District heating (53% renewable) + 132 kWp photovoltaic system

For each of these renovation measures and packages Life Cycle Costs, carbon emissions and
Primary Energy were calculated. The results are presented in chapter 5.2.2.
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5.2.2. Results

Figure 12 shows the calculation results of the Case Study “Traneparken” in Denmark. On the left
side the Life Cycle Costs are plotted in comparison with the carbon emissions and on the right
side with the total Primary Energy of the building.
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Figure 12: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy (right
chart) of the Case Study “Traneparken”, Denmark

The results show that none of the defined and investigated renovation packages is cost effective.
In other words, the annual LCC of each renovation package are higher than the LCC of the
reference case, which means that the reference case is the cost optimum renovation. A possible
reason for that might be that the existing building is already insulated and the additional insulation
measures can reduce the carbon emissions and the total Primary Energy but increase the annual
Life Cycle Costs.

The lowest carbon emissions are achieved by renovation package v2 with heating and domestic
hot water production based on district heating and additionally adding a large PV system. This
renovation package achieves carbon emissions of 6.2 kgCO:-eg/m?a. The reference case
achieves carbon emissions of 26.4 kgCO»-eg/m?a. Renovation package v2 can therefore save up
to 20.2 kgCO»-eq/m?a or 77% of the carbon emissions compared to the reference case.

Renovation package v2 with heating and domestic hot water production based on district heating
also achieves the lowest total Primary Energy, with a value of about 33 kWh/m2a. This is,
compared to the reference case, a reduction of 61 kWh/m2a or 65%.

The actual renovation carried out (renovation package v3) achieves carbon emissions of
10.7 kgCO2-eg/m?a, a total Primary Energy of 47 kWh/m2a and annual Life Cycle Costs of
19.54 EUR/m2a. Compared to the reference case this is a reduction of 15.7 kgCO.-eq/m?a
respectively 60% (carbon emission) and of 46 kWh/m?2a respectively 50% (total Primary Energy).
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This particular renovation package was chosen, despite it is not the cost optimal solution, due to
following reasons: the goal was to renovate the buildings because they were worn down and the
external concrete walls were weakened by deterioration. At the same time external balconies
were added to improve the flats. The overall intention was to:

* Renovate worn down parts of the buildings

* Improve the indoor climate

* Improve flats with external balconies

* Improve outdoor areas

* Reduce energy consumption (insulation of constructions, new windows/doors, mechanical
ventilation with heat recovery)

The apparent needs - necessary repair of external walls and replacement of windows - were used
as an opportunity to drastically improve the insulation of the walls and to choose triple-glazed low
energy windows. Thereby a far more sustainable solution was achieved.

Looking at the results it is obvious that not installing any external wall insulation in v2 results in
lower Life Cycle Costs than in renovation package v1 and v3. Even when in v2 a much larger PV
system is installed, the LCC are still lower. It is interesting to see that installation of a larger
photovoltaic system seems to be able to out-balance the expensive exterior wall insulation,
especially if the generated energy from the photovoltaic system can be allocated to the building
and in this way reduce the annual energy consumption. Nevertheless it has to be mentioned that
the insulation of the exterior walls was not an option but a must. The walls were worn down and
the comfort in the building was suffering severely due to their state.

The comparison of cost effectiveness of energy efficiency renovation measures for the Danish
Case Study for different heating systems (oil heating, district heating and heat pump) and related
impacts on carbon emissions and primary energy use is shown in Figure 13 and Figure 14 show.

Figure 15 shows the influence of the different heating systems, including also different
photovoltaic energy generation on-site, on the reference case with no additional energy related
renovation measures.
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Figure 13: Comparison of cost effectiveness of energy efficiency renovation measures for the Danish Case
Study for district heating (top), oil heating (middle) and heat pump (bottom), as well as related
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Figure 14: Comparison of cost effectiveness of energy efficiency renovation measures for the Danish Case
Study for the different heating systems, including renewable energy generation on-site by the
photovoltaic installation, only reference case
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Figure 15 summarizes the cost curves for different renovation packages on the building envelope
with different heating systems. In the graph, three different curves are shown, representing the
application of the different renovation packages on the building envelope in combination with the
installation of different heating systems. Each dot in the curves represents the application of a
particular renovation package.
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Figure 15: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different heating systems and related impacts on carbon emissions and primary energy use for
the Danish Case Study
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5.2.3. Co-benefits

Before renovation, the buildings seemed rather grey and boring and had problems with facades,
windows and roofs. The indoor climate was unacceptable and the energy consumption was very
high.

Table 10 shows the co-benefits of four renovation packages: the cost optimal solution, a
renovation package using a heat pump instead of district heating, renovation package M4 which
improves the energy performance of the fagade and the roof, and the scenario that leads to the
best energy performance (M7 + Heat Pump).

Table 10: Identification of co-benefits in several renovation packages in the Danish Case Study

Building elements Reference Reference + HP M4 + DH M7 + HP
Fagade Maintenance Maintenance 20 cm insulation 20 cm insulation
Roof Maintenance Maintenance 30cm insulation 30cm insulation
Floor Maintenance Maintenance Maintenance Maintenance
Windows Maintenance Maintenance Maintenance Triple Glazed
Ventilation Maintenance Maintenance Maintenance Mech + heat recov.
Heating system District heating Heat pump District heating Heat pump
DHW system District heating Heat pump District heating Heat pump
RES 53% RES None None None
I B D
Aesthetics A A A A
Pride/prestige A A A A AA AA
Thermal comfort AAA AAA
Building physics AA AA
Internal noise v v
Price fluctuation A A AAA
Air Quality A
External noise AA

Safety

A
Additionalcosts @ 4 . ¢ _ ___§
7 13

[EUR/m?a] Cost optimal 1

Looking at the table, the last two renovation packages which improve the buildings envelope,
present some advantages that can play an important role in the final decision. From an
economical perspective the difference in the global cost to the cost optimal solution is definitely
given but the improvements in the thermal comfort and reduction in the problems related to the
building physics are interesting additional benefits. There is a negative co-benefit related to the
increase of the insulation on the buildings envelope which is the internal noise from adjacent
dwellings that becomes noticeable when the external noise is reduced.

The exposure to the energy price fluctuation decreases significantly in the last renovation
package, which also presents the co-benefits of further reducing the external noise and improve
safety against intrusions, related with the replacement of windows.
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5.2.4. Conclusions
The analysis of the Danish Case Study “Traneparken” allows following conclusions:

* The lowest Life Cycle Costs are achieved by the reference case. That means that none of
the investigated renovation measures is cost effective. A reason for this might be the
already included fagade insulation of the existing building.

* The lowest carbon emissions are achieved by renovation measure M7, which includes the
most improved thermal envelope and very efficient mechanical ventilation with heat
recovery, together with district heating and similar also with heat pump.

* The lowest Primary Energy is achieved by renovation measure M7 together with the heat
pump system.

* If only measures on the wall and the roof are included, together with an oil heating system,
the carbon emissions increase. All other investigated renovation measures can reduce
the carbon emissions compared to the reference case.

* All investigated renovation measures can reduce the Primary Energy, compared to the
reference case. The exception is, if an oil heating is used and only the roof is insulated.
This combination increases the total Primary Energy.

* It's more efficient to concentrate on several building elements than only on one element
to reduce the carbon emissions and the total Primary Energy.

* The on-site energy generation by the photovoltaic system reduces carbon emissions, total
PE and also LCC compared to the reference case but also compared to the option without
the PV installation.

Based on these conclusions the hypotheses for the Danish Case Study were tested (Table 11).
Table 11: Results for the investigated hypotheses for the Case Study "Traneparken" in Denmark. v thereby

means that the hypothesis is confirmed, ¥ indicates a not-confirmed hypothesis. (v') means
that the hypothesis is confirmed, but with restrictions

The energy performance of the building depends more on how many building elements v
are renovated than on the energy efficiency level of individual building elements

A switch to RES reduces emissions more significantly than energy efficiency measures v
on one or more envelope elements

A combination of energy efficiency measures with RES measures does not change v \*
significantly the cost optimal efficiency level ( )
Synergies are achieved when a switch to RES is combined with energy efficiency x**
measures

To achieve high emission reductions, it is more cost effective to switch to RES and carry
out less far-reaching renovations on the building envelope than to focus on energy v **
efficiency measures alone.

* In this particular case the reference case is the cost optimum renovation. All investigated energy related
renovation measures lead to an increase of the annual Life Cycle Costs.

** If the initial situation includes oil heating and the switch to district heating or heat pump is performed.
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For the Danish Case Study four of the five hypotheses could be confirmed. Not confirmed is the
hypothesis “Synergies are achieved when a switch to RES is combined with energy efficiency
measures”. This could be explained as follows: starting with anyway renovation and an oil heating
system it is more cost efficient to change only the heating system, to district heating or heat pump,
and not carrying out further energy related renovation measures on the building envelope. The
reduction of carbon emissions and Primary Energy due to the improved building envelope is quite
small compared to the change of the energy source. Additionally the LCC increase due to these
energy related renovation measures on the building envelope and therefore it is not efficient to
combine the switch to RES with the energy efficiency measures on the building envelope.
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5.3. Case Study “Rainha Dona Leonor neighborhood “, Portugal

5.3.1.

BITS

Technical
Systems)

domestic hot
water

Reference case

Maintenance of the
outside walls

Maintenance of the
roof

Maintenance of the
existing windows

Investigated renovation packages

Renovation
package v1

100 mm EPS
insulation of the
facade

140 mm rock wool
insulation of the
roof

80 mm rock wool
insulation of the
floor

Maintenance of the
existing windows

Renovation
package v2

80 mm cork board
insulation of the
facade

80 mm cork board
insulation of the
roof

80 mm cork board
insulation of the
floor

New double-glazed
windows

Renovation
package v3

60 mm EPS
insulation of the
facade

50 mm XPS
insulation of the
roof

No insulation of the
floor

New double-glazed
windows

Renewal of the
existing electrical
heating and
domestic hot water
systems

HVAC system for
cooling

Replacement of the
heating and
domestic hot water
system

Replacement of the
heating and
domestic hot water
system

Replacement of the
heating and
domestic hot water
system

Electricity (electric
heater)

HVAC (multi-split
air conditioned for
heating and cooling
and solar thermal
panels backed up
by electric heater
for DHW)

Natural gas
Heap pump + PV
Biomass

HVAC (multi-split
air conditioned for
heating and cooling
and solar thermal
panels backed up
by electric heater
for DHW)

Natural gas
Heap pump + PV
Biomass

HVAC (multi-split
air conditioned for
heating and cooling
and solar thermal
panels backed up
by electric heater
for DHW)

None

3.8 m2 solar thermal
panels for DHW

3.7 KWp
photovoltaic panels
to support the heat

pump

3.8 m2 solar thermal
panels for DHW

3.7 kWp
photovoltaic panels
to support the heat

pump

3.8 m2 solar thermal
panels for DHW

The chosen renovation scenario (renovation package v3) presents the most current renovation
praxis in Portugal, with significant limitation on the investment costs and no major concerns with
Life Cycle Costs, especially in cases such as this where the investor is not the one who pays the
future energy bills.
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Based on these renovation packages v1, v2 and v3 different additional combinations of the
individual renovation measures were tested to confirm the defined hypotheses:

Description

In the reference case, the walls, the roof and the windows are maintained. These measures
do not improve the energy performance of the building.

80 mm rock wool insulation of the roof

80 mm cork board insulation of the roof

140 mm rock wool insulation of the roof

M3 + 60 mm EPS insulation of the facade

M3 + 80 mm cork board insulation of the facade

M3 + 100 mm EPS insulation of the facade

M6 + 80 mm rock wool insulation of the floor

M6 + 80 mm cork board insulation of the floor

M8 + new double-glazed windows

The renovation measures M1 to M9 were tested with following combinations of building integrated
technical systems for heating, cooling and DHW:

* Electric heater

* Natural gas

* HVAC + electric heater

* HVAC + electric heater + solar thermal
* Heat pump + PV

* Biomass

The results of these investigations are presented in following chapter 5.3.2.
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5.3.2. Results

The calculation results in Figure 16 show on the left side the comparison of the Life Cycle Costs
with the carbon emissions and on the right side the comparison of the LCC with the total Primary
Energy.
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Figure 16: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy (right
chart) of the Case Study “Rainha Dona Leonor neighborhood”, Portugal

The charts show that all investigated renovation packages are cost effective. That means the
annual specific LCC of each renovation package are lower than the LCC of the reference case.

The lowest carbon emissions are achieved by renovation package v2 with heating (the energy
efficiency measures on the building envelope allowed to avoid the need of a cooling system) and
domestic hot water production based on a heat pump, which is supported with a photovoltaic
system. The carbon emissions of this system are 8.5 kgCO»-eg/m2a. This is a reduction of more
than 97 kgCO2-eq/m? or 92% compared to the reference case, which achieves carbon emissions
of 106 kgCO2-eq/m?2a.

The lowest total PE is achieved by renovation package v1 with heating and domestic hot water
based on a heat pump. With a value of 16 kWh/m?2a this renovation package can reduce the total
PE, compared to the reference case, by 479 kWh/m2a or 97%. The difference between the
renovation package achieving the lowest carbon emissions (renovation package v2) and the one
achieving the lowest PE (renovation package v1) is due to the insulation material used in
renovation package v2 (cork), which has lower carbon emissions but a significant PE from the
biomass used in the fabrication process.

The cost optimal solution for the Portuguese Case Study is renovation package v1 with heating
and domestic hot water production based on natural gas. This cost optimal solution achieves
carbon emissions of 39.4 kgCO2-eg/m?2a, a total PE of 186 kWh/m2a and LCC of 38.78 EUR/m?a.
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In relation to the most ambitious, the gap to the cost optimal solution is:

- Carbon Emissions: with additional annual LCC of 20.07 EUR/m?a the carbon emissions
could be reduced from 39.37 kgCOz-eq/m2a (cost optimal solution) to 8.50 kgCOz-eg/m2a
(lowest carbon emissions). That means with 52% higher LCC the carbon emissions could
be reduced by 78%.

- PE: with additional annual LCC of 13.34 EUR/m?2a the total PE could be reduced from
186 kWh/m2a (cost optimal solution) to 16 kWh/m?2a (lowest total PE). 26% higher LCC
would therefore result in a 91% lower total PE.

To have a more detailed understanding of the influence of the different renovation measures on
the calculation results of the Portuguese Case Study, the influence of improving the thermal
quality of the building envelope, the modification of the energy source for heating and domestic
hot water and the use of renewable energy generated on-site was analyzed and is presented on
the following pages.
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Figure 17: Comparison of cost effectiveness of energy efficiency renovation measures for the Portuguese
Case Study for the BITS: electric heater (top) and gas boiler (bottom), as well as related impacts
on carbon emissions and primary energy use
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Figure 18: Comparison of cost effectiveness of energy efficiency renovation measures for the Portuguese
Case Study for the BITS: HVAC + electric heater (top), HVAC + electric heater + solar thermal
(middle) and heat pump + photovoltaic (bottom), as well as related impacts on carbon emissions

and primary energy use
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Figure 19: Comparison of cost effectiveness of energy efficiency renovation measures for the Portuguese
Case Study for a biomass system, as well as related impacts on carbon emissions and primary

energy use

Following Figure 20 summarizes the cost curves for different renovation packages on the building

envelope with different BITS.
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Figure 20: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different BITS and related impacts on carbon emissions and primary energy use for the

Portuguese Case Study
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5.3.3. Co-benefits

To synthetize the co-benefits analysis, 3 different renovation packages were compared to the cost
optimal solution, namely the reference case, the chosen renovation and the best energy
performance solution (M9 wit heat pump and photovoltaic panels). The results are presented in
Table 12.

Table 12: Identification of co-benefits in several renovation packages in the Portuguese Case Study

Building elements Reference Chosen R. M7 + GB M9 + HP + PV
Fagade Maintenance 6 cm of RW 10 cm of EPS 10 cm of EPS
Roof Maintenance 8 cm of RW 14 cm of RW 14 cm of RW
Floor Maintenance 5 cm of RW Maintenance 8 cm ICB
Windows Maintenance New windows U 2.4 Maintenance New windows U 2.4
Heating system Electric heater Electric heater Gas boiler Heat pump + PV
DHW system Gas boiler Electric heater + ST Gas boiler Heat pump + PV
Co-benefits

Aesthetics A A A AV
Pride/prestige AA AA AA AA
Thermal comfort AAA AAA AAA
Building physics AA AA AA
Internal noise v v v

Price fluctuation AA AA AAA

Air Quality A A A
External noise A A

Safety A A
Additionalcosts . g § |
[EUR/m?a] 33 12 Cost optimal 13

Regarding the aesthetics/architectural integration, the positive co-benefit is also present in the
reference case, so it cannot be accounted as a co-benefit deriving from energy related measures.
In fact, in the best energy performance package, the existence of photovoltaic panels may be a
problem due to the required dimensions and the characteristics of the buildings.

In the implemented renovation package, the introduction of new frames with double glazing
present the co-benefit of safety and also of reduced external noise. However, in the interviews
performed among the residents, these positive co-benefits have never been mentioned. In fact,
once the neighbourhood is located in a very quiet area, nor noise or safety were an issue before
the renovation. So the potential co-benefits from the improved window were not felt. Therefore,
the relevance of these co-benefits is reduced when compared with the same measure in other
case studies.

In the reduction of the exposure to the energy price fluctuation, the best energy performance
package is the most independent one, due to the renewable energy production.

The analysis of the interviews to the respondents have also made visible that wrong design might
have a huge influence in residents perception. In this case, internal shading and larger windows
had negative impact in thermal comfort, natural lighting, building physics, and in the case of
internal shading also creating problems with functionality and useful living areas.
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5.3.4. Conclusions

For the analyzed parameters carbon emissions, total Primary Energy and Life Cycle Costs
following conclusions can be drawn:

* The reference case achieves the highest carbon emissions, the highest Primary Energy
values and also the highest LCC for the particular heating systems.

* The lowest carbon emissions and also the lowest Primary Energy values are achieved by
the heat pump + PV combination.

* The change of the energy source reduces carbon emissions and total Primary Energy
more significantly than the renovation measures on the building envelope.

* The influence of the renovation measures on the building envelope on the carbon
emissions and the total Primary Energy reductions is depending on the BITS.

* The cost optimal package of energy efficiency measures does not change significantly
with the different BITS combinations. On the other hand, with the use of the most efficient
BITS, namely the HVAC and the heat pump, some energy efficiency measures, if
compared with the use of those BITS without energy efficiency measures, are not cost
effective.

Following Table 13 shows the investigated hypotheses for the Portuguese Case Study.
Table 13: Results for the investigated hypotheses for the Case Study “Rainha Dona Leonor neighborhood”

in Portugal. v" means that the hypothesis is confirmed. Symbols in parenthesis indicate that the
hypotheses are only partly confirmed.

Results from Case Study

Hypothesis “Rainha Dona Leonor
neighborhood”, Portugal

The energy performance of the building depends more on how many building elements (‘/)*
are renovated than on the energy efficiency level of individual building elements

A switch to RES reduces emissions more significantly than energy efficiency measures v
on one or more envelope elements

A combination of energy efficiency measures with RES measures does not change v
significantly the cost optimal efficiency level

Synergies are achieved when a switch to RES is combined with energy efficiency v
measures

To achieve high emission reductions, it is more cost effective to switch to RES and carry
out less far-reaching renovations on the building envelope than to focus on energy (\/ )**
efficiency measures alone.

* This hypothesis can be confirmed for the renovation measures roof and wall but not for the remaining
measures, due to the small number of variants tested for those remaining measures.

** This hypothesis cannot clearly be answered. For the majority of the measures in this case study this is
true. Only measures with a gas heating system is a contender.
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For the Portuguese Case Study three hypotheses can absolutely be confirmed. The confirmation
of the remaining hypotheses is more difficult and not completely possible. So for example the
hypothesis: “The energy performance of the building depends more on how many building
elements are renovated than on the energy efficiency level of individual building elements” can
only be confirmed for the renovation measures roof and wall. This means that it is more efficient
to renovate the roof and the wall instead of concentrating only on the roof. Improving also the
floor and changing the windows in this case doesn’t lead to major reductions in carbon emissions
and Primary Energy. Instead these measures lead to an increase of the annual Life Cycle Costs
compared to the situation where only insulation on the roof and the walls is considered.
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Reference case

Maintenance of the
existing facade

Maintenance of the
existing roof

No renovation
measure regarding
the floor

Maintenance of the
old single-glazed
windows

Investigated renovation packages

Renovation
package v1

40 mm EPS
insulation of the
facade

40 mm XPS
insulation of the
roof

40 mm mineral
wool insulation of
the floor

New double-glazed
windows

5.4. Case Study “Lourdes Neighborhood”, Spain

Renovation
package v2

220 mm EPS
insulation of the
facade

240 mm XPS
insulation of the
roof

240 mm mineral
wool insulation of
the floor

New double-glazed
windows

Renovation
package v3

60 mm EPS
insulation of the
facade

60 mm XPS
insulation of the
roof

100 mm mineral
wool insulation of
the floor

New double-glazed
windows in addition
to the existing
single-glazed and
sliding aluminum
frame

New central heating
system for heating
and domestic hot
water production

New central heating
system for heating
and domestic hot
water production

New central heating
system for heating
and domestic hot
water production

New mechanical
ventilation system
with heat recovery
which can be also
used to pre-cool the
air (SFP =1.5, Eff.=
75%)

Renewal of the
district heating
system

domestic hot

Oil Oil Ol
Natural gas Natural gas
Air-water heat Air-water heat
pump pump
District heating District heating District heating
based on based on based on
renewables (75%) renewables (75%) renewables (75%)
and on natural gas  and on naturalgas  and on natural gas
(25%). (25%). (25%).

None None 26 m2 solar thermal

system for DHW
production

11 KWp
photovoltaic system
for the electricity
generation on-site
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Note: For the scenario comparison, in renovation package v3 prefabrication and on-site
photovoltaic system, that covers 50% of the electricity demand of the building, were included but
not performed in reality.

Also for the Spanish Case Studies additional combinations of the individual renovation measures
were defined and calculated. Again these additional measures were based on the previously
described renovation packages v1, v2 and v3. In this case following combinations of renovation
measures (marked with M1, M2,...) were tested:

Description

The reference case includes the maintenance of the existing fagade, the existing roof and

the old single-glazed windows.

40 mm insulation of the facade

60 mm insulation of the facade

220 mm insulation of the facade

M3 + 40 mm insulation of the roof

M3 + 60 mm insulation of the roof

M3 + 240 mm insulation of the roof

M6 + 40 mm insulation of the floor

M6 + 100 mm insulation of the floor

M6 + 240 mm insulation of the floor

M9 + new double-glazed windows

Also different heating systems were tested. Thereby renewable and non-renewable energy
sources were calculated, including also renewable energy generation on-site by solar thermal and
photovoltaic installations:

« Oll

* Natural gas

* Natural gas + solar thermal (26 m?)

* Electricity

* District heating (75% biomass)

* District heating (75% biomass) + solar thermal (26 m?)

* District heating (75% biomass) + solar thermal (26 m?) + photovoltaic (11 kWp)

* Heat pump

* Biomass
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5.4.2. Results

The calculation results of the Spanish Case Study “Lourdes Neighborhood” can be seen in Figure
21. The chart shows on the left side the comparison of the Life Cycle Costs with the carbon
emissions and on the right side the comparison of the LCC with the total Primary Energy.
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Figure 21: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy (right
chart) of the Case Study “Lourdes Neighborhood”, Spain

As visible in Figure 21 all investigated renovation packages are cost effective. That means the
annual specific LCC of each renovation package are lower than the LCC of the reference case.

The lowest carbon emissions are achieved by renovation package v2 with district heating as main
energy source for heating and domestic hot water production. For the DHW production also a
solar thermal installation was considered. The carbon emissions of this renovation package are
15.7 kgCO2-eq/m?a. The reference case achieves carbon emissions of 65.5 kgCO»-eg/m?2a. This
means renovation package v2 with district heating and solar thermal installation can reduce the
annual carbon emissions by 49.8 kgCOz-eg/m?a respectively 76%.

The lowest total PE is achieved by renovation package v2 with natural gas as main energy source
for heating and domestic hot water production. Again a solar thermal installation is considered in
this case to support the DHW production. The total PE of this renovation package is 100 kWh/m?a.
This is a reduction compared to the reference case of 190 kWh/m?2a or 66%.

The cost optimal solution for the Case Study “Lourdes Neigborhood” in Spain is the actual
renovation carried out (renovation package v3) considering that DHW is also supplied by the
district heating and an additional PV installation is added. The cost optimal solution achieves
carbon emissions of 20.9 kgCO2-eg/m2a, a total PE of 162 kWh/m2a and annual LCC of
21.26 EUR/m?a.
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The comparison of the cost optimal solution with the most ambitious renovation shows:

Carbon Emissions: with additional annual LCC of 0.88 EUR/m2a the carbon emissions
could be reduced from 20.9 kgCO2-eg/m?2a (cost optimal solution) to 15.7 kgCO2-eg/m2a
(lowest carbon emissions). That means an increase of the LCC by 4%, which is higher
than the LCC of the cost optimal solution, the carbon emissions could be reduced by 25%.
PE: with additional annual LCC of 0.26 EUR/m?2a the total PE could be reduced from
162 kWh/m?2a (cost optimal solution) to 100 kWh/m?2a (lowest total PE). 1% higher annual
LCC compared with the cost optimal solution would reduce the total PE by 38%.

To test the separate influence of the different renovation measures on the building envelope and
the different heating systems, the cost effectiveness of the energy efficiency measures is
analyzed for the Spanish Case Study in Figure 22, Figure 23 and Figure 24.
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Figure 22: Comparison of cost effectiveness of energy efficiency renovation measures for the Spanish Case
Study for the heating systems: oil heating (top) and natural gas (bottom), as well as related
impacts on carbon emissions and primary energy use
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Figure 23: Comparison of cost effectiveness of energy efficiency renovation measures for the Spanish Case
Study for the heating systems: natural gas + solar thermal (top), district heating (middle) and
district heating + solar thermal (bottom), as well as related impacts on carbon emissions and

primary energy use
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Figure 24: Comparison of cost effectiveness of energy efficiency renovation measures for the Spanish Case
Study for the heating systems: district heating + solar thermal + photovoltaic (top), heat pump
(middle) and biomass (bottom), as well as related impacts on carbon emissions and primary

energy use

The cost curves for the different renovation packages on the building envelope with different
heating systems are summarized in Figure 25. In each of these graphs, four different curves are
shown, representing the application of the different renovation packages on the building envelope
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in combination with the installation of different heating systems. Each dot in the curves represents
the application of a particular renovation package.
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Figure 25: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different heating systems and related impacts on carbon emissions and primary energy use for
the Spanish Case Study

5.4.3. Co-benefits

Table 14 presents the co-benefits for some of the renovation packages, namely the reference
case, the cost optimal solution (M9 with gas boiler backed by solar thermal), the solution with the
best energy performance (M10 with gas boiler backed by solar thermal) and the chosen
renovation package.

Despite presenting higher global costs and worse energy performance than the other two
packages improving the energy performance, the chosen renovation package presents more
positive co-benefits than the cost optimal and similar benefits to the scenario with the best energy
performance. This evaluation derives from the fact that the cost optimal scenario doesn’t include
the change of the windows while the chosen renovation and the scenario with the best energy
performance include improvements in all the building envelope elements.
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Table 14: Identification of co-benefits in several renovation packages in the Spanish Case Study

Building elements Reference Chosen Renov. M9 + GB + ST M10 + GB + ST
Fagade Maintenance 6 cm of XPS 22 cm of XPS 22 cm of XPS
Roof Maintenance 6 cm of XPS 24 cm of XPS 24 c¢cm of XPS
Floor Maintenance 10 cm of RW 24 cm of RW 24 cm of RW
Windows Maintenance New windows U 1.8 Maintenance New windows U 1.4
Heating system Collec. Oil boiler DH biomass + gas Gas boiler Gas boiler
DHW system Collec. Oil boiler Gas boiler Gas boiler Gas boiler
Renewables None None Solar thermal Solar thermal
I
Aesthetics A A A A
Pride/prestige A A A A AA AA
Thermal comfort AA AAA AAA
Building physics AA AA AA
Internal noise v \4 \4
Price fluctuation AA AA AA
Air Quality A A A
External noise AA AA
Safety AA AA
Additional costs I B .
[EUR/m?a] 16 1.4 Cost optimal 1.2

5.44. Conclusions

For the analyzed parameters carbon emissions, total Primary Energy and Life Cycle Costs the
following conclusions can be drawn:

* The reference case achieves the highest Life Cycle Costs and highest carbon emissions.

* The highest Primary Energy is achieved, when only the heating system is changed to
district heating based on 75% biomass and no further energy related measures are carried
out.

* The lowest carbon emissions are achieved by renovation measure M10, which represents
the most improved building envelope, together with a biomass heating system.

* The lowest total Primary Energy is also achieved by renovation measure M10 but in this
case a natural gas heating system together with a solar thermal installation leads to these
low total PE values.

* The calculation results show that it is more effective to reduce the carbon emissions if
several building elements are renovated instead of concentrating only on one element.
The exception is if the renovation measures on the building envelope are combined with
a biomass heating systems. In this case the investigated efficiency measures on the
envelope don’t have a big influence on the carbon emissions. The impact of switching
from oil to biomass is much larger.

* Only changing the heating system (without improving the thermal properties of the building
envelope) reduces the carbon emissions but not automatically the Primary Energy. In the
case of district heating, district heating + solar thermal and biomass this measure leads to
an increase of the total Primary Energy.

71



e Carbon emission and total Primary Energy reductions in consequence of renewable
energy generation on-site by the solar thermal and photovoltaic installations are given but
are quite small. Nevertheless the on-site generation leads also to a reduction of the Life
Cycle Costs compared to the system without generation on-site.

Following Table 15 shows the investigated hypotheses for the Spanish Case Study.

Table 15: Results for the investigated hypotheses for the Case Study “Lourdes Neighborhood* in Spain. v/
means that the hypothesis is confirmed, ¥ means that the hypothesis is not confirmed. Symbols
in parenthesis or separated by a slash indicate that the hypothesis is only partly confirmed / not
confirmed.

Results from Case Study

Hypothesis “Lourdes Neighborhood”,
Spain

The energy performance of the building depends more on how many building elements x

are renovated than on the energy efficiency level of individual building elements

A switch to RES reduces emissions more significantly than energy efficiency measures v )*

on one or more envelope elements ( )

A combination of energy efficiency measures with RES measures does not change v

significantly the cost optimal efficiency level

Synergies are achieved when a switch to RES is combined with energy efficiency v

measures

To achieve high emission reductions, it is more cost effective to switch to RES and carry
out less far-reaching renovations on the building envelope than to focus on energy v [x*
efficiency measures alone.

* Confirmation for district heating with 75% biomass of for biomass heating system possible, yet not for
heat pump.

For the Spanish Case Study two of the five hypotheses can be completely confirmed. The
hypothesis “The energy performance of the building depends more on how many building
elements are renovated than on the energy efficiency level of individual building elements” is
disproved, as for example the 22 cm wall insulation achieves similar good results as the same
measure plus adding insulation on the roof. That means carrying out additional measures doesn’t
lead to major carbon emissions and total Primary Energy reductions.

The hypotheses “A switch to RES reduces emissions more significantly than energy efficiency
measures on one or more envelope elements” and “To achieve high emission reductions, it is
more cost effective to switch to RES and carry out less far-reaching renovations on the building
envelope than to focus on energy efficiency measures alone.” cannot completely be confirmed.
The hypotheses are true for biomass based heating systems but not for heat pump.
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5.5. Case Study “Backa rod”, Sweden

5.5.1.

BITS
(Building
Integrated
Technical
Systems)

on-site)

Reference case

Maintenance of the
facade

Investigated renovation packages

Renovation
package v1

100 mm additional
insulation of the
facade

100 mm additional
insulation of the
roof

100 mm additional
insulation of the
base wall and 100
mm expanded clay
added in the crawl
space

New triple-glazed
windows (U-value
1.7 W/m2K)

Renovation
package v2

195 mm additional
insulation of the
facade

300 mm additional
insulation of the
roof

195 mm additional
insulation of the
base wall and 500
mm expanded clay
added in the crawl
space

New triple-glazed
windows (U-value
0.9 W/m2K)

Renovation
package v3

195 mm additional
insulation of the
facade

300 mm additional
insulation of the
roof

195 mm additional
insulation of the
base wall and 500
mm expanded clay
added in the crawl
space

New triple-glazed
windows (U-value
0.9 W/maK)

New district heating
substation, for
heating and new
recirculation for
domestic hot water
installed

New radiators

New individual
metering and
invoicing of
domestic hot water

New balanced
mechanical
ventilation system
with heat recovery
(Eff.= 50%)

New building
automation system

New radiators

New individual
metering and
invoicing of
domestic hot water

New low-energy
lighting

New radiators

New individual
metering and
invoicing of
domestic hot water

New balanced
mechanical
ventilation system
with rotary heat
exchangers (Eff.=
75%)

New building
automation system

New low-energy
lighting

Oil Oil

Natural gas Natural gas

Electricity Electricity
District heating District heating District heating District heating
partly (81%) based  partly based on partly based on partly (81%) based
on renewables renewables renewables on renewables
None None None None
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Following combinations of renovation measures (marked with M1, M2,...) were defined and tested
to answer the defined hypotheses in detail. In addition to the investigated renovation measures
in the renovation packages v1, v2 and v3 in M11 a photovoltaic installation was included to test
also the influence of a renewable energy generation on-site on the total results.

Description

In the reference case, the existing facade is maintained. No further energy related
renovation measures are considered.

100 mm insulation of facade

195 mm insulation of facade

M2 + 100 mm insulation of the roof

M2 + 300 mm insulation of the roof

M4 + 100 mm insulation of the floor

M4 + 195 mm insulation of the floor

M6 + new windows (U-value 1.7 W/m2K)

M6 + new windows (U-value 0.9 W/m2K)

M8 + mechanical ventilation with heat recovery

M9 + building automation and low-energy lighting

M10 + photovoltaic installation

The renovation measures M1 to M11 were also tested with different heating systems:
e  Qil
* Pellets
* District heating partly (81%) based on renewables
* District heating based on 100 % RES

Again, carbon emissions, total Primary Energy and Life Cycle Costs of the different combinations
of renovation measures on the building envelope and of the Building Integrated Technical
Systems were tested. The results of the Swedish Case Study “Backa réd” are presented in
following chapter 5.5.2.
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5.5.2. Results

Figure 26 shows the calculation results. On the left side the comparison of the Life Cycle Costs
with the carbon emissions, on the right side the comparison with the total Primary Energy.
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Figure 26: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy (right
chart) of the Case Study “Backa ré6d”, Sweden

The results show that if the carbon emissions are the main parameter, the renovation packages
v2 with heating and domestic hot water production based on electricity, the renovation packages
v1 and v2 based on district heating and the actual renovation carried out, renovation package v3,
achieve carbon emissions reductions, but are not cost effective. However, the annual costs of
renovation package v2 based on district heating are almost the same as for the reference case.

The renovation packages v1 and v2 with heating and DHW production based on natural gas and
based on oil achieve higher carbon emissions than the reference case.

The increased carbon emissions can be explained by the higher conversion factor of oil compared
to the conversion factor of the partly renewable district heating. The district heating is to 81 %
based on renewable energy and 19 % fossil fuels according to Géteborg Energy, which explains
the low carbon emission and the low primary energy.

Nevertheless it has to be mentioned that all investigated renovation packages have higher LCC
than the reference case. This means that although carbon emissions reduction could be achieved,
carrying out these renovation measures would not be cost effective.

If the total PE is regarded as the main parameter the renovation packages v1 and v2 with district
heating and the actual renovation carried out (renovation package v3) achieve a reduction of the
total PE. The total PE of all other renovation packages is higher than the reference case.
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The lowest carbon emissions are achieved by the executed renovation package v3 with a value
of 8 kgCO»-eq/m2a. This is a reduction compared to the reference case by 7 kgCO2-eq/m?a
respectively 47%. In comparison with the highest carbon emissions, which are achieved by
renovation package v2 with an oil based heating and domestic hot water production, this is a
reduction of 74%.

The lowest total PE is achieved by renovation package v3 with heating and domestic hot water
based on district heating. The total PE of this renovation package is 50 kWh/m2a and therefore
30 kWh/m?2a or 37% lower than the total PE of the reference case. Compared to the highest total
PE, which is achieved by the renovation package v1 with heating and DHW production based on
electricity, it is a reduction of 225 kWh/m2a or 82%.

The cost optimal solution is, as mentioned before, the reference case with annual LCC of about
26 EUR/m?2a.

The following charts in Figure 27 and Figure 28 show the comparison of the different energy
efficiency renovation measures for the Swedish Case Study for conventional district heating,
which is partly based on renewables, district heating completely based on renewable energy
sources, oil heating and pellets burner (top down), and related impacts on carbon emissions and
primary energy use. The reference shown as a grey dot refers to a situation with district heating
partly based on renewables.
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Figure 27: Comparison of cost effectiveness of energy efficiency renovation measures for the Swedish
Case Study for district heating (partly based on renewable energy sources), as well as related
impacts on carbon emissions and primary energy use.
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Figure 28: Comparison of cost effectiveness of energy efficiency renovation measures for the Swedish
Case Study for district heating based on renewable energy sources (top), oil heating (middle)
and pellets burner (bottom), as well as related impacts on carbon emissions and primary energy
use
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Figure 29 summarizes the cost curves for the different renovation measures on the building
envelope with different heating systems. The four different curves represent the application of the
different renovation measures on the building envelope in combination with the installation of
different heating systems. Each dot in the curves represents the application of a particular
renovation package. The point with the highest emissions or highest primary energy use for each
energy source represents the anyway renovation. As more measures are added to the renovation
packages, carbon emissions and primary energy use decrease.

40 40
g 35 ﬁ__.._—‘/"\.h/‘ —+-Oil heating ::E— 35 W
w 30 } Wood pellets 5 30 7
@ =
= i District Heating . <0 3
5 2 District Heati 3 @
—District Heating
S 15 RES ; 15
@ a
o 10 o 10
B 173
3 8 5
0
0
0 10 20 30 40 50 60 0 50 100 150 200 250 300
Emissions per year [kg CO,eq/(a*m?)] Primary energy per year [KWh/(a*m?)]

Figure 29: Aggregated comparison of cost effectiveness of energy efficiency renovation measures for
different heating systems and related impacts on carbon emissions and primary energy use for
the Swedish Case Study

5.5.3. Co-benefits

The facades were damaged by carbonation and were in need of renovation. The building was
leaky, through the facade and between the apartments. Draught occurred from the infill walls at
the balcony and cold floors were caused by thermal bridges from the balconies.

For the co-benefits analysis the cost optimal solution (renovation package M1 + district heating
for heating and domestic hot water production) was compared to the solution that leads to best
energy performance (renovation package M11 + district heating + photovoltaic installation on-
site) and also with M11 combined with wood pellets. The identified co-benefits are visible in Table
16.

Analyzing Table 16 it is noticeable that the packages of measures improving significantly the
building envelope present several co-benefits related with the building quality such as improved
thermal comfort, reduced problems related to building physics, reduced external noise and
improved safety against intrusion. However, this come with increased global cost when compared
to the cost optimal package, an increase of 8 to 11 €m?2a. On the other hand, the use of district
heating, particularly if mainly based on renewables, is the main origin of financial benefits and
economic co-benefits, namely the reduction of the exposure to energy price fluctuations.
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Table 16: Identification of co-benefits in several renovation packages in the Swedish Case Study

Building elements Reference M1 + DH M11 + WP + PV M11 + DH (RES) + PV
Fagade Maintenance 19.5 cm of RW 19.5 cm of RW 19.5 cm of RW
Roof Maintenance Maintenance 50 cm of RW 50 cm of RW
Floor Maintenance Maintenance 19.5 cm of RW 19.5 cm of RW
Windows Maintenance Maintenance 3x glazing U=0.9 3x glazing U=0.9
Ventilation Natural Natural Mech. + heat recov Mech. + heat recov
Heating system District heating District Heating Wood pellets RES District heating
DHW system District heating District Heating Wood peIIets RES District heating
None None

_ _ _ —
Aesthetics
Pride/prestige A A A A A A
Thermal comfort AA AAA AAA
Building physics A AA AA
Internal noise v v
Price fluctuation A v AA
Air Quality A A
External noise AA AA

Safety AA AA
Additional costs

[EUR/m?a] 1 Cost optimal 11 8

5.5.4. Conclusions
Summarized the following conclusions can be drawn for the analyzed parameters:

* Only changing the heating system from conventional district heating to district heating
based on renewables, without improving the building envelope, is not a cost effective
measure but reduces carbon emissions and total Primary Energy.

* The oil heating achieves higher (and also highest) carbon emissions and total Primary
Energy values. Furthermore none of the investigated renovation measures are cost
effective, when combined with oil heating or wood pellets.

* The lowest carbon emissions are achieved by the renovation measure which includes the
photovoltaic installation, independent of the chosen energy source for heating and DHW.
But it has to be mentioned that the influence of the photovoltaic system on the carbon
emissions is quite small, as the photovoltaic system only contributes to the operation of
fans and pumps. Besides this measure, the lowest carbon emissions are achieved by the
renewable district heating combined with the complete renovation package.

* The lowest total Primary Energy is also achieved by the renovation measure which
includes the photovoltaic installation, again independent of the chosen energy source for
heating and DHW. Compared to the carbon emissions the influence of the photovoltaic
system on the total PE is bigger. If the photovoltaic installation is not taken into account,
the lowest total Primary Energy is also achieved by the renewable district heating in
combination with the entire investigated renovation measures.
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Following Table 17 shows the investigated hypotheses for the Swedish Case Study.

Table 17: Results for the investigated hypotheses for the Case Study “Backa réd” in Sweden. v' means
that the hypothesis is confirmed, ¥ means that the hypothesis is not confirmed. Symbols in
parenthesis or separated by a slash indicate that the hypothesis is only partly confirmed / not
confirmed.

Results from Case Study
“Backa rod”, Sweden

Hypothesis

The energy performance of the building depends more on how many building elements

are renovated than on the energy efficiency level of individual building elements x
A switch to RES reduces emissions more significantly than energy efficiency measures v
on one or more envelope elements

A combination of energy efficiency measures with RES measures does not change v
significantly the cost optimal efficiency level ( )
Synergies are achieved when a switch to RES is combined with energy efficiency v /x

measures

To achieve high emission reductions, it is more cost effective to switch to RES and carry
out less far-reaching renovations on the building envelope than to focus on energy v
efficiency measures alone.

For the Swedish Case Study two of the five hypotheses can absolutely be confirmed. Disproved
is the hypothesis “The energy performance of the building depends more on how many building
elements are renovated than on the energy efficiency level of individual building elements”, where
the calculations show that performing additional renovation measures on the building envelope
does not result in reduced carbon emissions, total Primary Energy values and Life Cycle Costs.
The hypotheses “A combination of energy efficiency measures with RES measures does not
change significantly the cost optimal efficiency level” and “Synergies are achieved when a switch
to RES is combined with energy efficiency measures” cannot completely be confirmed. The
hypothesis mentioned second for example is true for insulation of the exterior wall in combination
with the change to district heating based on RES but not confirmed for all remaining renovation
measures in combination with district heating based on RES and also for all combinations with a
pellets heating system.
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Non-Residential Building

5.6. Case Study “Kaminky 5”, Czech Republic

5.6.1.

Technical

Reference case

New double- and
triple glazed
windows

Investigated renovation packages

Renovation
package vi

Addition of 60 to 90
mm EPS, XPS and
mineral wool
insulation on the
facade

Addition of 90 mm
EPS insulation on
the roof

Addition of up to
130 mm EPS and
mineral wool
insulation to the
ceiling under the
first floor

New double- and
triple-glazed
windows

Renovation
package v2

Addition of 60 to
290 mm EPS, XPS
and mineral wool
insulation on the
facade

Addition of 300 mm
EPS insulation on
the roof

Addition of up to
380 mm EPS and
mineral wool
insulation to the
ceiling under the
first floor

New triple-glazed
windows

Renovation
package v3

Addition of 60 to
160 mm EPS, XPS
and mineral wool
insulation on the
facade

Addition of 180 mm
EPS insulation on
the roof

Addition of up to
240 mm mineral
wool insulation to
the ceiling under
the first floor

New double- and
triple-glazed
windows

New mechanical
ventilation system
with heat recovery
in the kitchen,
storage rooms,
toilets and showers

Renovation of the
heat exchanger
connected to the
district heating

New mechanical
ventilation system
with heat recovery
in the kitchen,
storage rooms,
toilets and showers

New heating
system including
new storage tank
for DHW

New mechanical
ventilation system
with heat recovery
in the kitchen,
storage rooms,
toilets and showers

New heating
system including
new storage tank
for DHW

New mechanical
ventilation system
with heat recovery
in the kitchen,
storage rooms,
toilets and showers

New heating
system including
new storage tank
for DHW

District heating
based on natural
gas

District heating
based on natural
gas

Natural gas
Electricity

District heating
based on natural
gas

Natural gas
Electricity

District heating
based on natural
gas

Natural gas
Electricity

None

Installation of a
66.42 kWp
photovoltaic system
for the electricity
generation on-site

Installation of a
66.42 kWp
photovoltaic system
for the electricity
generation on-site

Installation of a
66.42 kWp
photovoltaic system
for the electricity
generation on-site
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A photovoltaic power plant was installed on the school's roof during the renovation. Due to the
lack of funding it was installed by a private investor who pays a rent for the necessary space. The
electricity is supplied to public grid. This “indirect” incorporation of photovoltaic is included in all
variants of renovation package v1, renovation packages v2-DH, v2-gas and v2-elec as well as in
all variants of v3.

Remaining variants of renovation package v2 (v2-DH+PV, v2-gas+PV and v2-elec+PV) model
“direct” incorporation of the photovoltaic — generated electricity covers 50 % of DHW energy
consumption and the rest is used for lighting, common appliances, etc.

5.6.2. Results

The calculation results of the Czech Case Study “Kaminky 5” are shown in Figure 30. The chart
on the left side shows the comparison of the Life Cycle Costs with the carbon emissions, the right
side shows the comparison of the Life Cycle Costs with the total Primary Energy.
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Figure 30: Life Cycle Costs in comparison with carbon emissions (left chart) and total Primary Energy
(right chart) of the Case Study “Kaminky 5”, Czech Republic

The results in Figure 30 show that almost all renovation packages v1, v2 and v3 are cost effective.
Only the renovation package v1 with heating and DHW production based on electricity achieves
higher Life Cycle Costs than the reference case.

The lowest carbon emissions are achieved by renovation package v2, with heating and DHW
production based on natural gas, including also the photovoltaic installation owned by the
schoolis. This renovation package achieves annual carbon emissions of 25 kgCO2-eq/m?a, which
is a reduction of more than 34 kgCO»-eqg/m?a or 58% compared to the reference case.

15 In this case the generated electricity is used to cover the electricity demand of the school building.
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The executed renovation package v3 with district heating achieves annual carbon emissions of
36 kgCO2»-eg/m?a. This is a reduction of almost 23 kgCO2-eq/m2a or 39% compared to the
reference case.

The lowest total PE is also achieved by renovation package v2 with natural gas based heating
and DHW production, including again the photovoltaic installation for on-site energy generation.
This package achieves a total PE of 109 kWh/m2a, which is a reduction of 162 kWh/m?2a or 60%
compared to the reference case.

The executed renovation achieves a total PE value of 166 kWh/m2a. This is a reduction,
compared to the reference case, of 105 kWh/m?2 or 39%.

The cost optimal solution of all investigated renovation packages is also renovation package v2
based on natural gas for heating and DHW supported by a photovoltaic installation for the energy
generation on-site. The annual LCC of this renovation package are 13.89 EUR/m2a. This is a
reduction of 12 EUR/m?2a or 46% compared to the reference case.

The executed renovation achieves annual Life Cycle Costs of 17.48 EUR/m2a. This value
represents a reduction of 8.41 EUR/m?2a, which is a reduction of 32% compared to the reference
case.

The executed renovation met the expectations, even though the ex-post assessment presented
above shows that there were more cost-efficient ways of improving the school's energy
consumption and environmental impacts. Other variants were dismissed due to increased costs
or time requirements during the design process.

Especially time was the limiting factor for the renovation. It was not possible to provide alternative
spaces for the school. Thus most of the indoor construction works had to be done during summer
holiday, when the school was closed. This meant approximately two months of working time. For
example the cost optimum renovation package presented in this assessment uses gas heating.
The installation of the gas boiler would have required modifications of the whole heating system.
These modifications would have required modifications of floor covers, floors structures and also
of other structures of the building. This scale of work would have either required much more time
than available two months or increase the unnecessarily increase the construction costs.

Influence of improving the energy performance of the building envelope:

To test the influence of the energy performance of the building envelope on the total results the
reference case is compared to the renovation packages v1, v2 and v3, in each case equipped
with district heating and the same BITS. In this case only the influence of improving the thermal
envelope can be investigated.

Figure 31 shows the comparison of the four different renovation scenarios for district heating, and
related impacts on carbon emissions and Primary energy use.
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Figure 31: Comparison of four different renovation scenarios, all equipped with district heating, for the
Czech Case Study, to investigate the influence of the thermal quality of the building envelope
on the annual Life Cycle Costs, carbon emissions and Primary Energy

Influence of modifying the energy source for heating and domestic hot water

For each of the three thermal standards (renovation package v1, v2 and v3) district heating,
natural gas and electricity were tested to investigate the influence of the choice of the heating
system on the total results of Life Cycle Costs, carbon emissions and total Primary Energy.

The results of this investigation are visible in Figure 32 and Figure 33.
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Figure 32: Comparison of district heating, natural gas and electricity for the renovation package v1 of the
Czech Case Study to investigate their influence on the annual Cycle Costs, carbon emissions
and total Primary Energy
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Figure 33: Comparison of district heating, natural gas and electricity for the renovation packages v2 (top)
and v3 (bottom) of the Czech Case Study to investigate their influence on the annual Cycle
Costs, carbon emissions and total Primary Energy

Influence of renewable energy generation on-site

In the Czech Case Study a photovoltaic installation is considered to generate renewable energy
on-site. To investigate the influence of this PV system on the total results, the renovation package
v2 was tested with three different energy sources, district heating, natural gas and electricity, both
with and without the additional energy generation by the photovoltaic installation. Figure 34 shows
the results of these calculations.
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Figure 34: Influence of the photovoltaic energy generation on-site, tested with three different energy
sources for heating and DHW (district heating, natural gas and electricity) for the renovation
package v2

5.6.3. Conclusions

For the analyzed parameters carbon emissions, total Primary Energy and Life Cycle Costs
following conclusions can be drawn:

* Improving the thermal quality of the building envelope reduces the annual carbon
emissions, total Primary Energy and Life Cycle Costs. The lowest values are achieved by
the renovation package v2, which represents the most improved thermal envelope.

* The highest carbon emissions, total PE and LCC are achieved by the electric heating
systems. A modification of the energy source for heating and domestic hot water can
reduce the values. Higher reductions are possible if the change is to natural gas heating
compared to district heating. The reductions are higher the lower the thermal quality of the
building envelope is. That means renovation package v1 achieves the highest reductions
and renovation package v2 the lowest.

* The renewable energy generation on-site can reduce carbon emissions and total Primary
Energy by about 15%, independent of the used energy source for heating and domestic
hot water production. The reduction of the LCC is quite small (within a range of 1-4%) but
existing.

For the Czech school building the hypotheses could not be answered based on the existing data
and are therefore not shown at this point. The small number of renovation packages that was
available didn’t allow the test of the hypotheses.
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5.7. Overall Results

This chapter includes some overall results to the investigations of each Case Study in the previous
chapters. In chapter 5.7.1 the focus is on the carbon emissions results. For each Case Study the
calculated carbon emissions are presented and the reduction potentials are shown. Chapter 0
includes the results for the total Primary Energy and chapter 5.7.3 includes a summary of the Life
Cycle Costs of each Case Study. In the last part the investigated hypotheses are summarized
(see chapter 5.7.4).

5.7.1. Carbon emissions

Figure 35 shows the calculated annual carbon emissions of the six Case Studies. The carbon
emissions of the reference cases (light green columns) are compared to the lowest carbon
emissions of investigated renovation packages v1, v2 and v3 (dark green columns). The range
between the lowest and the highest carbon emissions among all analyzed renovation packages
is also highlighted by the arrow.
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Figure 35: Carbon emissions of the six Case Studies. The carbon emissions of the reference cases are
compared to the carbon emissions of the investigated renovation packages, shown as lowest
value and as range between the lowest and the highest carbon emissions.
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The calculation results show that the Portuguese Case Study achieves the highest carbon
emissions in the reference case with 106 kgCO2-eq/m2a. The lowest carbon emissions in the
reference case are achieved in the Swedish Case Study with 15 kgCO2-eg/m2a. The reasons for
these low carbon emissions of the reference case might be the energy source for heating and
domestic hot water, which is district heating based on 81% renewable energy sources. This
situation is very common in Sweden.

The lowest carbon emissions of the investigated renovation packages are achieved in the Danish
Case Study with 6 kgCO2-eg/m2a. The main reasons for this low value are the chosen energy
source for heating and domestic hot water (district heating) and the large photovoltaic installation
which is included in this specific renovation package.

The results showed that in four of the six buildings carbon emissions reductions are always given,
independently of the chosen measures. This can be seen by the comparison of the highest value
of the renovation packages with the reference cases. For the Czech Case Study and the Swedish
Case Study this statement is not true. In the Czech Republic the reference case uses district
heating based on natural gas for heating and domestic hot water supply. If the energy source is
changed to electricity, the carbon emissions increase, although renovation measures on the
building envelope are included too (see results for renovation package v3 in Figure 33). Therefore
the measures on the envelope cannot compensate the worse conversion factor of electricity
compared to district heating.

The same situation is given in the Swedish Case Study. As mentioned before the reference case
uses district heating, which is largely, 81%, based on renewables. If the energy source is changed
to oil or natural gas the carbon emissions increase, again although energy related renovation
measures on the building envelope are included.

Figure 36 shows the carbon emissions reduction potentials of the six Case Studies. The reduction
potentials are shown as absolute values (yellow columns) and as relative reduction potentials
(orange columns). Again the range between the lowest and the highest reduction potential is
highlighted.

The chart shows that the Portuguese Case Study achieves the highest minimum reduction of all
investigated buildings with a value of 58 kgCO2-eq/m?2a and also the highest possible savings with
98 kgCO2-eg/m?2a, which is a reduction of 92% compared to the reference case. To achieve this
high relative reduction a combination of both, improving the energy performance of the building
envelope and the change of the energy source for heating and domestic hot water production is
necessary.

The Danish Case Study shows the smallest absolute reduction potential with values between
11 kgCO2-eg/m2a and 20 kgCO.-eq/m?2a. The reason for that low absolute reduction is the quite
low carbon emissions of the reference case (see also Figure 35), which is similarly true also in
Sweden. However looking at the relative reduction potential the values are high and range
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between 42% and 77% reduction, which is a result of the energy related renovation measures on
the building envelope.

In the Spanish Case Study similar results are achieved as in Austria. The absolute savings
potential ranges between 25 kgCOz-eg/m2a and 50 kgCO2-eg/m?2a which is a reduction of 38% to
76% compared to the reference case. In both cases the high carbon emissions of the reference
cases lead to those high reductions of the investigated renovation packages.

For the Swedish and the Czech Case Studies no minimum reduction is given (see description of
Figure 35). That means the reduction potentials range between 0 kgCO»-eq/m?2a and 34 kgCO»-
eg/m2a (Czech Republic) respectively 7 kgCO2-eg/m2a (Sweden). Compared to the reference
cases these are reductions of up to 58% in the Czech case and up to 47% in the Swedish case.
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Figure 36: Carbon emissions reduction potential of the six Case Studies. The absolute (yellow columns)
and the relative reduction potentials (orange columns) are presented as minimum reduction and

also as range between the minimum and maximum reduction.
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A comparison of the Life Cycle Costs of the reference cases (light red columns) and those
renovation packages which achieve the lowest carbon emissions (dark red columns) are shown
in Figure 37. The chart shows that almost all renovation packages, which achieve the lowest
carbon emissions, are also cost effective. That means that the LCC of these renovation packages
are lower than the LCC of the reference cases. The exceptions are the Danish and the Swedish
Case Study, where all investigated renovation packages lead to an increase of the annual LCC
(see descriptions in chapter 5.2 (Denmark) and chapter 5.5 (Sweden)).
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Figure 37: Life Cycle Costs of the six Case Studies. The LCC of the reference cases are compared to the
LCC of those renovation packages, which achieve the lowest carbon emissions. Additionally the
LCC optimum for each Case Study was marked.

A further analysis of the Life Cycle Costs is shown in Figure 38. The chart demonstrates the
possible Life Cycle Cost reductions, when bringing the carbon emissions to the lowest value. That
means for each Case Study the LCC of the renovation package with the lowest annual carbon
emissions was compared to the LCC of the individual reference cases.

The analysis shows that the LCC can be reduced from 2 EUR/m?2a in the Austrian Case Study up
to 17 EUR/m?a in the Portuguese Case Study (in the Danish and Swedish Case Studies no
reduction of the LCC is given, therefore no value is shown for these two countries in Figure 38).
In relative value these are reductions of 6% in Austria to 22% in Portugal. The reasons for the low
reduction in Austria are the quite low LCC of the reference case and much more important the
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high investment costs of the executed renovation package v3, which achieves the lowest carbon
emissions, due to the prefabricated facade and the large photovoltaic and solar thermal
installations. Therefore the LCC are higher than they would be without the prefabrication and the
on-site energy generation.

In Czech Republic and Spain the relative reductions are even higher than in Portugal. In the
Czech Case Study the relative reduction is 46% and in the Spanish Case Study 39%, always
compared to the reference cases.

The conclusion of the evaluation of the carbon emissions and the corresponding Life Cycle Costs
is that high carbon emissions reductions are possible which are cost effective and lead to a high
reduction of the Life Cycle Costs. However these case studies, one per country, on which the
conclusion is based, might not always be completely representative for the individual country.
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Figure 38: Life Cycle Costs reduction potentials of the six Case Studies. The absolute reduction potential
(blue column) and the relative reduction potential (purple column) are presented as values
between the reference case and the renovation package which achieves the lowest carbon
emissions. Additionally the reduction potentials of the LCC optimum, compared to the reference

cases, were marked.
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5.7.2. Total Primary Energy

Figure 39 shows the calculated total Primary Energy of the six Case Studies. The total Primary
Energy of the reference cases (light blue columns) are compared to the lowest total PE of the
investigated renovation packages (dark blue columns). The range between the lowest and the
highest Primary Energy is highlighted and estimated.
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Figure 39: Total Primary Energy of the six Case Studies. The total Primary Energy values of the reference
cases are compared to the total Primary Energy values of the investigated renovation packages,
shown as lowest value and as range between the lowest and the highest value.

The calculation results show that the Portuguese Case Study achieves the highest total Primary
Energy in the reference case with 495 kWh/m2a. The lowest total Primary Energy of all reference
cases is achieved in the Swedish Case Study with 80 kWh/m?2a. This value is more than six times
lower than the total PE of the Portuguese reference case. The main reason for this low value is
the high share of renewable energy sources in the considered district heating.

The lowest total Primary Energy after renovation is achieved in the Portuguese Case Study with
a value of 16 kWh/m2a. The main reason for this low value is the switch to heat pump, which is
supported by a photovoltaic installation on-site (similar to carbon emissions reduction in chapter
5.7.1).

The investigation of the energy related renovation measures in the six Case Studies showed that,
similar to the carbon emissions, in four of the six buildings total Primary Energy reductions are
always given, independent of the chosen measures. For the Czech Case Study and the Swedish
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Case Study this statement is not true. In the Czech case the reference case uses district heating
based on natural gas for heating and domestic hot water supply of the building. If the energy
source is changed to electricity the total Primary energy values increase, although renovation
measures on the building envelope are included (see also description of Figure 35).

The same situation is given in the Swedish Case Study. As mentioned before the reference case
uses district heating, which is (largely) based on renewables. If the energy source is changed to
oil, natural gas or electricity the total Primary Energy increases, again although energy related
renovation measures on the building envelope are included.

Figure 40 shows the total Primary Energy reduction potentials of the six investigated Case
Studies, the absolute values (yellow columns) and also the relative (orange columns).
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Figure 40: Total Primary Energy reduction potential of the six Case Studies. The absolute (yellow columns)
and the relative reduction potentials (orange columns) are presented as minimum reduction and
also as range between the minimum and maximum reduction.
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The chart shows that the Portuguese Case Study achieves the highest reduction potentials (of all
investigated buildings) with the minimum of 270 kWh/m2a and up to 479 kWh/m?2a. In relative
numbers this represents reductions between 55% and 97%, compared to the Portuguese
reference case. The reasons for this high reduction potential are the very high total Primary
Energy of the reference case and the combination of the thermal insulation of the building
envelope and the switch of the energy source to a multi-split air conditioned heating and cooling
system. The highest reductions are possible when improving the thermal envelope and changing
to heat pump supply.

The results in Austria and Spain are quite similar. The absolute reduction potentials range
between 105 kWh/m2a and 186 kWh/m2a in Austria, in Spain between 105 kWh/m2a and
190 kWh/m?2a. In relative terms in Austria and Spain reductions between 36% and 65%, compared
to the individual reference cases, can be achieved.

65% reduction can be also achieved in the Danish Case Study, even if the absolute reductions
are smaller (between 24 kWh/m2a and 60 kWh/m?2a) due to the lower total Primary Energy
demand of the Danish reference case.

For the Swedish and the Czech Case Studies no minimum reduction is given (similar to carbon
emissions in previous chapter). That means the reduction potentials range between 0 kWh/m?2a
and 163 kWh/m2a (Czech Republic) respectively 30 kWh/m2a (Sweden). Compared to the
reference cases these are reductions of up to 60% in the Czech case and up to 37% in the
Swedish case. This also means that in the Czech and Swedish case high relative reductions of
the total Primary Energy are possible but the investigated renovation measures can also lead to
an increase of the total Primary Energy (see figures in sections 5.5.2 and 5.6.2).

Figure 41 shows similar to Figure 37 the comparison of the Life Cycle Costs of the reference
cases (light red columns) and of those renovation packages which achieve the lowest total
Primary Energy (dark red columns). The chart shows that almost all renovation packages, which
achieve the lowest total Primary Energy in each particular Case Study, are also cost effective.
That means that the LCC of these renovation packages are lower than the LCC of the reference
cases. The exceptions are again the Danish Case Study and the Swedish Case Study, where all
investigated renovation packages lead to an increase of the annual LCC (see section 5.2.2
(Denmark) and section 5.5.2 (Sweden)).

94



= LCC reference case LCC of rencovation package with lowest Pnmary Energy LCC optimum

150

140 1

130
Kok
E 120 4
S
w 10
£
& 100
"
o
O 90
2
5 801
£ 70
—

60

50

9 3] 76 \39

30

%
2145 20 (14} 14} % !
10 26 ~14 S 13 25
13
0
reference |renovation | reference |[renovation | reference |renovation| reference [renovation| reference [renovation | reference |renovation
case case case case case case
Austria Czech Repubic Denmark Portugal Span Sweden

Figure 41: Life Cycle Costs of the six Case Studies. The LCC of the reference cases are compared to the
LCC of the renovation packages, which achieve the lowest total Primary Energy. Additionally
the LCC optimum for each Case Study was marked.

Figure 42 shows the LCC reduction potentials when reducing the total Primary Energy to the
minimum. For each Case Study the LCC of the specific renovation package, which achieves the
lowest total Primary Energy, was compared to the individual reference cases. The reductions are
shown as absolute values in EUR/m?2a and also in relative reductions (in %).

The analysis shows that the LCC can be reduced from 2 EUR/m?2a in the Austrian Case Study up
to 23 EUR/m?a in the Portuguese Case Study (again no values for the Danish and the Swedish
Case Studies because for these two buildings no reductions of the LCC were given). In relative
value these are reductions of 6% in Austria to 31% in Portugal. The reasons for the low reduction
in Austria are the quite low LCC of the reference case and much more important the high
investment costs of the executed renovation package v3, which achieves the lowest total Primary
Energy, due to the prefabricated fagcade and the photovoltaic and solar thermal installations.

Reducing the total Primary Energy in the Czech Case Study to the lowest possible level also
reduces the Life Cycle Costs considerably. The absolute reduction is quite small at a first glance,
with a value of 12 EUR/m?2a, but compared to the LCC of the reference case the relative reduction
is 46%. Reasons for this reduction are the combination of the thermal insulation of the building
envelope and the switch to gas heating. In general all investigated renovation packages with
heating and domestic hot water production based on natural gas achieve similar LCC results and
savings. The photovoltaic installation could further reduce the Life Cycle Costs.
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Figure 42: Life Cycle Costs reduction potentials of the six Case Studies. The absolute reduction potentials
(blue columns) and the relative reduction potentials (purple columns) are presented as values
between the reference case and the renovation package which achieves the lowest total Primary
Energy. Additionally the reduction potentials of the LCC optimum, compared to the reference
cases, were marked.
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5.7.3. Life Cycle Costs vs. Carbon emission and Primary Energy

This chapter focuses only on the Life Cycle Costs and the comparison of the cost curves of each
country. Interestingly the measures in the studied cases seem to group together so that each
case dominates different parts of the graphs. However, it is not known if this is due to country
specific conditions or case specific conditions. This becomes apparent in Figure 43, which shows
the comparison of the annual Life Cycle Costs with the carbon emissions of all countries on the
left side and with the total Primary Energy of all countries on the right side. Each country is marked
in a separate color without identifying the individual renovation packages.

Each mark represents one of the investigated renovation packages (reference case, v1, v2, v3)
including also different energy sources for heating and DHW.

The analysis of the data in Figure 43 shows that the Portuguese Case Study achieves the highest
annual costs of all countries. The LCC range between 39 EUR/m?2a (cost optimum) and almost
76 EUR/m2a. Even the cost optimal renovation package has higher LCC than almost all defined
renovation packages of the other countries. The investigated renovation packages in Austria,
Czech Republic, Denmark and Spain achieve similar LCC, which range between 15 EUR/m2a
and 30 EUR/m?a. The LCC range therefore is quite small. The absolute lowest LCC were
achieved in the reference case of the Danish Case Study with a value of 12.79 EUR/m?a.
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Figure 43: Comparison of Life Cycle Costs, carbon emissions (left side) and total Primary Energy (right
side) of all investigated Case Studies

The conclusion of this analysis is that the values can differ from country to country and therefore
it is not possible to compare the six Case Studies directly. The differences can be explained for
example by differences in building costs, energy costs, climates, building and HVAC technology.
Furthermore these factors can also differ from project to project within a country. Especially if the
fact is considered that the investigated buildings represent pretty much unique building
renovations and therefore are hardly comparable to most other buildings in the six countries.

More information to the differences between the countries and the comparison of the Case
Studies with generic buildings can be found in the report “Investigation based on calculations with
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generic buildings and case studies” (Bolliger and Ott, 2015), which can be downloaded from the
IEA EBC Annex 56 website (see: http://www.iea-annex56.org/index.aspx)
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5.7.4. Overview of investigated hypothesis for the five residential Case Studies

The five investigated hypotheses were tested for each residential building of the Case Studies
and presented in the previous chapters. For the Case Study from the Czech Republic, the small
number of renovation packages that was available didn’t allow the test of the hypotheses.
Therefore the analysis in this chapter includes only the five residential Case Studies.

Based on the defined renovation packages deeper analyses of the influence of the different
renovation measures on the Life Cycle Costs, carbon emissions and total Primary Energy were
performed.

The goal was to test the coherence between renovation measures on the building envelope, the
switch of the energy source from non-renewable sources to RES as well as their combinations.

At this point the confirmation of the hypotheses is summarized and shown in following Table 18.

Table 18: Results for the investigated hypotheses for the five residential buildings of the Case Studies. v’
means that the hypothesis is confirmed, ¥ means that the hypothesis is not confirmed. Symbols
in parenthesis or separated by a slash indicate that the hypothesis is only partly confirmed / not
confirmed.

The energy performance of the building

depends more on how many building

elements are renovated than on the v v (\/) x x
energy efficiency level of individual

building elements.

A switch to RES reduces emissions more

significantly than energy efficiency v v v v v
measures on one or more envelope ( )
elements.

A combination of energy efficiency

measures with RES measures does not

change significantly the cost optimal v (\/) v v (\/)
efficiency level.

Synergies are achieved when a switch to
RES is combined with energy efficiency v X v v //x
measures.

To achieve high emission reductions, it is

more cost effective to switch to RES and

carry out less far-reaching renovations on v v (\/) v/x v
the building envelope than to focus on

energy efficiency measures alone.

The hypothesis “The energy performance of the building depends more on how many
building elements are renovated than on the energy efficiency level of individual building
elements.” could be completely confirmed for Austria and Denmark and partially for Portugal. In
Portugal this hypothesis was only confirmed for the renovation measures roof and wall but not for
the remaining measures on the building envelope. For the Spanish and the Swedish Case Study
this hypothesis was not confirmed.
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The hypothesis “A switch to RES reduces emissions more significantly than energy
efficiency measures on one or more envelope elements.” was confirmed in all five countries,
with limitations in the Spanish Case Study where the hypothesis was confirmed for the switch to
district heating with 75% biomass or to a biomass heating system, yet not for a switch to heat

pump.

The hypothesis “A combination of energy efficiency measures with RES measures does not
change significantly the cost optimal efficiency level.” is completely confirmed for the
Austrian, the Portuguese and the Spanish Case Study and confirmed with limitations in Denmark
and Sweden. In the Danish Case Study for example the reference case or simply a switch to a
different heating system, without energy efficiency measures, is the cost optimum renovation. All
investigated energy related renovation measures lead to an increase of the annual Life Cycle
Costs. In the Swedish case, the cost-optimum was not changed by a combination of energy
efficiency measures with RES measures. However, it can to be noted that in the case of an oil
heating system, renovation measures beyond the cost optimum are similarly cost-effective as the
cost optimum, whereas for district heating and the RES based heating systems investigated,
additional renovation measures on the building envelope beyond the cost optimum make the
renovation significantly less cost-effective.

The hypothesis “Synergies are achieved when a switch to RES is combined with energy
efficiency measures.” is confirmed in Austria, Portugal and Spain. In Denmark this hypothesis
is disproved. The results showed that it is more cost efficient to use district heating or heat pump
and not carrying out further energy related renovation measures on the building envelope. In
Sweden the hypothesis can be partly confirmed for the insulation of the exterior wall in
combination with the change to district heating based on RES. The hypothesis however is
disproved for all remaining renovation measures in combination with district heating based on
RES and also for all combinations with a pellets heating system.

The hypothesis “To achieve high emission reductions, it is more cost effective to switch to
RES and carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.” is completely confirmed in Austria, Denmark and Sweden.
In Portugal and Spain limitations exist. The Spanish Case Study shows a confirmation for the
district heating system with 75% biomass and the biomass heating system, yet not for a heat
pump. In Portugal it is in general difficult to answer this hypothesis. In fact it cannot clearly be
answered. It is more likely to be confirmed but a hundred per cent confirmation is not possible.
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5.7.5. Comparison of the results with the generic parametric calculations1s

In all investigated generic buildings investigated there is a cost optimum, with lower costs than
those of an «anyway renovation». Costs are rising for measures going beyond the cost optimum,
but many or sometimes all of the measures considered in the assessment are still cost-effective,
i.e. lower than the cost of the anyway renovation.

With respect to the energy performance of energy related building renovation measures and the
balance between renewable energy deployment and energy efficiency measures, the five main
hypotheses have also been investigated. Within this context, some tentative conclusions are
made referring to renewable energy sources (RES) in general. However, it is important to note
that only specific RES systems were taken into account in the generic calculations. For example
the role of solar thermal or small wind turbines has not been investigated and not all types of
renewable energy systems were investigated for all reference buildings. In the case of the
countries Austria, Denmark, Spain and Sweden, geothermal heat pumps and wood pellet heating
systems have been investigated as RES systems; in the case of Portugal an air-water heat pump
and its combination with PV were investigated as RES systems. The related findings obtained
from the parametric calculations with the investigated generic buildings are summarized in the
following Table 19.

Table 19: Results for the investigated hypotheses for the generic multi-family buildings

The energy performance of the building

depends more on how many building

elements are renovated than on the v v v v X
energy efficiency level of individual

building elements.

A switch to RES reduces emissions more

significantly than energy efficiency v v v v v
measures on one or more envelope
elements.

A combination of energy efficiency

measures with RES measures does not

change significantly the cost optimal (‘/) (‘/) v v x
efficiency level.

Synergies are achieved when a switch to
RES is combined with energy efficiency v v v v v
measures.

To achieve high emission reductions, it is

more cost effective to switch to RES and

carry out less far-reaching renovations on v v v v v
the building envelope than to focus on

energy efficiency measures alone.

16 Taken from the report: ““Investigation based on calculations with generic buildings and case studies” (Bolliger and Ott, 2015)
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The comparison of the results of the Case Studies (Table 18) with the results of the generic
buildings (Table 19) shows good correlation.

Small deviations could be found:

in Austria for the hypothesis “A combination of energy efficiency measures with RES
measures does not change significantly the cost optimal efficiency level”

in Portugal for the hypotheses “The energy performance of the building depends
more on how many building elements are renovated than on the energy efficiency
level of individual building elements.” and “To achieve high emission reductions,
it is more cost effective to switch to RES and carry out less far-reaching
renovations on the building envelope than to focus on energy efficiency measures
alone.”

in Spain for the hypotheses “A switch to RES reduces emissions more significantly
than energy efficiency measures on one or more envelope elements.” and “To
achieve high emission reductions, it is more cost effective to switch to RES and
carry out less far-reaching renovations on the building envelope than to focus on
energy efficiency measures alone.”

in Sweden for the hypothesis “Synergies are achieved when a switch to RES is
combined with energy efficiency measures.”

In the mentioned cases the named hypotheses could be fully confirmed in the generic buildings
but only confirmed with limitations in the real Case Studies (exception: in Austria it’s vice versa).

For some hypotheses however, no correlation between the Case Studies and the generic
buildings is given:

in Denmark the hypothesis “Synergies are achieved when a switch to RES is
combined with energy efficiency measures.” was confirmed in the generic building but
not confirmed in the Case Study

in Spain the hypothesis “The energy performance of the building depends more on
how many building elements are renovated than on the energy efficiency level of
individual building elements.” was confirmed in the generic building but not in the Case
Study

in Sweden the hypothesis “A combination of energy efficiency measures with RES
measures does not change significantly the cost optimal efficiency level.” was partly
confirmed in the Case Study but not in the generic building.
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Besides the technical solutions, which are necessary to reach cost effective nearly zero energy
buildings after renovation, including high reductions of carbon emissions and total Primary
Energy, it is important to know the challenges that occur when trying to reach this goal and also
the measures that can be taken to overcome them.

Therefore participants from the six countries that have provided a Case Study have been asked
13 general questions to this topic, which were not directly related to the Case Studies. Beyond
these six countries, representatives from four more countries have been asked to extend the
survey and the results. This means representatives from following countries have been
interviewed: Austria, Denmark, Czech Republic, Portugal, Spain, Sweden, Finland, The
Netherlands, Norway and Switzerland.

The questions asked in the interviews were divided into four main categories:

* information issues (information asymmetry, information from Energy Declaration of
Buildings, lack of requirements, lack of knowledge, lack of examples,...)

* technical issues (lack of well proven systems, total solutions and information)

* ownership issues (structure of ownership, rent increase, running costs vs. investment
costs)

* economic issues (lack economic knowledge, uncertainties about saving potentials, high
investment costs, lack of economic incentives)

Each partner was asked to answer questions to above-named issues with yes (Y), if the barrier
is relevant in their country, or with no (N), if there is no relevance of the barrier in the specific
country.

The investigated questions in each of these four categories and the evaluation results to each of
the categories and questions are presented below.
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A) Information Issues:
* Information asymmetry — differing opinions expressed by professionals
* Incomplete information from the Energy Declaration of Buildings
* Lack of clear requirements
* Lack of knowledge about possibilities, potential benefits and added values
* Lack of examples and inspiration

Table 20: Evaluation results of the INFORMATION issues in the 13 countries

Total Total
A) Information issues AT CZ DK PT ES SE CH FI NE

yes no

Information asymmetry - differing
(JINI{ N ERICICELECROEI T GEIERNE Y ¥ Y Y Y Y Y Y Y Y 10 0

this a relevant barrier in your country?

Incomplete information from the Energy
Declaration of Buildings - Is this a relevant 'R AU AR AR AR AN N N Y 7 2

barrier in your country?

Lack of clear requirements — is that a

relevant barrier?

Lack of knowledge about possibilities,

potential benefits and added values

Lack of examples and inspiration Y Y Y Y Y Y Y N Y Y 9 1

The results show that all ten countries have experienced differing opinions given by professionals,
for instance dealing with extra insulation. This information asymmetry between investors and
professionals often leads to suboptimal solutions, especially if the professional person is a
craftsman without a general approach and corresponding know-how regarding building
renovation.

7 of the countries have answered that inadequate information from the Energy Declaration of
Buildings is a barrier, often the buildings don’t even have an Energy Declaration at all.

7 of the countries consider the lack of requirements as a barrier, whereas 2 countries do not
consider it as a barrier (Denmark has answered as well yes as no). In Portugal for example, there
are no requirements imposed to the building if the total value of the renovation works is less than
25% of the value of the building. If it exceeds this value, compliance with rules for new buildings
is needed. There is no strong control over this frontier. In Spain, the situation is also quite similar.
When the use of the building changes or 25% of the envelope is modified the building has to
comply with some limits in energy demand; in other cases, only the components that are modified
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have to comply with the requisites for new buildings. And there are always some criteria that avoid
implementing the rules.

7 countries consider the lack of knowledge about possibilities, potential benefits and added values
as a barrier, whereas 2 countries do not consider it a problem (Denmark has answered as well
as yes as no). In Norway for example, the public building owner wants to realize a renovation
project on passive house level but does not know that he has to find qualified planners. The
planners are chosen based on a competition on price and availability. Special qualifications are
not demanded.

The lack of examples and inspiration is relevant in all countries except for Finland. This means
that very often good examples of advanced building renovations do not exist, and if they exist
they are often not fully and impartially evaluated.

B) Technical Issues:

* Lack of well proven systems, total solutions & information about these

Table 21: Evaluation results of the TECHNICAL issues in the 13 countries

Total Total

no

B) Technical issues AT CZ DK PT ES SE CH FI NE NO

Lack of well proven systems, total

solutions & information about these

The lack of well proven systems, total solutions and information about these is relevant for 70%
of the countries.

In Portugal for example, systems and solutions to renovate Portuguese buildings to high energy
performance are known and available, but they aren’t generally used in integrated solutions. In
Austria and the Czech Republic the missing or inadequate national climatic data and the lack of
independent technical and pricing control of project for public building are the biggest obstacles
in this point.

In Switzerland there are quite many well established solutions for building renovations available.
The problem is much more lacking overall analyses and strategic planning of renovation activities
for the next 10-20 years, slow know-how diffusion into the renovation practice and craftsmen who
favor traditional solutions.
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C) Ownership Issues:
» The structure of ownership, (private, public, owner, tenants)

* Building owners not allowed to increase rent to pay for energy renovation investments
(building owners pay, tenants benefits)

* Running costs and investment costs are two different “boxes”

Table 22: Evaluation results of the OWNERSHIP issues in the 13 countries

Total Total
C) Ownership issues AT CZ DK PT ES SE CH
no
The structure of ownership, (private,

public, owner, tenants)

Building owners not allowed to increase
rent to pay for energy renovation
investments (building owners pay, tenants

benefits)

Running costs and investment costs are

two different “boxes”

Eight countries consider ownership issues a problem, one does not and one has neither answered
yes nor no. The owner/tenant problem, for example, is very relevant in Switzerland with >60%
tenants and with a tenancy law which is basically cost based and requires in the case of
renovation that only the share of renovation costs which improves the basic quality of the building
may give reasons for an increase of rents. A further problem in Switzerland is the age of the
private owners of tenements. About 60% of private owners of tenements are older than 60 years,
potentially risk averse and less inclined to large investments.

On the other hand in half of the countries it is a problem that building owners are not allowed to
increase rent to pay for energy renovation investments. In Sweden for example, a rent increase
in an apartment building usually has to be negotiated with the Swedish Union of Tenants and
usually the rent cannot be increased as a result of energy efficiency measures only.

In 8 out of 10 countries it is a problem that running costs and investment costs are two different
“boxes”.
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D) Economic Issues:
* Lack of economic knowledge
* Uncertainty about the savings and calculations of saving potential
* Investment costs too high

* Lack of economic incentives or uncertainty about the incentives

Table 23: Evaluation results of the ECONOMIC issues in the 13 countries

Total Total
D) Economic issues AT CZ DK PT ES SE

Lack of economic knowledge

Uncertainty about the savings and

calculations of saving potential

Investment costs too high

Lack of economic incentives or

uncertainty about the incentives

The lack of economic knowledge is a barrier in 90% of the countries. In Norway, for example, the
economic knowledge would have to be integrated with building knowledge and used in a more
holistic way. In Sweden, there is partly lacking know-how. Even professional investors calculate
with a surprisingly short payback period. One reason is lacking know-how of renovation measures
and performance of renovation measures. A second reason is the attempt to reduce risks because
of risk aversion or because of the difficulty to predict longer future time periods. This would
typically be necessary for renovation investments having life cycles of 15-40 years.

The uncertainty about the savings and calculations of savings potentials is also a barrier in 7 of
the 10 countries as well as the too high investment costs which are a barrier in 80% of the
countries. In Norway for example, the investment costs are high with relative low energy prices.
Also the planning costs and the maintenance costs for building equipment are high.

The lack of economic incentives or uncertainty about the initiatives is a barrier in 9 countries. Only
Finland does not consider this as a problem, in Switzerland on the other hand this is a severe
problem.

107



Conclusions

The evaluation of the barriers to reach nearly zero energy buildings can be summarized as, in
average 7 out of 10 of the countries consider the mentioned barriers as relevant.

One barrier is relevant for all countries, which is the information asymmetry of differing opinions
expressed by professionals.

In 9 out of ten countries it was considered to be a barrier that there is a:

e Lack of examples and inspiration
* Lack of economic incentives or uncertainty about the incentives

* Lack of economic knowledge

In 7-8 countries the following were considered to be barriers:
* Incomplete information from the Energy Performance Certificate of Buildings
* Lack of knowledge about possibilities, potential benefits and added values
* Lack of well proven systems, total solutions and information about these
* Lack of clear requirements
* The structure of ownership (private, public, owner, tenant)
* Running costs and investment costs are two different “boxes”
* Investment costs too high

* Uncertainty about the savings and calculations of saving potential

In 5-6 countries the following was considered to be a barrier:

* Building owners are not allowed to increase rent to pay for energy renovation investments
(i.e. the building owner pays for the tenant’s benefits)
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The investigations of the six Case Studies and the interviews in ten European countries allow
making recommendations for cost effective renovations towards nearly zero energy and
emissions in future. In the next paragraphs these recommendations are presented corresponding
to their sources (parametrical analyses of LCC and LCA, co-benefits analyses and interviews):

Parametric calculations

A switch to renewable energy sources reduces the carbon emissions more significantly than
energy efficiency measures on one or more envelope elements. When the goal is to achieve high
carbon emissions reductions, it is more cost effective to switch to renewable energy sources and
carry out less far-reaching renovations on the building envelope than to focus on energy efficiency
measures alone.

Synergies can be achieved when a switch to renewable energy sources is combined with energy
saving measures on the building envelope.

In general, the combination of energy efficiency measures on the building envelope with
measures for the use of renewable energy sources does not significantly change the cost optimal
efficiency level.

Whether or not the number of building elements renovated is more important for the energy
performance of the building than the efficiency level (insulation thickness) of each particular
element has to be checked individually. For some buildings this might be the case, for others
however not. This can depend on national standards, prices, weather conditions and other factors.

Energy efficiency measures, when compared with measures associated with the use of renewable
energy sources, are the main source of co-benefits at building level.

To maximize the co-benefits associated with energy related building renovation, it is more
effective to improve the performance of all the elements of the building envelope than to
significantly improve the performance of just one element.

Depending on the original condition of the building, improving the performance of all the elements
of the building envelope usually means going beyond cost optimality, but it is still cost-effective
when compared to the “anyway renovation”, i.e. a renovation scenario where energy performance
is not improved.

The calculation results within the Case Studies have shown that high carbon emissions and
Primary Energy reductions are possible, where the corresponding renovation packages are also
cost effective, which means that the Life Cycle Costs of the renovation packages are lower than
the Life Cycle Costs of the reference case.

However, results have also shown that not all investigated renovation measures bring a reduction
of carbon emissions, primary energy and/or Life Cycle Costs. Moreover higher values, compared
to the reference case, were calculated in some Case Studies. Therefore a detailed look at different
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possible renovation measures, including the calculation of the Life Cycle Costs and the Life Cycle
Assessment are necessary.

It also has to be mentioned that the assumptions made in the Life Cycle Cost calculation and the
Life Cycle Assessment are very important and can influence the results a lot. Therefore these
assumptions have to be well-considered and if possible a sensitivity analysis of the most important
parameters should be carried out. It is advisable to consult an expert with profound knowledge in
the field of Life Cycle Cost calculations and Life Cycle Assessments.

Interviews

Missing good examples for successful renovations are often the biggest barriers for renovations
towards nearly zero energy and emissions. The investigated Case Studies are such good
examples, but more are needed. This means that national initiatives have to be launched to
promote these kinds of building renovations. One of these initiatives could be the financial support
or funding programs via direct funding or via research projects. Research projects would bring
the additional benefit that new, innovative measures could be tested and evaluated, which in turn
would increase the technical knowledge of the building professionals and also of the building
owners.

Such a campaign could also counter the lack of economic incentives or uncertainty about the
incentives. This means that by launching economic incentives building owners will receive support
in financing nearly zero energy and emissions buildings. This will give building professionals the
opportunity to realize good building renovations without constantly having the investment costs in
mind.

A further important step towards cost effective building renovations is the consideration of the
whole building life cycle. That means the Life Cycle Costs of the renovation packages should be
regarded over the life cycle of the building and the building element. The investment costs should
not be taken as main decision criterion.

If the building owner is faced with the problem of not being allowed to increase the rent to pay for
energy renovation measures, it is advisable to go for the cost optimal renovation.

Co-benefits

It is important to look at the carbon emissions and/or Primary Energy of different possible
renovation measures over the whole building life cycle. The investigations should include different
scenarios, to find the scope of cost effective renovation packages of measures. Within the scope
of cost effective renovation scenarios, costs and co-benefits should be considered to find the
solution that adds more value to the renovated building. All investigated renovation measures and
packages should be compared to a reference situation, where only measures are included that
have to be carried out anyway (“anyway renovation”).
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Demonstration project
Ka pfe n be rg Owner: ennstal SG

Architect: Nussmiiller
Architekten ZT GmbH

A renovation tO “plus energy Energy concept: AEE INTEC
standard” Report: AEE INTEC

Location: Kapfenberg, AT

Date: November 2014

Key technologies

Prefabricated active and
passive facade elements

+ Prefabricated elements for
the building services
Renewable energy
production on-site via
photovoltaic and solar
thermal panels
Using existing heat and
electricity grids to achieve
plus-energy

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

The analyzed 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 six apartments were
located which varied from 20 to
65 m2 living space. These
apartments didn’t meet the
current way of living because
they were too small. For this
reason not all flats were rented.

The existing building was a
typical building from the 1960’s
made of prefabricated sandwich
concrete elements without an
additional insulation.

The basement ceiling was
insulated with approx. 60 mm
polystyrene. The old roof was a
pitched roof with no insulation.
The ceiling to the unheated attic
was insulated with 50 mm wood
wool panels.

The existing windows were
double glazed windows with an
U-value of 2.5 W/m?K.

In the existing building a variety
of different heating systems was
installed: a central gas heating,
electric furnaces, electric night

Figure 1: View of
building (west elevation)

the existing

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.

Grundriss EG

T
[ 1]

SR S 15 el e S

Grundriss 0G

Figure 2: Typical floor plan of the residential building
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Project data of building before
renovation

Altitude 502 m
Heating degree days 3794 Kd
Cooling degree days -Kd
Year of construction 1960- 1961
Gross heated floor area 2845 m?

Specific heating energy need excl. hot
water 105,5 kWh/(mZa)

Specific cooling energy need
0 kWh/(m?-a)

Specific hot water energy need
12,78 KWh/(m?*a)

Type of energy carrier for heating
mixed (gas, oil, wood,...)

Type of energy carrier for
hot water mixed

Specific heating energy consumption
(excl. hot water) 150,97 kWh/(m?a)

Specific hot water energy consumption
16,83 kWh/(m?a)
Installed heating capacity 136 kW
Specific electricity consumption (excl.
hot water and heating)
27,69 kWh/(m?-a)

Energy costs 28851 €/a
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Renovation concept

Design data for renovated
building

Year of renovabion 2012- 2014

Gross hegted oor area 2845 m7

Spealic heatng enengy need exdd hot
waer 16,90 kWhi{ria)

Speaific cooling energy need
O KW )

Spedific hot water energy need
12,78 Ko 8)
Type of energy cammer for
Peating and hot water
dstnct heating, solaf thermal

Specific heatng enengy consumption
fexcl hot water) 10 be measured

Speafic hot water enengy consumgton
10 be measured

Installed heating capacty B3 KW

Speafic elecinoty need (exc! hot water

and heatrg)

16, 43 Kl &)
Energy costs 14810€/
Other acdtoral costs

BE

TIEETTE
5. ARASE LE

EBC &)

Cim atnany vevgy ol o e crnn
ORIt 6 Wkl o

The specific
cbjectives were:
Reaszation of the developed
active and passive fagade
modules and of the modules for
the buiiding services.
Optimization of the building
through an imnovative energy
supply and disposal concept:
80% reduction of the energy
demand of the existing buiding

80% reduction of the CO2
emissions of the existing building

80% use of renewable energy
(vased on the total energy
consumption of the renovated
building)

Optimzation of the energy
concept by using the existing
heat and eclectricty grids to
achieve plus-energy.

Changing the layout of the
apartments {o adapt them to the
requirements and needs of the
future residents.

Raising awarcness of the
residents and the property
management for sustainable
energy efficient usage of the
apartments.

renavation

!
i

-— -—

L LT

MM L AT

Figure & Floor plan changes of renovaled buiding

Annex 56
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Renovation design details

Facade Solutions

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

Similar fagade elements were
developed and lested in previous
projects. For this demonstration
building the developed fagade
comprise

« aliow more prefabrication,

* There should be less effort at
the buikding site.

+ The buiding services shoulkd
be visible and also ecasy
accessible (for service an
maintenance)

With these face eclements it
shouki be possible to reach an
energy reduction and a reduction
of the CO2 emissions of 80%, as
defined in the renovation
objectives.

The idea was also to create a
prefabricated fagade element
which allows the use of different
surfaces with the same
substructure

Fgue &
prefabneated fagade modules

assembing of the

The surface materials can vary
between e.g. wood, stone or fiber
cement boards. Also  active
components like solar thermal or
photovoltaic panels can be
integrated in the fagade clement

The supply and disposal lines
are also integrated in the building
envelope (in separate elements)
This enables an  easier
nstaliabon as well as the
possibility to access the supply
and disposal lines from the
outsde without the disturbance
of the residents.

These separate elements are
also prefabricated and the
building owner has the possibility
to decide which ducts should be
nciuded (heating, domestic hot
water, ventilation, electncity,

waste water etc.)

EBC &)

i a Bty vwngy ol o b crnm
U 0 Wkl o L

Figue 9 buiding services In a
prefabricaled  equpment n  Me

Annex 56

G-

Figure 10 PFrofabricaled fagade
clements weh infegrated actve
enargy  produchion  (pholovoledc
and solar thevmal panels)
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Roof solution

The existing old pitched roof was
removed and a new flat roof was
installed.

The old roof has to be removed
because of two main reasons:
first of all was the old truss not
able to carry the charges of the
photovoltaic power plant,
secondly the orientation of the
old pitched roof was not ideal for
the active energy production.

The new flat roof is highly
insulated with approximately 35-
40 cm.

On the new roof the photovoltaic
panels were installed and it now
accommodates also the
mechanical ventilation units.

Fgum 11 renovaled st roolf
with scafokd for the mounting of
the pholovellarc panels

Ground floor solution

Due to the low celling height no
more than 6 cm insulation was
possible even though a higher
insulation would have been
desirable for energetically
reasons.

The existing building has already
been insulated with
6 cm insulation. This thermal
insulation was renewed during
the renovation but the energy
performance of this component
was not improved.

The u-value of the ground floor
therefore is still 0.38 W/m K.

Figure 12 construchion detan of the
celiur cailing and the exlerior wall

Figure 13 rendanng with rencvation concept for the roof (soker paneis)

i atomvny vy wnl o bam vanm
At 6 Py W

Window solution

The old exmsting windows are
replaced by new triple glazed
windows with following
characteristic values:

Ugiass = 0,70 W/m2K
Ugame = 1,17 W/m2K
Uindow = 0,97 W/m2K
g-value = 0,60

The new windows are already
integrated in the prefabricated
fagade modules and are of high
thermal quality.

An external shading device is
also installed and already
integrated in the fagade module
too. This external shading
device helps to reduce the solar
pgains and therefore to avoid
overheating of the rooms in the
warm periods of the year

The integration of the external
shading device in the
prefabricated fagade element
had to be as thermal bridge-
free as possible. So this point
had to be considered in the

I
!
|
|
U
Figure 14 consiruction delad of the
window el shaavg device
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Heating

The basic heat supply of the
renovated buikiing s
accomplished by the local district
heating.

The district heating grid of the
city of Kapfenberg is largely
supplied with waste heat (heat
losses) of the local steel
manufacturer (Bohler-
Uddeholm)

Additionally to the district heating
a solar thermal system with a
collector surface of
144 m? is installed. For this
purpose a scaffold on the south
fagade was mounted to Increase
the area for the solar thermal
panels and also to optimze the
inclination of those (inclination of
the solar thermal panels = 72° ).

An annual heat production from
the solar thermal system of 395
MWh'a was calculated.

e m—

Figure 15 Solar theymal and pv
pancis on ihe south Bacade

Both, district heating and solar
thermal system, store the
produced heat in a 7500 liter
buffer storage which is located
right below the solar thermal
panels.

From the buffer storage a 2-pipe-
system (flow and retum)

EBC &8

trewg = Babngs vt
e a g -

CmesFoting Ounyy ! calue ormman
Bl e e

trings 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.

Domestic hot water

The boder for the domestic hot
water has a storage volume of
120 liter and gets supplied with
the necessary heat from the
buffer storage via the 2-pipe-
system. Every apartment is
equipped with cne boiler.

The small boiler is loaded twice a
day from 06:00 am. to 07:00
am, and from 0700 pm. to
08:00 p.m.

In this way the temperatures and
therefore the heat losses of the
2-pipe-system can be reduced
because of the lower flow
temperature of the heating
system compared to the flow
temperature for the domestic hot

Figuee 16 Plumbing and heating schome
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Ventilation

A new mechanical vertilation
sysiem with heat recovery is
installed (heat recover efficiency
=65% [ SFP= 0.45 Wh/m"),

The ventilation unt is positioned
on the flat roof and the existing
shafts of the building are used for
the ventiation ducts.

An additional benefit of using
these existing shafts are the
short vertilation ducts which
result thereof.

In one half of the fiats the
ventilation system is controlled
automaticaly based on the CO,
concentration, in the other half of
the flats the residents can control

Fpure 17. view inlo the mechancal
veniiadon un

Photovoltaic

Phaotovoltaic panels with a size of
550 m? (80 kWp) are installed on
the roof on an extra mounted
scaffold which has the form of a

wing

the ventilation system by a three- Additonally 80 m? (12 KWp)

stage switch individually. photovoltaic panels are installed
on the south facade next to the
solar thermal panels.

SN

EBC ¢8)
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total, the calculated annual
energy production of the 630 m*

(52 kWp) photovoltaic panels 18
about 80 MWhia

Figure 18 mouniing o! the
photovolaic panels on the roof

Cooling

A cooling system I8 not
necessary in this region and
therefore not considered.

Residential bulldings in Austria in
general should be designed in a
vay that no active cocling is
required.

Annex 56
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Integrated Building Performance

Ecological/Environmental
sustainabliity

The environmental impacts of the
different materials of the
prefabricated module  were
calculated and the parameters
“Total Primary Energy (CED)” in

MJ/m2a, the “Non-renewable
Primary Energy (NRE)" in
MJ/m?a and the “Global Warming
Potential (GWP)” in

kgCO,gq/m?a were analysed.
The result of this analysis is
shown in Figure 20.

The wood-metal frame of the
windows which are already
integrated in the prefabricated
fagade modules has the biggest
influence on the environment. In
all three parameters this window
frame has the largest share
among all.

Other  important  influencing
materials are the 3-layer timber
board (CED), the expanses
polystyrene (NRE), the Rockwool
(NRE) and the Fibre-cement slab
(GWP).

Improvements of the total
ervironmental impact would be
most likely possible moddfying
these matenals

Economical sustainability

A first assessment of LCC
showed that the costs of the
facade modules over the life
cycle in comparison to thermal
insulation composite systems are
significantly  higher. With a
sensitivity analyses it was tried to
analyse  the effects and
interactions of the chosen
systems variables on the LCC
over the period under
consideration.

Five scenarios have been
evaluated and following aspects
have been modified:

* increase of energy prices
* power of the PV module

* decrease of construction

costs

* combination of the mentioned
aspects

Figure 20° envircnmental impact of the dfigrent malenials of the prefabricaled

—
PR
[r— R
— S—
fagade module
8

EBC ¢8)
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Soclocultural sustain-ability

- Thermal comfort in winter and
summer: higher supply air
temperatures due to the
mech. ventilation system; high
surface temperatures
because of low u-values of
the roof, fagade and windows

- Indoor hygiene: CO,
concentration is kept low,
mech. ventilation system
ensures the required air
change rate
— improved indoor climate

- acoustical comfort: new and
better windows result in a
better sound insulation to the
outside
— noise sensitivity within the
building changes

- Visual improvements: new
technologies and materials
are used
— residents feel certain pride

- Barrier-free access to the
building is now possible due
to the elevator and the
pergola

Efficient usage of the existing
arca: e g. ducts of the building
services installed in the
fagace

+ Creales more space nside

EcologicaVEnvironmental
Sustainability

Gloval Warming Polental
kg CO; 884]

Total Primary Erengy
[M¥ma]
4223

Non renewable Energy
[M¥m*a]
21
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Integrated Building Performance - Construction sustainability

Construction process

Because of detachable joining
technologies the facade
elements are easy to remove
both for maintenance and
demolition. Some floor
constructions show inseparable
connections because of the
occurrence of certain
components. As example the
floor screed and the glued
hardwood floor can be
mentioned. Because of the
indissoluble joining technique a
dismantling of the hardwood floor
I8 not possible without destroying
the device layer beneath.

These aspects reflect discredit
on the technical sustainabilty
regarding separabliity between
elements.

Bullding material

Regarding the basic requirement
7 of the Construction Products
Regulation which became
effective on July 1, 2013 the
basic fagade element and the
exterior wall are analysed due to
their recyclability. Every single
device layer was evaluated to its
possibility to be returned to the
cycle of material.

The construction for the fagade
elements is primarily made of
wood, mineral wool acts as
insulation in between, Both can
be recycled, the wood probably
even reused, I the separation
was varictal, The sealing
(including wind secaling) are PE-
foils and thermally recyclable just
as the OSB boards. The fibre
cement boards can be seen as a
weak point, because thewr
recyclability is not state of

recyclability basic facade module and
exterior wall

= reusable

= recyclable

# thermailly recyclable
= sutable for landfiling

Figure 21. recyciobaily of davice lyers in the basic lagade module and wall

14
o L8

FBO2 Zwischendechs

Figure 22° detail celing

the art at the moment. All the
cther matenals, such as the
concrete, the interior and
exterior plaster can be recycled
as well. The plasterboards can
be seen as weak point because it
has to be landfilled.

All of these assumptions are
based on a variety separation of
the individual component layers.

Special aspects of
sustainability in the
construction

The replacement of more short-
Iving component layers without
destroying the more long-living
components is an aspect that
has to be considered. During the
construction or renovation phase
it I8 possible to  integrate
predetermined breaking points.

The construction facade shows a
special aspect of sustainability
regarding separabity and
dismanting. The new insulation
clements were fixed on the
existing bulding where the old
exterior plaster hasnt been
removed. This plaster can now
be seen as a predetermined
breaking poimt between the wall
and the insulation While
removing the insulation the wall
cannot be destroyed because the
exterior plaster acts as a
protective layer.
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Performance Data

Monitoring system

The monitonng system at the

Austrian demonstration project in

Kapfenberg includes following

parameters:

* Total energy consumption of
the building (heat and
electricity)

* Delivered energy from the
district heating

* Delivered energy from the
solar thermal system

* Detalled monitoring of the
system statuses of the
heating and mechanical
ventilation system:

o Temperatures of the
solar thermal system

o Heat storage
temperatures
o Temperature, humidity

and CO, concentration of
the exhaust air and the
supply air
o Air velocity of the
exhaust air and the
supply air
« Comfort parameters. room as
{emperature, relative humidity
and CO, concentration in the
aparnments

The display of the clectrical
energy consumption is separated
into following areas:
* Total clectricty consumption
* Separated monitoring of:
Mechanical  ventilation
system
Heat pump
Building services
Common areas (eg
lighting)
Elevator
> Domestic electricity
* Energy production by PV-
modules
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Figure 24: Moasuring sysiem al $he residential buliding in Kaplanbery

In one apartment detailed
measurements of the domestic
electricity  consumption are
carried out to analyze the
potentials for savings in this
area. Thereby the electricity
consumption of the lighting in the
living room/bedroom, the sector
EDP/consumer electronics, the
electricity consumption of the
washing machine and the
electricity consumption in the
kitchen, such as dishwasher
(white goods), are monitored
scparately,

Addtionally climate data ke
global radiabion, ambient
temperature and ambient
humidity are also measured.
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Figure 25 Meoasured thermal energy consumpbon for heating and domestio hot

waler prepaaion

Energy consumption

The detailed monitoring of the
building was started in
September 2013.

Figure 25 shows the measured
thermal energy consumption for
heating and domestic hot water
preparation.

The analysis of the results
shows i.a. that the average
thermal energy consumption for
domestic hot water in Dec. and
Jan. is nearly as high as the
thermal energy consumption for
heating. The domestic hot water
preparation s therefore an
energy consumer which can’t
be neglected in high
performance buildings.

Annex 56
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Improvements & Co-benefits

Besides the reduction of the
energy demand and the CO2
emissions, the renovation of the
building implicates further
improvements and co-benefits:

* The renovation of the building
increases the pride/prestige
and the reputation of the
building and of the residents
by integrating all renovation
measures in an overall
architectural design process.

* The thermal insulation of the
building envelope and the
new windows with an external
shading device bring foliowing
benefits:

* Higher inner-surface
temperatures in wanter are
possible which increase
the thermal lving comfort
for the residents.

« The new and aktight
windows improve the
thermal comfort on the
one hand and the noise
protection to the outside
on the other hand.

* Reduced solar inputs the
warm periods of the year
as a result of the
installation of an external
shading device increase
also the living comfort in
the apartments.

The installation of the

mechanical ventilation system

with heat recovery (MVHR)

brings following improve-

ments and benefits:

« The heat recovery
reduces the infitration

heat losses and therefore
the energy demand of the
building
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* Improvemert of the air
quality by a reduction of
the CO,-concentration in
the apartments

* Reduction of the humidity
in the rooms and therefore
the MVHR system reduces
the condensation and
mold formation

The renewal of the heating
system and of the hot water
preparation results in
following improvements:

* Improved operational
comfort by centralized and
automatically  controlied

* Reduction of the CO,-
emissions and of the
primary energy demand by
using district  heating
(largely supplied with
waste heat) and heat from
the solar thermal system

The  renewable energy

generation on-site reduces

the exposure to energy price
fluctuations.

The new constructed

balconies have following

advantages:

+ Contribution ] the
improvement of the
reputation of the buikiing
by integration in the
overall architectural design
of the renovation

* New functional area for
the residents is avallable.

* Improved thermal quality
of the building envelope by
reducing the thermal
bridges of the balcony
consliruction

A bamer-free access to the
buildng is possible after the
renovation by the installation
of an elevator and an arcade

Annex 56
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Methodology

In the frame of the Detalled Case
Studies three differert renovation
packages are described,
analyzed and assessed. Those
three renovation packages range
from the minimum required
renovation measures to the high
thermal insulation of the building
envelope right up to the high
performance renovation of the
building, including renewable
energy production on-site.

Renovation package 1

The objective of renovation
package 1 is to fulfill only the
minimum requirements of the
Austrian OIB guideline 6 .

This minimum requirements
concern the u-values of the
components, the heating energy
demand and the final energy
demand.

In this renovation package 1
neither a mechanical ventilation
nor a solar thermal system nor a
photovoltaic system are
included. Renovation measures
include the thermal insulation of
the roof and the fagade, the
mounting of new windows with

an extenal shading system and
the renewal of the heating and
domestic hot water system to a
centralized supply by the district
heating.

Renovation package 2

In renovation package 2 the
building has the same u-values
as the real renovated building in
renovation package 3.

The difference between those
renovation packages is that in
renovation package 2 the u-
values are achieved by a
conventional composite heat
insulation system instead of a
prefabricated fagade system.

Additionally in renovation
package 2 no mechanical
ventilation system is installed.
Furthermore no solar thermal
system and no photovoltaic
system are included. This means
that renovation package 2 does
not have active energy
production  from  renewable
energy sources on-site.

As in renovation package 1 the
renovation  measures  only
include the thermal insulation of
the roof and the fagade, new
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windows with an external
shading system and the renewal
of the heating and domestic hot
water system.

Renovation package 3

Renovation package 3
represents the actually executed
renovation of the demonstration

building and hence the
mentioned high performance
renovation with renewable

energy production on-site.

The executed renovation of the
building includes the thermal
insulation of the fagade by
prefabricated wood modules, the
thermal insulation of the roof, the
mounting of new triple-glazed

windows (with an external
shading device) which are
already integrated in the

prefabricated fagade modules,
the installation of a new
mechanical ventilation system
with heat recovery, the renewal
of the heating and domestic hot
water system as well as the
installation of a solar thermal
system for the heating and
domestic hot water preparation
and a photovoitaic system for the
electricity production on-site

Annex 56
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Comparison of renovation measures
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Comparison of renovation measures - LCC
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Description and analysis of the LCC results

The reference case shows the lowest investment costs, with a value of about 80 €/m?2. This is due to the fact that no
renovation measures regarding the building envelope are included and only the existing heating system has been
replaced by a new centralized oil heating system.

The total investment costs of renovation package v1 are about 150 €/m2. The results show that the influence of the
energy source for heating and domestic hot water is very small.

The results of renovation package v2 show that the additional insulation of the building envelope (compared to
renovation package v1) only increases the investment costs slightly, the additional mechanical venrtilation system
however almost doubles the investment costs for the BITS.

Renovation package v3 achieves the highest investment costs for the building envelope due to the new developed
prefabricated fagade elements but also the highest investment costs for BITS due to the mechanical ventilation
system and the energy generation on-site (solar thermal and photovoltaic installation).

Looking at the annual costs it“s obvious that the reference case achieves the lowest capital costs, low maintenance
costs but by far the highest costs due to the energy consumption of the building.

The total annual costs of renovation packages v1 and v2 are quite similar. It becomes apparent that the influence of
the energy supply for heating and domestic hot water is higher than the thermal quality of the building envelope.
Renovation package v2 shows higher maintenance costs compared to renovation package v1 but in relation to the
capital costs and the costs due to the energy consumption of the building these costs are almost negligible.

Renovation package v3 has the highest investment costs due to the implemented innovations and also the highest

annual costs. These high annual costs are a result of high capital costs of the prefabricated fagade system, the
energy generation on-site and also the heating system (solar thermal system).

14
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Description and analysis of the LCIA results

Looking at the results it is obvious that the reference case has the highest Global Warming Potential with a value of
about 48 kgCO,-Eq/m?a. All defined renovation packages achieve an improvement. Considering the costs all
renovation packages, except the renovation package V3, are cost efficient, which means that the yearly specific
(life cycle) costs are lower than the (life cycle) costs of the reference case.

In detail four different scenarios achieve similar good results. Renovation packages v1 and v2 with heating and
domestic hot water supply based on wood pellets and district heating achieve a GWP of about 11-13 kgCO,-
Eg/m2a. The cost optimum renovation would be renovation package v2 with a wood pellets based heating and
domestic hot water supply.

The Global Warming Potential of renovation package v3 is significantly lower than of all the other renovation
packages with a value of about 8 kgCO,-Eg/m?a.

The detailed analysis of the calculation results shows that the total Primary Energy Demand of the reference case
is the highest with a value of about 300 KWWh/mZa. The PED of the renovation packages v1 and v2 ranges between
220 kWh/m2a and 270 kWWh/m2a. The best result regarding the PED is achieved by renovation package v3. The
Primary Energy Demand of the realized renovation is about 100 kWh/mZ2a. This is a reduction compared to the
reference case of nearly 70% and compared to the other renovation packages of about 55-65%.

Considering only the non renewable part of the Primary Energy Demand leads to quite similar results as it is
observable at the Global Waming Potential. The reference case has the highest value, the renovation package v3
achieves the best result and the renewable (biomass and district heating) based variants of renovation packages
v1 and v2 achieve better results than those renovation packages where the heating and domestic hot water supply
is based on fossil fuels (oil and natural gas). The values range between about 240 kWWh/m?2a (reference case) and
about 38 kWh/m?2a (renovation package v3), which is reduction of nearly 85%.
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Summary and conclusion

Before the renovation the
building was exemplary for the
residential  buildings of the
1960"s: high energy
consumption and therefore also
high energy costs as well as low
thermal comfort characterized
the existing building.

Additionally the apartments were
too small for today’s
requirements and needs, the
access to the building was not
barrier-free possible and the
building was in general run down.

A high performance renovation of
the building, including the
improvement of the energy
efficiency, the change of the
design and the adaption to the
modern way of living was
absolutely necessary.

Furthermore a plus-energy
building, which produces more
energy than it needs in the same
period, should be achieved by
integrating solar themal and
photovoltaic systems in the
energy renovation concept.

Even though there are no
complete monitorng results to
prove the targeted pius energy
goal, the realized renovation of
the building definitely was a
success.

The renavation concept, included
prefabricated facade dclements,
new windows, a new roof, new
building services (centralized
heating, domestic hot water
preparation and mechanical
ventilation with heat recovery)
and renewable energy
production on-site (solar thermal
and photovoltaic).

Especially the renovation of the
building with prefabricated
facade elements was certainly
the right decision. In this way the
construction time at the
construction site could be
reduced and the renovation
works could be accomplished
independently of the weather
conditions.

The first feedback of the tenants
was also quite good: The
expectations of the tenants to the
retrofit were generally answered.
The tenants were satisfied with
the housing association and the
different companies which
carried out the renovation.

The tenanis were pleased with
the information they received
regarding the mechanical
ventilation system and the
heating and domestic hot water

preparation

EBC &)

Practical experience

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

Additionally, the renovation
works inside the building such as
the change of the layout made a
resettiement of the residents
necessary. Due to the fact that
no apartments were available in
Kapfenberg at this time, the
renovation of the building in two
construction phases was the only
possibility to guarantee the
residents an apartment during
the renovation period. (This was
only possible because not all
apartments of the existing
building were rented at that
time.)

References
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Elementary School Kaminky 5,

Brno Owner: Statutory city of Bmo

Architect: MENHIR projekt
S.I.o.

Energy concept: Borough
Office Brno - Novy Liskovec
and MENHIR project s.r.o.

Report: BUT - Faculty of Civil
Engineering and Borough
Office Brno — Novy
Liskovec

Location: Brno, CZE

Date: November 2014

Key technologies
+ ETICS

« District heating
« Photovoltaics

Viow of existng (smadl piciure) and the renovaded balcing (e pturn)
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Background

Figure 1. School's man biock viewed from e street. [1]
granules (and Ti-Zn flashing)
were used as a covering and
waterproofing layer of the roof.

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

The maximum capacity of the
school is approx. 380 students
and 44 staff members. Net
heated area of school buildings
is 7296 m?

Superstructure of the bulldings Is
made of prefabricated reinforced
concrete frame MS-OB with
basic length medule 6.0 m. Walls
are made mostly of 300 mm thick
ceramic panels. Part of the walls
is buit using aerated concrete
blocks. Mean average U-value of

WimK. All
buildings have Nat
roof

Superstructure  of
the roof is made of
timber and steel
trusses and
reinforced

concreie  pancls
The roof was
insulated by S0
mmof EPS on a

sloping layer of
gravel. Bituminous
sheels with
mineral granules

U-value of the roof before
renovation was 0.66 W/m2K.

Doors and windows were
wooden, steel or aluminum,
using single or double glazing.
Mean average U-value of walls
before renovation was 2.35
W/m2K.

Main goals of the renovation
during 2009 and 2010 were
increasing the quality of the
Indoor ervironment (and
adaptation 1o modern
requirements and  teaching
methods), and reducing the
overall energy consumption of
the school by renovating the
school according 1o low-energy
standards.

Gymnasium

Cafeteria .

Figure 22 Ground plan of the main block's second flocr. Red - classrooms
and offices, biue - lodals, green - comidors 8nd staircases

2
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Figure 3 Atrum in the centre of the
main biock [1]

Project data of building before
renovation

Altitude 3126m
Heating degree days 3712Kd
Cooling degree days 0Kd
Year of construction 1987
Gross heated floor area 9711 m?

Specific heating energy need excl. hot
water 129.06 kWh/(m?2a)

Specific cooling energy need
0 kWhi{m?2-a)

Speafic hot water energy need
849 KWnm™ a)

Type of energy carmer for heating
ot water - Gsingt heating neswork

Type of eneegy camier for hot water
hot water — distrct heating network

Specfic heatng enengy consumption
fenc! ot water) 107 23KWni{m* a)

Speciic hot water enengy Consumpion
14 76 kWh[m* a)
Instalied heating capacty Okw
Spechic electncty consumption (exd
hot water and heatng)
11 28kWn[m* a)

Energy costs MBSEBCIKA

Annex 56
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Renovation concept

Figue 4: Present pancramic view of the renovaled main biock

Design data for renovated
building

Year of renovation 2009- 2010
Gross reatedficorarea 9309 m*

Specfic heatng enengy needexd hot
water 376 67 ¥Whim?a)

Speafic cookng energy need
0 KWnm* a)

Speafic hol witer eneagy need
8 43 KN 8)

Type of energy carmer for heating
ot waler - asingt heating network

Type of energy camier for hat waer
hot waler - disinct heating network

Speafic healrg encgy consumption
feoxcl hot water) 35 37 KWhim' a)

Spealic hot waler enengy corsumpion
1395 KW )

Irstaled heating capacly oKW
Speafic electnoty consumption (excl
Pt water ang heating)

11 42 kWni{m* a)
Energy costs 1238189¢

Other acdtional costs -€ha

The main goal of the renovation
wae significantly reducing the
energy consumption of the
school. Therefore the Borough
Office in Bmo — Novy Liskovec
asked design company
(MENHIR project s r. o) to
prepare designs for low-energy
renovation. The superstructure of
the buldings was in good
condition therefore the
renovation consisted mostly of
reducing the energy losses
through the bulding envelope
and improving the efficency of
used equipment:

Addtional thermal insulation
(ETICS) made of expanded
(EPS) or extruded (XPS)

polystyrene or mineral wool was
Instalied on the walls and roof.
Also new waterproofing was
installed on the roof, New U-
values of the bulding's envelope
vary between = 016 W/m?K

Figure 5 Fm'dsmam

aler the rencvation. [2]

(roof) and = 0.20 W/m?K (walls).

Most of the doors and windows
in the building's envelope were
replaced. New doors and
windows have plastic or
aluminum frames with double
and triple glazing, with U-value =
1. 70 Wim?K. Also a new exterior
shading system was installed on
clasrooms’ windows to improve
the user's (students and staff)
comfort during sunny weather.

Figure & Extenor sunbinds installed
on the wndows of all classrooms. [2]

A small photovoltaic power plant
installed on the roof was
considered in one vanant of the
designs, thanks to government
subsidies for ecoclogical power
generation It is owned by private
irvestor who has rented the
school's roof for this purpose. it
consits of 324 photovollaic
panels with installed output 66 42
KWp was approved. It should
produce apprex 725 MWh
annually,

132



Renovation design details

Facade Solutions

To comply with low-energy
requirements, extemal walls are
Insulated using contact thermal
insulation (ETICS) covered by a
thindayer acrylic plaster,
Insulation panels are anchored
using plastic anchors with steel
screw.

Two insulation materials are
used on the walls ~ Orsd EPS 70
F and mineral wool Orsil TF -
due to the fre safety
requirements. The thickness of
added thermal insulation layer is
the same for both materials —
160 mm.

The plinth is insulated using 60
mm thick panels of XPS, These
panels reach at least 300 mm
below ground level all over the
school bulldings

The walls adjacent fo ground or
non-heated arcas are insulated
by 100 mm thick panels of EPS.

i ¥
Fgure 7. Base of the extenor wal
aler ronovation Added EFFS thermal
inswation [bege) is covered by
acrylic plasier The pinth is
inswaled by XPS (orange), covered
by ceramic Wes

4

Roof Solutions

Based on the probes into the
existing flat roofs the designers
decided to leave al the installed
matenals in place. On top of the
exisling roof were added two
layers of EPS (100 mmand 80 m

thick) and a new
waterproofingicovernng layer
made of SBS modified
bituminous sheets with mineral
granvies to improve their
durability

The photovoltaic power plant is
built on the part of Block A's roof
Its 324 panels are criented to the
south (under 30° Incline). Each
panel has maximum output of
205 Wp

180 B

421-551
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Figure § Onginad rool’s composiiion
Reinforced concrede panels (grey)
coverad by gravel sioping layer
(tvown) and EPS thermal inswabon

Figure 10 Renovation of Me roof
Adanonal EPS thermal nswiabon

Fpue 8 Aerel view of the man (epe) and modied  (SBS)
block’s roof with instaled PV panels bduminous shoels (biackl wih
3 mineral granuies

Fgure 11 Pholovoliaic power planf on the roof of the school’s man block (3]
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Ground floor solution

Due to the fimancial issues the
floor in cortact with the ground
was not renovated, Instead the
ceiling above the ground floor
vas (nsulated using 80 mm thick
panels ol EPS 70 F.

Window solution

New windows have plastic 6-
chamber frame and double or
triple glazing. New shading
system |8 installed in front of the
windows o improve the inner
conditions during sunny weather,

AL,

’
/s
/

It is made of metal exterior sun
blinds remotely cortrolled from
individual classrooms or offices.

Plastic panels with EPS thermal
insulation are used to Mi-in the
place where the interior walls{or
columns) are connected to the
fagade to visually unify the look
of the rows of the windows. Due
to the unevenness of the original
exterior wall part of the windows
had to be installed on steel
consoles protruding to the new
thermal insutation layer,

-

Fp«n 13 Original stade Row of

windows separaled by parsicle boerd

pancls whare infencr walls connect

fo e fagade. (2]

EBC &8
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Heating

The school is heated by district
heating from a nearby (gas
burning) heating plant. The
heating medium (water) is
supplied by 4-pipe distribution
system, which also supplies
nearby apartment buildings.

New compact heat exchanger
station is located on the ground
floor of Block A. Steel heating
pipes lead from the exchanger to
the distributor. There they split
into 4 separate branches with
equithermal regulation. During
the rencvation most of the
heating pipes were deemed to be
in good condtion. Therefore they
were just cleansed of scale using
chemical cleaning agents and left
in place. Due to the changes in
the overall design, new heating
pipes had
Original design

Sl Trwselies

Saw er

ser lar

to be installed too. To minimize
the heat losses, the healing
pipes are insulated by 20 mm of
MIRELON foam (pipes with
inside diameter less than 40 mm)
or 40 mm of mineral wool with
aluminum foil cover (larger
pipes). All original fittings and
valves were replaced by new
(adjustable) ones.

Originally the school was heated
using 118 cast-iron and 170
other (mostly steel) radiators.
Most of the cast-iron radiators
were deemed to be in good
condition, cleansed, repaired and
reinstallied. On the other hand
other (steel) radiators were found
to be at the end of their service
life, malfunctioning or damaged
They were removed and
replaced by new cast-wvon
radiators (and  steelstone

Renovation design

EBC 8)

Cims ety rwngy wnd o bae vnnm
B

healing desks in the changing
rooms). Currently the building is
heated using 276 (112 onginal)
cast-iron radiators and 8 heating
desks. The temperature gradient
in the heating system is
75/55° C. The radiators are
fitted with themmostatic valves
and heads. Heating system's
efficiency is 95 %.

Hot water installations

DHW is also prepared centrally
in the heat exchanger station.

The pipes are made of steel.
During the renovation, only part
of the pipes was replaced. They
are insulated the same way as
the heating pipes. New
circulation circut was added
during the renovation to optimize
distribution of DHW and minimize

the heat losses,

s B L

————— ~THeat - Kitchen

f:ﬁ},i

Heating - Kitchen

_|~Mechanical ventilation
|| measuring station

\

Calor. counter

K| Measuring and

Mating - Lo’y A 3A

1L 2 Ireguiatin unit
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Figure 1B Schema of the bader room before and after the renovaton [1]
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Heating system problems

Since 2011 a problem with
original steel heating pipes
appeared — spreading corrosion.
It is most visible around the new
fittings and valves. It is probable
that it will cause leaks of hot
water. It was decided that the
heating pipes will be renovated
as soon as the funding is
ensured.

Ventilation

Air exchange in most of the
school (all classrooms, offices
and gymnasium) is natural, using
windows. The indoor air quality is
directly regulated by the users
(teachers and staff) according to
immediate needs.

Kitchen and cafeteria are
mechanically ventilated. The
ventilation unit is located in the
basement of Block B. During
rencovation the onginal system
was removed and replaced by

new one. New system creates a
slight suction to help removing
the fumes and vapors. The
ventilation unit's maximum output
is 15000 m3 of fresh air per hour
— 9000 m3 for kitchen and 6000
m3 for cafeteria (60 m3 per
person). This means almost 20-
fold air exchange. The maximum
output is used only during peaks
approx. between 9 am and 13
am, when the meals are
prepared and distributed. During
the rest of the day (approx.
between 6 am to 9 am and 13
am to 15 am) the output is
reduced to 50 %. The system is
disabled at night. The system is
regulated automatically based on
timers and thermal sensors.
Manual control is also possible
from the office of the Head of
Operations.

Ventilation of storage rooms in
the basement of Block B requires

smal  ventiation unit with
maximum  oulput  (suction)
v A ownler

Figure 19: part of the ground plan of the mechanical venliation in the basement of
kitchen and cafeleda biock. The ducts are highighled by colors for belter

understanding.
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500 m3 per hour. This unit is
regulated by thermal and
humidity sensors.

Toilets and bathrooms are
ventilated by new suction
ventilators. These ventilators are
operated manually with timers for
switching off.

The boiler room is ventilated by
an overpressure system
consisting of intake and outtake
ventilators. The maximum output
of the system is 500 m3 per hour.
The system is regulated by
thermal sensors. Natural
ventilation (using windows) is
also possible.

Supplementary ventilators are
installed in storage rooms in the
school. They are operated
manually only when necessary,
otherwise the ventilation of these
rooms is natural

All ducts are made of galvanized
steel with plastic and steel inlets
and outlels. The ducts have
rubber silencers to reduce the
noise volumes. Maximum noise
volume does not exceed SO dB.

Cooling

There are no cooling systems
installed In the school. Only a
shading system (external
sunblinds) is used 1o improve the
inner climate during hot weather

Future development

Natural ventilation of classes and
gymnasium is sufficient during
most of the year. But during hot
summer days, when there is only
littlie or no wind, the indoor
conditions can  deteriorate
quickly. Especially in classrooms
that are exposed to direct
sunlight, because wusing the
sunblinds hampers the airflow.
Mechanical ventilation system is
planned to solve this issue as
soon as enough funding Is
ensured

Annex 56
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Integrated Building Performance

Ecological/Environmental
sustainability

From the environmental point of
view the most important phase of
building's life cycle is the
operation phase. Therefore
significant  improvements  in
energy consumption and other
activities are of great importance
for any renovation.

Environmental impacts of all 3
assessed renovation scenarios
were calculated in 4 impact
categories: Total Primary Energy
(TPE) in MJ/m2a, Non-renewable
Primary Energy (NRE) in
MJ/m?2a, Global Warming
Potential (GWP) in
kg CO, equivalentm?a and
Energy Use in MJ/m?a. The
overall results can be seen in
page 15. Figure 20 shows
detailed environmental impacts
for the renovation scenarios in
one of the assessed impact
categories — GWP. It confirms
that the greatest share of
environmental impacts is caused
by the energy consumption. In
case of the first scenario energy

required for heating 5
responsible for more than 65 %
of overall environmental impacts.
With implementation of energy-
saving renovation measures this
share decreases, but it is still
significant — approx. 36 % of
overall environmental impacts in
the second and third scenario.

Economical sustainability

The renovation of the ageing
school was necessary. After a
debate the Borough Office
ordered the design of renovation
to low-energy standards. Priority
was given to improvements of
energy efficiency.

The LCC analysis that is part of
this case study confirmed the
benefits this renovation brought.
Comparison of the annual
operating costs of the school
shows 52 % savings between the
state before and after renovation.
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Socio-cultural sustainability

following contents should be
considered:

- Thermal comfort in winter and
summer: The insulation of the
school's envelope and
replacement of windows had
positive effect on thermal
stability and comfort,
especially in winter.

- Indoor hygiene: The indoor
hygiene improved slightly
thanks to installation of new
equipment (e.g. new
mechanical ventilation in the
cafeteria).

- acoustical comfort: Acoustical
comfort improved due to
replacement of windows,
which reduced the external
noise.

- visual comfort: New
equipment and facade
improved visual perception of
the school by staff, pupils and
public.

- area efficiency: New technical
equipment  requires less
space which lead to slight
increase of free space,
especially in facility areas.
This makes this equipment
more easy to use and
maintain.

Figure 20: Environmental impacts of the renovalion scenarios in GWP category
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Integrated Building Performance - Construction sustainability

Construction process

As (even temporary) relocation
of the school was impossible, it
was crucid o prepare the
schedule of the renovation works
according to the course of the
school year.

The renovation started in June
2009, near the end of the school
year. Summer vacation in Czech
Republic are 2 months long. In
this time the renovation of the
technical equipment and
replacement of windows had to
be finished 1o allow the regular
start of school year on 1%
September. During the fall and
winter 2008 the rest of the
school's envelope was
renovated, Thermal insulation
(ETICS) was added to all
accessible surfaces to reduce
the heat losses. Whole
renovation was finished by the
end of 2010 with renovation of
new outdoor sport faclities —
playgrounds, running track, elc.

Several changes to the criginal
design  occurred during the
renovation:

Firet was the decision to Install
new windows on the steel
consoles protrding into  the
ETICS. This decison had two
reasons. Main reason was
unevenness of the original
surfaces. Because of this
problem some of the windows
would have to be placed (at least
partially) on the corsoles
nonetheless. Placing all windows
on the consoles unified and
simplified their installation.
Another reason for installing the
windows on the steel consoles
was better thermal performance
of the building — installation of
the windows in the plane of

thermal insulation minimizes
thermal bridges around the
window.

Instakation of the windows on the
steel consoles alse has an
advartage for future renovations
or deconstruction. The consoles
can be seen as a “breaking
point”. Replacing or removing the
windows would have almost no
impact on the original structure.

instaation of new

Foue 21
windows. [1]

Another featwre that was

implemented dunng the
renovation was an external
shading system. Installation of
external shading was considered
since the beginning of the design
works. When additional funds
were found during  the
renovation, it was decided 1o use
them for the external shading.

Photovoltaic power plant is the
last system which was not part of
the approved design before the
start of the construction works.
During the construction a private
company offered that it wi# use
the schools reof for a
photovoltaic installation. As it
would be impossible for the
municipality to fund the power
plant by themselves, they instead
agreed to rent the roof to the
company for a yearly fee. The
power plant is not directly
connected to the school - it
supplies electricity to the public
network. The income from the
rent is reinvested in the school.

The changes and additions to the

original design aimost didn't slow
the rengvation process
According to the school's director
the construction company
cooperated very well and every
time swiftly adapted the schedule
to the curent situation.

Building materials

Only common bulding materials
and components (EPS, plastic
windows with double or triple
glazing, etc) were used during
the renovation. As most of the

during the use of the buiding it
was decided 1o use cheaper
materials which would ensure
higher savings during the use of
the renovated school.

Figwe 22 To ensure he bes!
possible impvovaments and overall

performance of the schools
onvelcpe Marmal insulation was
nslaled even on Me commonly
naccassible coling below  ground
fioor. [1)

No special attention was given to
the possible future renovations or
deconstruction of added
materials and structures, but
thanks fo the durabilty of the
original reinforced concrete load-
bearing structure it is probable
that such works would have
minimum negative impact on the
life span of the whole building.
Also all used materials are at
least partially recyclable,
therefore it would be possible to
subsequently use them as
secondary raw materials.

Annex 56
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Performance Data

Monitoring system

The school is equipped with
monitoring systems required by
Czech standards and laws.
These include:

Measuring of energy (heat) used
for heating and DHW.

Measuring  of
consumption.

overall water

Measuring of overall electricity
consumption.

Measuring of gas consumption
(used only for cooking).

Thermometers for measuring of
indoor and outdoor air, which are
used mainly for the regulation of
the heating system. After
renovation the heating system
was also equipped  with
thermostatic valves to improve

the regulation of individual
radiators.

Measuring and regulation
equipment for the heating

system. This includes measuring
of temperature of water in the
system, water flow, etc.

Measuring and regulation
equipment for the ventilation
system — air flow measuring,
thermometers, etc.

All these systems  were
modernized (mostly replaced)
during the renovation.

Energy consumption

The information about energy
consumption and costs were
taken from direct measurements
in school and issued bills.
Average values (energy
consumption and prices including
VAT) were calculated to
represent energy consumption
before and after the renovation.
Periods 2006 to 2008 ( state
before the renovation) and 2011
to 2013 (state after the

10

rencvation) were chosen fo
calculate these average values.

As can be seen in Figure 23, the
most significant improvement in
energy consumption is related to
heating. Thermal insulation of the
school’s  envelope reduced
heating energy consumption by
more than 67.0 % - from approx
107.2 KWh/(mZ2a) to approx 35.3
kWh/(mZ2a).

DHW consumption was only
slightly (5.5 %) reduced by the
renovation. This is due to the fact
that during the renovation the
previously malfunctioning DHW
circulation circuit was repaired.
This caused increase of DHW
consumption and minimized the
savings caused by the
renovation of the whole system.

Electricity is the only energy
whose consumption has risen
after the renovation. This is an
expectable change, because the
electricity consumption of the
new equipment is higher — there
are new computer measuring
and regulatory systems, etc.

Overall the energy consumption
after the renovation is 54.4 %
lower than before the renovation.

EBC
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Figure 23: Differences in energy consumption before and after renovation.
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Legend: - Positive Effect; - Negative Effect

Interviewed sample

Out of current 340 students and
40 permanent staff members a
sample of 10 people was asked
about their opinion on the
changes caused by the
renovation. This sample
consisted of:

Director (male)

Head cook (female, employed at
the end of the renovation)

Janitor (male, employed after the
renovation)

Clerk — accountant (female)

2 teachers of secondary school
(female)

2 teachers of primary school
(female, both employed after the
renovation)

2 9t grade students (male and
female)

Positive co-benefits

All interviewed agreed that the
renovation improved the
conditions in the building and
lead to significant energy
savings. The visual perception
of the renovated school also
improved and interviewed are
proud to be (work or study) in the
school.

In the eyes of the interviewed the
most important part of the
renovation was addition of
thermal insulation to the school's
envelope and replacement of old
windows. These renovation
measures significantly improved
thermal comfort inside the
school, especially in winter.

Renovated technical systems
(e.g. heating or DHW) and
equipment (e.g. external shading
- sunblinds) of the school are
also easier to use and maintain.

EBC &)
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Negative co-benefits

According to some of the
interviewed the renovation
caused several problems too.
These are related mostly with the
air quality and natural lighting in
the classrooms after
replacement of windows and
installation of the external
shading.

Female teachers complained
that new windows are much
heavier than previous ones and
that their opening/closing is very
strenuous.

All classrooms with windows
facing east are overheating
during summer. This problem
should have been solved by
installation of sunblinds during
the renovation. According to the
teachers the new external
shading system improved the
overheating at a price of
reducing the fresh air supply.
When fully detached the
individual plates of the sunblinds
fit too tightly to each other.
Allegedly, in summer when the
air is hot and there is no wind
this causes that the air cannot
flow freely into the classrooms.
Mechanical ventilation of
classrooms would solve this
problem.

Key notes — improvement
Thermal comfort

Reduced exposure to energy
price fluctuations

Ease of use

Pride / Prestige

11
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Methodology

Three  scenarios of the
renovaticn are accessed in this
case study:

Necessary renovation

The necessary renovation of the
school does not take into
account the energy efficiency or
comfort of the users. It is only
meant as a reference scenario
that would extend the service life
of the school.

Replacement of old windows and
renovation of heating and DHW
systems, including the
measurement and regulatory
equipment, are taken into
account. The renovation of
heating and DHW includes
renovation of the heat source —
heat exchanger connected to the
district heating network. All other
equipment and structures remain
in the original state.

1st approved design

This scenario represents the
design that was approved and
given to the construction

company. s goal was

renovation of the school irto a
low-energy standard fo create an
cexample of energy cfficient
renovation of a public building

in Brno, Its design also prepares
stage for future installation of a
mechanical ventilation system in
the classrooms.

The most important part of this
scenario is replacement of doors

and windows and thermal
insulation of the school's
envelope. This  significantly
improves the energy

consumption. It also improves
the comfort of the users.

Another feature of this scenario
was renovation of heating and
DHW system (similar to previous
scenario) and replacement of the
old mechanical ventilation in the
kitchen, cafeteria, etc. The
heating and DHW systems were
also insulated to minimize the
heat losses through the pipes.

Final renovation

This scenario is an evolution of
the previous scenario. During the
construction process it was
decided to further improve the
renovation designs:

It was decided that an external
shading sysiem (sunblinds) will
be installed o improve the indoor
cimate during sunny days
Originally there were only indoor
sunblinds installed in the school

EBC &)
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These were prone to matfunction
and due lo their position they
proved ineffective in improving
the thermal comfort of the users
(especially in summer).

Important part of this scenario is
addition of renewable energy
source to the building. Because
of lack of funding it was
impossible to add any renewable
sources to the school itself. But a
private investor shown interest in
renting the school's flat roof for
an installation of a photovoltaic
power plant. This power plant is
not directly connected to the
school - it supplies the electricity
to public network. But the
Borough office (owner of the
school) receives the rent which is
re-invested in the school. This

power plant has also high
educational value. It promotes
possible use of renewable

energy sources in cities not only
to the pupils, but everyone who
lives in the surroundings.

Annex 56
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Comparison of renovation measures
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Comparison of renovation measures - LCC

investment costs

Ereutmant coarn ELRm]
#

4

®

Necrnaay wecssien o ggroved e

Al 3 renovation scenarios are
calculated using the interest rate
of 3 % and inflation (price
increase) of 2 %.

Necessary renovation

First renovation scenario has the
lowest investment costs . This is
caused by the fact that only
renovated parts of the building
are windows, heating and DHW

systems (including the
measuring and regulatory
equipment).

In  contrast this renovation

scenario has the highest annual
costs, mostly due to the high
heating energy consumption.

Investment costs:
2395 CZK/m?2

Annual operating costs:
640 CZK/(m?a)

Total yearly life cycle costs:
729 CZK/(m?2a)
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1* approved renovation

Investments in this scenaric are
almost twice as high as in first
scenario. The cause is more
extensive renovation — thermal
insulation of the whole envelope,
more extensive BITS renovation,
etc.

Annual costs are significantly
reduced, mostly thanks to the
reduced heating energy
consumption. Increase in the
maintenance costs is caused by
addition of new materials and
installation of more complex
systems.

Investment costs:
4202 CZK/m?2

Annual operating costs:
329 CZK/(mZ2a)

Total yearly life cycle costs:
481 CZK/(mZ2a)
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Final renovation

Further increase of investment
costs in comparison with second
scenario is caused by the
installation of external shading
system.

Small annual cost reduction }in
comparison with the second
scenario) is caused by the
income (rent) from the owner of
the photovoltaic power plant - in
this calculation it was
incorporated to the maintenance
costs, which were therefore
slightly reduced. Overall this
scenario reduced the total life
cycle costs by 35 %.
Investment costs:

4613 CZKim2

Annual operating costs:
307 CZK/(m?2a)

Total yearly life cycle costs:
473 CZK/(m?2a)

Annex 56
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Comparison of renovation measures - LCIA
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Description and analysis of
the LCIA resulits

As can be seen in the charts
above the first scenario has the
worst environmental impacts.
Two assessed renovation
scenarios have environmental
impacts reduced by
approximately %. For example in
the GWP category the first
scenario produces 58.9 kgCO,.
eqg/(m2a), while the second
scenario produces 34.5 kgCO,_
eqg/(m2a) and the third 34.9
kgCO,.eq/(m2a). This is caused
mainly by improving the energy
consumption of the building and
it confirms that the use of the
building has major share of its
overall environmental impacts.

If closely compared a small
difference between

ot QWP

total NRE

Noa Wesraabie Eaergy [VWhIT ]

Lot praty e cptte Conts [ELRw o

environmental impacts of the last
two scenarios in GWP, NRE and
TPE categories. It is caused by
addition of environmental
impacts of the external shading
system and the photovoltaic
power plant installed on the roof.
After the installation this power
plant became a part of the school
building and therefore it should
be added when calculating
overall environmental impacts of.
On the other hand, as the power
plant supplies the produced
electricity directly to the public
network and not to the school
itself, the environmental impacts
of the electricity generation
(which are positive, as it is a
renewable energy) are not
included in this assessment. If
they were included the overall
environmental impacts of the

144
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final renovation scenario would
be further reduced (approx. by
35 %). The difference between
results of second and third
scenario caused by addition of
the shading system and
photovoltaic power plant is less
than 2 %.
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Summary and conclusion

Kaminky S5 dementary school is
a lypical representative of the
buildings built in Czech Republic
in the 80s of 20" century. It was
built using prefabricated
reinforced concrete and ceramic
elements with only minimum
attention to thermal bridges,
energy efficiency, etc.

Before the renovation the
technical state of the school was
questionable. The superstructure
was in good condition but there
were problems with the air
tightness of the school's
envelope. There were strong
drafts in the classrooms and
sometimes the windows were
even letting rainwater or snow
inside. The technical equipment
was functional, but ageing and
inefficient. An extensive
renovation was necessary.

As (at that time) there were many
buildings in the vicinity with
similar problems the Borough
office (owner of the school)
decided to use this renovation as
an opportunity to show an
example of energy efficient and
environmentally-friendly

approach lowards the existing
building stock.

The renovation met  the
expectations. The energy
consumption was significantly
reduced. Also the perception of
the school improved greatly - the
new appearance is a matter of
pride among the staff, students
and public.

After 4 years of use several
problems related to the
renovation are identified and
plans are made to solve them.
The most pressing problem is
that the designed renovation of
the heating and DHW system
was insufficient. The parts of the
original systems that were left in
place are at the end of their
expected service life and will
have to be replaced in a few
years.

Another issue is that new airtight
envelope successfully prevents
infiltration of fresh air from the
exterior. To maintain adequate
quality of indoor air it is
necessary to regulardy open the
windows and ventiate, which

Figure 24. View of the outdoor sport facilities that are paet of 1he rencvaled school
Main school buiding with the pholovoltasc power pland on the roof can be soen in
the background
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causes problems with
overheating of rooms during hot
days. Planned mechanical
ventilation system would solve
this but currently there is a lack
of funds which hampers its
installation.

Practical experience

From the perspective of the
users the renovation was mostly
a success. Remaining problems
were already mentioned before.

This renovation also has also
shown the importance of pre-
design phase and preparation of
a detailed tender documentation.
The subsequent selection of the
construction company and close
cooperation with its employees
resulted in exemplary running of
the construction works. Even the
additional changes of the design
during the construction were
implemented without delays to

the original schedule.
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Traneparken, Owner:Hvaisa Blgaeiaian
Hvalsg, Denmark Tonapainaid =2

Architects: ARKIPLUS 1969

Energy concept:

Deep renovatlon Of three apartment Comprehensive energy
i trofitti
bIOCkS Wlth focus on energy retrofitting

Start of renovation:
November 2011

End of the renovation:
October 2012

Report:
Cenergia, SBi/AAU, DTI

Date: November 2014

Key technologies

* Additional insulation of
walls, basement and roof

* New low-energy windows

* Photovoltaic system

* Demand.controlled
mechanical ventilation
system with heat recovery
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Background

Traneparken consists of 3 multi-
story blocks of flats Each block
has 3 storeys with in all 68 flats

Building envelope

The buildings are typical of the
1960s and made of prefabri-
cated re-enforced sandwich con-
crete elements with approx. 50
mm insulation material

Panel walis between windows
are Insulated with approx. 45
mm. Floor above basement has
approx. 45 mm insuation ma-
terial. The roof is insutated with
approx. 190 mm. Windows are
double-glazed with a U-value of
1.8 Wim2K.

Heating, ventilation,
cooling and lighting
systems

The buildings are heated by
district heating delivered through
the basement of one of the
blocks to a 200 kW plate heat
exchanger.

From there it is distributed to the
3 blocks.

There are pre-insulated domestic
hot water (DHW) tanks in each
block. There are eight 300 | tanks
in total, corresponding to one for
each stairway.

EBC )
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Fgue 1. The 3 muly.siorey blocks, Figure 2 External wall before relrofing

ref: Google maps

Ornginaity, the fiats were vent-
lated by a mechanical exhaust
system which extracted air from
bathroom, toilets and kitchens.

There are energy-saving light
bulbs in all indoor lamps on the
stairways. The stairway lighting
is equipped with automatic
switch-off controls based on
presence  sensors. Outdoor
lighting has automatic daylight
switch-off.

Before renovation, the buildings
seemed rather grey and boring
and had problems with facades,
windows, roofs, etc. The indoor
climate was unacceptable and
the energy consumption was far
too high.

Table 1. U-values before and after renovation

Element U-value before
renovation, W/m2K

(only block A)

U-value after
renovation, W/m2K

Project data of the three buildings
before renovation

Heating degree days 2,906 Kd
Cooling degree days 0Kd
Year of construction 1969

Gross heatedfloorarea 5,293 m?

Specific heating energy demandincl.

Specific cooling energy demand

Type of energy carrier for heating

Type of energy carrier for DHW

47m

137 KWhi(m?a) *)

0kWhi(m2a)

District heating

District heating

Specific heating energy consumption
incl. DHW 139 kWh/(m?a) *)

Installed power for heating 200 kW

Energy costs 66,700 €/a
*) The two values are almost identical
due to the very small losses from the
district heat exchanger located in the
basement of one of the blocks.

Exterior walls 486 0.66 0.15
Floor over 361 0.66 0.66
basement

Panel walls 106 0.70 0.1
Windows/doors 205 2.40 0.80
Roof 333 0.20 0.09
2
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Renovation concept

' Design data for the renovated
bulidings

Year of renovaton 2011-2012
Gross heatedfioor ares 528307

Speciic heating energy demandincl
DHwW 85 kWhi{a) ")

Specéic coolng energy demand
OkWhi{=a)

Type of energy camer for heating
Drstnct heating

Typa of energy camer for DHW
Distrct heating

Specéic heating energy consumption
{incd. DHW) 95 6 ¥Wnima) 4

Instaled power for heating  200kW
Energy costs 45 500 €y
*) The two values are almost identical
due to the very small losses from the

district heat exchanger located in the
Basement of coe of the blacks
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Energy-saving concept

The goal was to renovate the
buildings because they were
wom down and the external con-
crete walls were weakened by
deterioration. At the same time
external balconies were added to
improve the flats.

The overall intention was to:

- Renovate worn down parts of
the buildings

= Improve the indoor climate

- Improve flals with external
balconies

- Improve outdoor areas

- Reduce energy consumption
(insulation of constructions,
new windows/doors, mechan-
ical vertiation with heat re-
covery)

Building

- Exterior walls were renovated:
Supplementary thermal insu-
laton was added to the
outside of the exterior walls.
The externad insulation was
continued to the base of the
buildng to reducefavoid ther-
mal bridges.

- Roofs were renovated and
insulated,

- Windows and doors were
replaced by triple-glazed low-
energy windows/doors.

Ventilation:

- Flats are now ventilated by a
demand-controlled balanced
mechanical venbiation system
with heat recovery. Exhaust
air from bathroom, toilets and
kitchens and supply air 1o the
living rooms.

Renewable energy systems:

- 33 W, PV system were in-
stalied on the roof of one of
the blocks.

<v-¢:.r~
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Renovation design details

Three existing apartmernt blocks
were retrofitied with new facades
with extra insulation, additional
insulation for the roof, new win-
dows, mechanical demand-con-
trolled ventilation with heat re-
covery and a PV installation on
the roof.

Facade solutions

Exterior walls were rencvated:
Themal insulation was added to
the outside of the exterior walls,
180 mm new insulation material
plus exterior solid standard
bricks. Now the walls are insu-
lated by 240 mm insulation ma-
terial in total,

Panel walls (between windows):
285 mm new insulation material
plus exterior solid standard
bricks. Now: 330 mm insulation
material in total.

Cost: € 1.67 million (incl. VAT).

A- 1282

1518

(s

Figurs 6. Wall section. 150 mm
naw insutation malerial pius exlenor
soid! stanclard bricks. Windows —
plastic, inple-glazed energy glass

[y ¢
5627 HS —A
-
121 85650

Basement

54627 windows were
not changed

£3.460

-

Figue 10 The extemal insulahon is
continued o he base of the buikding 1o
reduce/avord tharmal bridpes

Figure 9 New 150 mm insulasion
pius extence soM standerd bncks in
he consiruchion phase - shown with
scaffoksng

Figure 12° The exlamal insufation of
he basament covered by Leca
bricks
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Window solution

Windows were replaced by low-
energy windows with plastic
frames and trple-glazing with
low-E coating.

Cost: € 113,000 (incl, VAT, excl.
installation).

Figure 13 New bakcony doors -
plashc with enargy-efficient glazing

Roof solution

The roofs were renovated and
insulated:

250 mm Insutation material was
added.

The new roof is insulated with a
total of 435 mm mineral wool,

Cost: € 0.56 million (incl. VAT)

Figure 14° Lower comer of a plashic Iriple-giazed low enargy wingdow
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Ventilation solution

Flats are now venlilsted by a
centrally balanced mechanical
ventilation system with 80% heat
recovery and a SFP factor of 1.4.
Exhaust air is exiracted from
toilets, bathvooms and kitchens
and supply air is led to the living

Fguee 16 A new caling in the
comdor is used 1o vde he inkat
venfilabon ducts

Fgure 17, LeanVent damper in
place on an ak injet duct fo reduce
anargy consumpbon

G

Figure 18 LeanVent damper in open
position - schemalic

Annex 56
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Figure 19: LeanVent damper in
closed position - schematc

Renewable energy system
solution

A photovoltaic (PV) system (see
photo below) was installed for
electricity production mainly to be
used in the common laundry. Tilt:
15° and orientation: 10° from
south towards west. When extra
electricity is produced, it will be
used for common lighting.

The PV system was expected to
produce 30,000 kWh/a, but from
September 1, 2012 to Septem-
ber 1, 2013 the production was
38,159 KWh. The summer of
2013 had 19% more sunshine
hours than a normal year

Demand-controlled
ventilation

To minmize the energy con-
sumption due to ventilation, a
simple demand control of the
vertilation system was instalied.
The users can increase venti-
lation when they are cocking in
the kitchen and a presence
sensor activates forced ventia-
tion when someone s in the
bathroomicilet Thereby the
standard ventilation can be kept
at a minimum level reducing both
the heating loss from ventilation
and the electricity consumption
of the fans.

To further reduce the electricity
load of the fans, a new type of
damper was used in the inlet air
ducts. It is a so-called drop-dam-
per produced by the company
LeanVent. This damper reduces
energy consumption in the ven-
tilation system and it ensures
lower noise generation due to the
lower pressure drop over the
dampers. See figures 17-19.

Frgure 20 The 33 kW, south-facing PV system and the covenngs for the new
machanical ventilahon sysiams localed above each starway
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Economic sustainability

The increased running costs for
the ventilation system is 13,300
€year, and the expected PV
clectricity production is 30,000
KWh corresponding to savings of
approx. 8,000 Elyear.

The cxpense for district heating
is approx. 45500 €year. The
savings In district heating due to
energy retroft correspond to
approx. 20 500 €year.

For the tenants, the overall
results of the energy retrofit is an
annual increase in rent of 11.8
€/m? and a decrease in energy
costs of 4.2 €/m?.

For the net increase of 7.6 €m?2
they get:

- Improved thermal comfort
- Improved indoor air quality

- Increased living space within
the flats due to warmer outer
walls and windows.

- New balconies

- Aesthetically far more attract-
ive buidings which improve
the general quality of the
area,

Ecologicallenvironmental

sustainability

The renovation has reduced the
global warming potenbal, total
primary energy consumption and
non-renewable energy use as
follows:

Global warming polential reduction
93 [xgC0, Jm'a]

Total pnmary enengy
719 [M¥m?)

Non-renewabie energy
474 [MMrg)

Annex 56
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Integrated Building Performance - Construction sustainability

Special aspects of sustain-
abllity of the construction

The apparert needs - necessary
repair of external walls and re-
placemert of windows - were
used as an opportunty to drasti-
cally improve the insulation of the
walls and to choose triple-glazed
low energy windows. Thereby a
far more sustainable solution
was achieved.

The use of scalfolding is often a
very expersive clement of the
renovation and in this case the
scaffolding was used both for the
repair of the walls and installation
of additional insulation. The roof
had addtional insulation installed
at the same time,

For the installation of the new de-
mand-cortroiled balanced mech-
anical venbilation system with
heat recovery, the existing ex-
haust air ducts were used —
thereby minimising costs and
material use. Avalable space
was identified and utiised for the
supply air system.

Figure 21 insutabon malenal waling fo be nstalled & the oot of the scaffoldng

Bullding materials

For the insulation of the external
walls and the roof, an insulation
product most often used In
Denmark was chosen: Mineral
wool. Mineral wool is produced at
high temperatures with some
energy consumption, but when
compared with the energy saved
by its use, this is close fo
negligible. It has a very high
durability and will last for the rest
of the lifetime of the building.

Plastic windows have been the
object of some debate over the
years. However, today the quality
of plastic windows has greally
improved so their lifetime is
comparable with that of other
types of windows. Uniike woocden
windows, they need no protective
treatment every 5 - 7 years. The
windows can be completely
taken apart and materials
recycled after end service life
Thereby the plastic can be
recycled for new plastic products
- for example plastic windows.

Fgure 22 The lowenergy plastc
windows and doors al the bulding
st

Sociocultural sustainability

In social housing projects in
Denmark, a majority of the ten-
ans must agree on decisions
This calls for a lot of information,
many meetings etc

Tenarts are satisfied with the
improved Indoor climate. For
example: The benefits of the
ventilation system: “now we don't
have to open windows to change
the air” - and the cost of heating
has been significantly reduced,
while the thermal comfort in the
dwellings has improved con-
siderably.

it is expected that the ecarlier
problems with mould growth will
not re-cccur due to the improved
ventilation.

Annex 56
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Performance Data

Monitoring system

The three buildings are supplied
by a district heating system.

The heating energy consumed is
measured by a standard heating
energy meter supplied by the
district heating company. This
means that the heating energy
consumption before and after
can be compared directly. Also,
the total electricity consumption
is monitored by a standard meter
as well as the electricity produc-
tion of the PV installation.

Energy consumption

Calculated and measured energy
consumption for heating and
DHW is shown in Table 2. There
is good agreement between cal-
culated and measured values.

The renovation of the building
envelope, i.e. new windows and
insulation of the exterior wall and
roof accounts for 120 MWh/year
while the reduction in the ven-
tilation heat loss, i.e. increased
air tightness and mechanical
ventilation with heat recovery
accounts for 106 MWh/year

Table Z Cakuiated and measured energy consumplion before and aler

Energy consumption for heating and DHW before and after renovation:

Calculated energy consumption:
Before renovation 728 NMWhivear
Afer renovation 502 WVMWhiear
Calculated savings 226  NWhivear
Measured energy consumplion:

Before renovation 2091 -2012 736  WMWhniear
Afer renavation 20922013 506 MWhiear
Measured savings 230  MWhiear

Figure 23. Tenan! representalive in front of 8 rencvaded block

EBC &)

g ot
v oy eree

i atomvny vy wnl o bam vanm
P e e

Reduced running costs

In the future the running costs for
district heating will be approx.
45,510 €/year. The savings due
to the renovation correspond to
approx. 20,490 €/year.

The increased running costs for
electricity for the ventilation
systems will be approx. 13,300
€/year. The expected PV elec-
tricity production is 30,000 kWh,
which corresponds to savings of
approx. 8,000 €/year.

The distribution of the heating
energy costs on cach tenant is
based on electronic heat cost
allocators located on each radi-
ator in the fiats, see the photo
below. When the size and type of
the radiator is known, the share
of the total energy bill for space
heating for each fat can be
calculated

Figure 24: The electronic hea! cost
adocalor

Annex 56
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Improvements & Co-benefits
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Co-benefits.

The deep renovation with focus
on energy of Traneparken not
only reduces energy costs, it
also intreduces a number of co-
benefits. The financial value of
the co-benefits is hard to esta-
blish, but they are often more
appreciated by the tenants than
the enrergy savings. The lable
above provides an overview of
the co-benefits of 3 different en-
ergy renovation concepts/-pack-
ages — described on page 10.
Package 3 is the actually im-
plemented renovation and 1 & 2
are examples of how it might
also have been done.

The table uses two legerds: “P*
for a positive effect and “N” for a
negative effect. X appears from
the table that the three energy
renovation packages show much
the same pattern of co-benefits,
The only difference that can be
observed is that Package 2 does
not include added insulation of
the extenor walls. So, the
positive effects of this measure
are missing for this package, for
example: Improved thermal
comfort and additional useful
living area. When comparing the
alternatives, there is a risk that
this is forgotten as there are no
costs or savings connected with
these co-benefits.
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Actual co-benefits

The co-benefit table provides an
overview of the different reno-
vation packages, but they do not
presert all the actual co-benefits
cxperienced by the tenants. For
the implemented re-novation
package these are:

- New balconies

- New green surrcundings

- Improved indoor climate (from
the Mechanical Ventdation
and Heat Recovery (MVHR)
syslem)

- Improved thermal comfort
(from less heat loss and
draught through walls, win-
dows and doors)

- I is expected that earier
problems with mould growth
will not occur anymore due to
improved ventilstion.

User satisfaction survey

A questionnaire survey of occu-
pant satisfaction with living in
Traneparken before and after the
renovation s camied out in
November 2014 after 2 years of
post-renovation occupancy. The
purpose is to study occupant sat-
isfaction after renovation and get
views on energy consumption,
perceived indoor climate and the
new ventiation system. Further-
more, the survey intends to
cccupants have achieved.
Indoor climate measurements

Measurements of the indoor
climate are performed in order to
verify that the indoor climate
meets expectations. Measure-
ments comprise continuous reg-
istration of relative humidity, in-
door air temperature and CO2-
concentration. Ventilation rates
are measured using passive
tracer gas technique.

Annex 56
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Methodology

Three different energy renova-
tion packages were analysed by
Life Cycle Cost (LCC) and Life
Cycle Impact Assessment (LCIA)
calculations and their strengths
and weaknesses compared. The
results of these analyses, and
comparisons are shown in the
following.

The three alternatives are num-
bered v1, v2 and v3, where num-
ber v3 is the actually implement-
ted renovation package. The
heating energy supply of Trane-
parken is district heating, so in
practical terms it is not a real
alternative to change this supply
to anything else. However, for
the purpose of the LCC and LCIA
analyses the calculations were
carried out also for a changed
heating supply system, i.e. gas
and oil boilers. Thus v1 — oil
refers to the situation where an
oil boiler is used instead of v1 —
DH - the district heating case.

The actually implemented
renovation package

Consisted of the following:

- 211 mm additional (average)
external wall insulation

- 250 mm additional rool insu-
fation

- New triple-glazed low-energy
windows

- New mechanical ventilation
system with heat recovery —
MVHR system

- 33 kW, PV system.
Alternative scenario 1

For this scenario 200 mm
insulation was further added to
the roof insulation, but the
additional wall insulation was
reduced to 100 mm — to simulate
a situation where it was not
possible to add 211 mm to the
wall. To reach the same energy
conservation level as v3, the
MVHR used was given a higher
heat recovery efficiency — 90%
instead of 80% and a lower SFP
factorof 1.2 instead of 1.4.

The size of the PV system was
identical to the one used in v3
and the new windows as well.

Alternative scenario 2

For this scenano the basic idea
was to lllustrate a stuation where
it was not possible or realistically

FBO ¢
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cost-efficient to add insulation to
the exterior vall. To compensate
for this, additional roof insulation
and an improved MVHR system
like in scenario 1 was chosen. To
further compensate for the lack
of savings, a larger PV system of
132 kW, was tested.

Strengths and weaknesses

An overview of the strengths and
weaknesses is presented in the
table below. Not to renovate was
not an option considered by the
building owner (Building Associa-
tion Zealand) since the exterior
walls were worn down and in
need of refurbishment. Based on
this and the fact that there was a
practical possibility of adding 211
mm external wall insulation at the
same time as the walls were
refurbished the chosen renova-
tion package seems to be the
most cost-efficient choice.

In the following the results of the
LCC and the LCIA calculations
and comparisons are presented
and discussed.
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Comparison of renovation measures
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Description and analysis of the Life Cycle Costs (LCC) results

The histograms above show the investment costs and the annual costs of the three alternative scenarios for energy
retrofit and for v1 and v2 also for three different heat sources (oil, gas and district heating).

On the investment histogram, blue refers to the cost of retrofitting the building envelope and red to improving the
building installation technologies systems (BITS). It is obvious that not installing any external wall insulation in v2
results in much lower investment costs than the other two alternatives. Even when in v2 a much larger PV system
is installed, the investment costs are still the lowest forv2.

The histogram to the right shows the annual costs of the various alternatives. It is obvious that for the reference
situation, the high energy consumption results in the highest annual costs.

Annual costs for “v1 — DH” and the actual implemented retrofit — v3 are very close to being the same, whereas all
the scenarios for v2 show lower annual costs. This is due to the higher cost of the electricity produced by the PV
system. It should be noted, though, that in this calculation it is assumed that all the electricity produced can be used
at the site/by the buildings for common electricity consumption with the same price for the electricity as that paid to
the electricity company. If some of the PV-produced electricity needs to be sold to the grid, a much lower price
must be used for the calculation in which case the annual costs for v2 will be considerable higher.

It is interesting to note that installation of a larger PV system seems to be able to out-balance the expensive
exterior wall insulation.

As the price of PV systems continues to decrease, the tendency is likely to be stronger in the future.

The histogram also clearly shows that district heating is more cost-efficient than oil and gas heating, and gas
heating being clearly better than oil heating.
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Description and analysis of the Life Cycle Impact Assessment (LCIA) results

The different scenarios were analyzed by a LCIA calculation resulting in the four top histograms on this page: for
respectively: total final energy consumption, total Global Warming Potential - GWP, total Non Renewable Primary
Energy - NRPE and total Primary Energy — PE. On the two figures below, the total yearly life cycle costs were
plotted against the GWP/year and the total primary energy consumption per year. It should be noted that the
primary energy factors required by the Danish Building Regulations were used for the PE and NRPE calculations.
These are: 2.5 for electricity and 1.0 for gas, oil and district heating.

The top four histograms show that all three renovation alternatives result in almost the same total final energy
consumption — the second alternative being the lowest. For all scenarios, the savings are close to 1/3 of those for
the reference case. However, from the histogram showing GWP, the differences between the alternatives are quite
large — mainly due to the different factors for CO, emissions assigned to gas, oil, district heating and electricity.
The large PV installation of alternative 2 results in lower GWP because of the high CO, emissions of electricity
production. The total primary energy consumption is almost identical for the gas, oil and district heating alternatives
due to identical primary energy factors as previously explained. The plot of NRPE consumption shows that the
district heating alternatives come out the lowest — but all close to 50% lower than the starting point.

The two lower figures show how the different alternatives can reduce the total annual life cycle cost, GWP/year and
total primary energy per year from the “upper right corner” to less than half the cost and less than one fifth of GWP
and one third of the primary energy consumption. This is obtained by alternative 2 with district heating. Alternative
1 with district heating and the actual implemented energy retrofit shows almost the same results — primary energy
and GWP more than halved and the total annual life cycle costs reduced from about 13 to 8 €/ m2?year.
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Summary and conclusion

Before rencvation, the three
blocks with in all 66 fats were
typical examples of Danish
buildings from the 1960s with
prefabricated sandwich concrete
elements with only little insula-
tion.

The buildings were worn down
and looked grey and rather dull.
There were problems with
facades, windows, roofs etc. The
energy demand was high and the
indoor climate unsatisfactory.
The buildings were in need of a
in-depth make-over.

The housing company decided,
supported by the tenants, not
only to fix the problems, but also
to upgrade the buildings to match
new buildings with respect to
energy demand, indoor climate,
architecture and quality of life.

The exterior walls were insulated
externally including the walls of
the basement. Additional insula-
tion was added to the roof, the
old double-glazed windows were
replaced by triple-glazed win-

rencvation

14

The old mechanical exhaust
ventiaticn system was replaced
by an efficient demand-controlled
mechanical ventilation system
with efficient heat recovery.

The added insulation and new
ventilation systems improved the
thermal comfort and air quality in
the flats. The warmer walls and
windows make it easier and
more comfortable to utilize all m2
of the apartments. All flats now
have a balcony overlooking the
also refurbished green areas of
the courtyard surrounded by the
blocks of flats.

A PV system on the roof of one
of the blocks helps reducing the
energy consumption of the com-
mon laundry facility.

The overall energy demand and
energy bill for heating is reduced
by 31%.

The electricity demand for ven-
tilation has gone up, but the
electricity production from the PV
system covers around 60% of
this increase.

Figure 25 Aparimen! block duning renovadon and andther biock before
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Practical experience

It takes longer to pian and carry
out renovation than new con-
struction, especially if the flats
are inhabited during the process.
It is important that the tenants
get what they expect, so from the
beginning it is necessary to
spend a great deal of effort in
making sure that the expecta-
tions are aligned with what can
be achieved in practice. The
tenants need to be included in
the decision process (tenant
democracy is mandatory in
Denmark). The time schedule is
important — the tenants need to
know when something is going to
take place in their dwelling. It is
cumbersome to carry out work in
flats, where people live - the
individual craftsmen need to be
considerate.

Security on the building site has
to be the very best — it has to
consider the tenants and es-
pecially children living on the
building site. The consultants
and the contractor succeeded in
this in the Traneparken project

Conclusion

Needed building rencvation like
repairs of walls and replacement
of windows are sometimes re-
ferred to as “anyway measures”.
In this case, these anyway
measwres made a comprehend-
sive ~ deep-energy retroft poss-
ible - resulting in considerably
reduced energy consumption,
improved indoor clhimate and
additional useful space for the
tenants.
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Rainha Dona Leonor
neighborhood

Owner: Domus Social

Social housing renovation Architect: Inés Lobo

Arquitectos, Lda.

Report: Marco Ferreira/ Ana
Rodrigues

Location: Oporto, Portugal

Date: November 2014

Key technologies

* Insulation of the building
envelope

*  Windows renovation with
introduction of double
glazing

« Efficient heating systems

« Solar Thermal to support
DHW production

View of exsfing (smed poiure) and the revovaled bukdng (lwpe poken)
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Background

The buiding is part of a sccial
housing neighbourhood built in
1853 with several two floor
buidings with varatons in the
area and the number of
bedrooms. It also has 3
apartment  blocks, but the
renovation program that is taking
place includes only the two floor
multifamily buildings.

The neighborhood consisted of
150 dwellings, but afer the
complete renovation they will be
only S0 due to the aggregation of
very small apariments. The
architectural and urban original
charactenstics are kept and
restored by keeping the buildings
boundaries, volumes, main
facades elements and accesses.

The dwellings had very small
areas which led the users to
buld external additions to
increase the Iving areas. The
age and lack of maintenance
took the neighbourhood to a
significant state of degradation.

Since all the neighbourhood had
never been submitted flo
significart renovation, none of
the buidings had thermal
Insulation or installed heating or
cooling systems and the
windows werc the original
wooden framed with single
glazing. The domestic hot water
was provided by an electric
heater with a storage tank

The main goals of the
intervention were to improve the
livabiity of the dwellings and
common areas and
simultancously restore
consistency and homogeneity of
the group of buildngs, by
subtracting the added forms,
restoring the design and shape
of the eriginal volumes.

The present analysis refer to one
of these buildings with two
dwellings, one per ficor.

conatons balore renovation

U - Value
[before
renovation)

Fgue 2 Urban context

EBC &)
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' Project data of bullding befors

removation

Alloude

Hesing degree days
Cooiing degree cays
Year of constnucton

76m
1649
1953

Gross heated ficor arca 183m
Specfic healing energy reed exc. hot
waler 119,70 ¥Wh{m?a)

Specfic cooing enengy need
6,43 KWni{m* a)

Speciic hat water energy reed
37,05 kWh/[m? a)

Type of energy camer for heating
Elecnaty

Type of energy camer for DHW
Elecncty

Speciic heating energy consumpbion
(el hot water) 118, 70KWIV[m* a)

Speciic hot waler energy consumplion
43 B3 kWN[m? &)
Instalied heating capacty  8,0kW
Specitc decreily consumption (exd
hot water and heatng)
32,33kWnm* a)

Enesgy cosis 848en
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Renovation concept

The neighbourhood was in need
of deep renovation, not only
because of degradation of the
physical eclements bt also
because the dwellings were not
adjusted to today minimal living
standards. The living arcas were
increased and the indoor comfort
has been improved.

The comfort was achieved by
introducing  insulation on the
walls and roof Double glazed
windows were introduced and

i : interior sun blinds were installed
Figure 3 Renovaled buiding vs busiding under renovabon for solar protection. For heating
and cooling an HVAC systems
has been introduced and for the

Design data for renovated DHW solar thermal panels were
building installed and the electric water

heater with a storage tank is now
Year of renovation 02 only used as back up

Table 1. Buiding elerments basic
dimensions and thormal

POTIMANcE aNer Nencvalion
Specific heating energy need excl hot U=~ Valy
water 68 55KWHV[mda) 2)der
(after
Specific coockng energy neod renovation)
7.86kWhm* a)

Gross heated fioor area 123m

Specific hat water energy need
27 A3KWhm* &)

Type of energy camer for
heatng: Elecincty

Type of energy camer for DHW
Elecincty

Specific heating energy consumption
(exct hotwater) 19,24 kWhi(m? a)

Specific hot waler energy consumption
31,52 kWhi{m* a)

Insilied heatng capacty  10kW
Specific glectactly consumpion jexct
hot waner and hesting)

3233 kWhifm? a)

Enesgy costs 1491 €a

Figure 5 Rencvation plans (in yelow demoliicns and in red new elements)
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Renovation design details

The renovation concept focused
primarily on the redefintion of
the living areas once one of the
main limitations was the lack of
space inside the dwellings. The
four original dwellings with two
bedrooms were transformed into
two dwellings with two bedrooms
each.

It was also necessary to
renovate the facade of the
building and repair several

exterior degraded elements thus,
improving the building envelope.
Intervention on walls, roof and
windows was necessary, even If
no improvement in  energy
performance was particularly
desired. Given the relevant
intervention in  the bullding
envelope, the opportunity to
significantly improve its energy
performance was explored
Before renovation there were no
building integrated heating or
cooling systems as happens in
most of the okl buildings in
Portugal. There are no cooling
system and healing is provided
by portable electric equipment.
DHW was provided by an
electric water heater. In the case
of these systems the opportunity
was taken to allow the users to
control the indoor temperature

without relevant energy costs
mstaling efficient equipment and
renewables  harvesting was
introduced to reduce the energy
use with DHW.

Although none of the used
measures are out of the current
market practice in Portugal, their
combination allowed to achieve
the rank B- in the Portuguese
energy certification scheme,
which means that the primary
energy use for heating, cooling
and DHW is below the maximum
allowed for new buildings.

Facade Solutions

The external walls were single
brick walls 20cm thick in the
lower floor and thinner walls with
15cm in the upper floor without
any insuation. The adopted
renovation solution consisted in
the application of ETICS system
on the external side of the wall
with a 6em thick layer of EPS.

The addiction of internal
insulation would reduce the
ingide areas, which was aiready
a problem, and reduce the
building thermal inertia. So,
external insulation was the option

for increasing the thermal
performance and also for
aesthetical reasons,

N

—

1[I

H

=\

Fgue & Main fagade changes in the cpenings

EBC )

ComesBacting ungy Wl catum s
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The U-value of the external walls
have been improved from the
original 1,69 and 1,38W/m2K to
0,48 and 0,45W/m2K
respectively in the upper and
lower floors.

Also regarding the design of the
fagade openings there’s been
some changes with larger glazed
areas on the living room. The
original glazed areas were rather
small with the new windows
allowing more natural lighting
and visual contact with the
exterior.

The windows external protection
was removed and inside sun
biinds were adopted for
aesthetical reasons. This option
led to some problems with the
control of natural lighting during
summer (o control the bheat
gains during summer, no natural
light and extemal views are
possible) and also with the

space that internal doors use to
open and close

T~

Figure B Rool rencvalion solution

Annex 56
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Ground floor solution

The ground floor did not received
insulation. The intervention was
mainly to replace the water pipes
and sewer tubes and affected
only the surface layers of the
floor. The low-ceiling height
didn't allowed to raise the ground
floor in order to place insulation
on it. To do so, it would be
necessary to dig deeper in the
floor and rebuilt the hole floor,
increasing significantly  the
construction waste.

Roof Solutions

The roof has fibre cement plates
resting on a wooden structure.
Between the cover and the inside
arca, there was a lightweight
slab.

After the renovation the
lightweight slab has been
removed and instead of it, it was
placed a suspended celing.
Between this celling and the
fibber cement plates, 5 cm thick
XPS panels have been placed.

This solution reduces the heat
losses during winter by the
reduction of the thermal
transmittance of the eciement,
reduces the volume of internal air
to be heated during coki seascn
due to the reduction of the height
of space fo be heated and
leaving the space between the
insulation and the external roof
slightly ventilated which allows
the removal of the significant
heat gains during hot seascn to
be naturaly removed by
ventidation.

The U-value of the roof has been
improved from the original
262N/mPK o 064WMIK
contributing not only to the
improvement  of

dwelling but also to the comfon
of the occupants.

Window solution

The existing windows had
wooden frames and single
glasses (g=0.88). The U-value
was high (3.4W/m2°C), which
combined with significant air
leakage due to the lack of
adequate  maintenance and
wood degradation makes them
very energy inefficient and
uncomfortable.

The windows were protected by
external blinds with external blind
boxes which were now removed.

EBC &8
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The renovation solution was to
replace the windows by new
ones also with wood frames but
with double glass and adequate
air tightness.

The new windows have a U-
value of 2.9 W/m2, °C and a solar
factor of 0.78.

To allow the existence of an air
renewal rate that assures the
indoor air quality, the windows
are equipped with air intake
devices that passively allow the
natural ventilation of the main
spaces of the dwelling.

Figure 10: Busiding with new windows and dlackouts

Annex 56
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Heating and cooling

An HVAC system for heating and
cooling has been installed. It is a
multi-split system, with a COP
4,1 EER 350. It has an external
machine and three internal spiits,
on each dwelling. The ife time
for these equipment is  fifteen
years.

Mylti=Split System

Figure 11° Heang and oooling
sysiem loechrical schame

The installed system allows the
occupants to adjust the internal
temperature of the dwellings
whit, in cold season,
approximately four times the
efliciency of the former system.
The instalied system can also be
used during summer to deal with
the owver heating moments,
although calcuations  indicate
that normally cooling will not be
necessary once the thermal
inertia of the buiding, the control
of the heat gains and the crossed
natural ventilation will probably
be encugh to keep a comfortable
condlion inside the dwellings.

The current thermal regulation in
Portugal considers the cooling
energy needs, depending on the
value of the gains utiization
factor. When it is lower than the
reference  value, the energy
needs for cooling are despised.

In the case of this renovation, the
inclusion of insulation on the roof
is the major responsible for the
change on the gains wtiization
factor,

Hot water installations

The system for the preparation
of hot water is a solar thermal
collector linked to a storage tank
with an electrical resistance.

The distribution system s really
simple and supplies directly the
hot water taps and repeats the
existing solution. Although, the
new storage tank has 5 cm of
insulation reducing sgnificantly

the thermal losses and
increasing the systems
cfficiency.

-

Figure 12 Schomatic of the sokwr
waler hoating system

Figure 14, Renovaled buldings
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Ventilation

The ventilation s made by
natural means, using crossed air
circulation by opening the
windows,

The new windows and doors
Increased signficantly the air

Natural venbiation is aiso used to
remove the heat gains of the
unheated space under the roof.

Figue 13 Verlation gnds (cess
vivectras, 2014)

LA L

Annex 56

G

168



Integrated Building Performance

EcologicallEnvironmental
sustainability

Comparing the reference
scenario, which corresponds to
the renovation of the building
without improving its energy
performance, with the chosen
renovation, the global warming
potential suffers a reduction from
17,2 kgCO,/m>a to 158
kgCO, o/m>.a.

Comparing the same renovation
scenarios, the total primary
energy reduction is around 26
KWWhim2y,  considering  the
energy use and also the energy
embodied in  materals and
integrated technical  systems
instalied in the buikding,

Regarding the energy
performance level according to
the national certification scheme,
the initial energy level for the
ground floor was C and for the
first floor was D. The building
renovation allowed the dwelings
to reach the level B- which is the
minimum level for the new

buildings (Figure 15)

Economical sustainability

As this case is a social
neighbourhood, it was important
to use solutions with low cost
which allowed to reach
significant energy savings and
long term low maintenance
costs.

The renovation solution, when
compared to renovation without
energy improvement, does not
have major impact in the costs
during the buildings life cycle.
The extra investment costs in the
insulation materials is easily
recovered through the energy
savings afler the buildings
renavation

Figure 15 Buidngs aspect aler the renovanon

EBC @)
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Sociocultural sustainability

The renovation process allowed
to improve the living conditions
through the reduction of the heat
losses through the envelope,
reduction of the thermal bridges
and reduction of the probability of
condensation problems. It also
improved the buildings energy
performance which leads to the
reduction of the energy
consumption and energy costs. It
allows to have better indoor
temperature and humidity

conditions, improving the health

Annex 56
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Package 1

Package 2

Renovation

Improvements & Co-benefits

Tabie 2° Evaiuaton of co banalils of diffevent rencvalion Scenancs

Replacement of heating system

Replacement of DHW system

Insulation of entire building envelope P P P P P
Internal shading P N N
Replacement of heating system P P P
Replacement of DHW system P

Windows replacement P

Insulation of entire building envelope P P P P P
Internal shading P N N
Replacement of heating system P P

Replacement of DHW system P

Windows replacement P

Insulation of roof P P P

Insulation of facades P P P P P
Internal shading P N N
Replacement of heating system P P

Replacement of DHW system P

Legend: - Positive Effect;
The improvement of the energy
performance of the building,
besides reducing life cycle costs,
the total primary energy use and
the carbon emissions, induces
several other benefits:

The thermal insulation on the
building envelope bring the
following co-benefits:

- Reduced problems  with

humidity and mold which were
a relevant problem due to the
age of the buildings and its
state of degradation;

- The temperature of the inner
surfaces naturally increased
during cold season increasing

- Negative Effect

the comfort for occupants;

- The insulation of the roof also
increased the comfort during
summer reducing the risk of
over heating;

The new windows with double
glazing and adequate air
tightness also have contributed
to better indoor comfort due to
the increased temperature of the
inner surface, but mainly
because of the reduction of air
drafts.

Their increased size could
contribute to better use of natural
lighting. Nevertheless, it was
noticed on the other hand that

EBC &)
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these larger windows can be a
source of overheating duning
summer.

It was also expected that the
introduction of new windows with
double glazing could have the
co-benefit of reducing the
external noise for the building
occupants. However, due to the
fact that the neighborhood is
located in a very quiet area, the
inhabitants felt no change related
to acoustic comfort.

The introduction of internal
shutters on these windows,
presents negative co-benefits by
imposing the close of the
shutters for sun protection which
represent a reduction of the
natural lighting and visual
relation with external
environment.

These internal shutters, in their
rotation movement to open and
close, create useless areas
inside the rooms which is also a
negative co-benefit regarding the
useful living area.

The replacement of the heating
system allowed to improve the
operational comfort by better
and easier control of indoor
temperatures.

In a more general perspective,
the intervention contributed to
increase the pride of the
occupants on their neighborhood
and restored the aesthetical
value of the urban settlement.

All the measures improving the
energy performance of the
building contribute to a reduced
exposure to energy price
fluctuations.

Annex s6
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Methodology

The methodology developed in
Amex 56 for cost effective
energy and carbon emission
building renovation was applied

to evaluate and compare
different  building  renovation
scenarios.

A total of six combinations of
building integrated technical
systems (BITS) was tested,
namely:

- Gas boiler for heating and
DHW preparation;

- Heat pump for heating and
DHW preparation;

- Heat pump for heating and
DHW preparation combined
with solar photovoltaic panels;

Global gas boiler
2
Costs (€/m2) HP_ICB
Elec. Heater +ST
2100
2000
1900
| ]
1800
°
°

1700 \ x

1600 A

1500

1400

- Biomass boiler for heating
and DHW preparation,

- Multi-split air conditioned for
heating and cooling and
electric heater for DHW
preparation;

- Electric heater for heating and
solar thermal backed up by
an electric heater for DHW
preparation;

With the use of each of these
combinations of BITS, different
packages of measures to
improve the energy performance
of the building envelope have
been tested, including
intervention on the roof, fagade,
windows and floor.

+ HP HP+PV
o HP + PV _ICB Biomass
BElec. Heater _ ICB =-HVAC + EH
——
=u
" + = -
v ——
£
LS S .
m m =
*
2 \
180 240 300

EBC &8)

Annex 56

Packages of measures can
include the mprovement of all
the elements of the building
envelope, with different
performance levels, or the
intervention on only some of the
elements.

Besides the testing of packages
of measures with  different
energy performance levels, also
the insulation materials have
been changed. For each of the
initial renovation packages, the
insulation has been changed to
Cork Boards (ICB) in order to
evaluate the impact of using
insulation materials with lower
embodied energy.

& Gas boiler _ ICB
A Biomass _ ICB
-HVAC+EH_ICB

360 420 480

Non Renewable Primary Energy (kWh/m2.a)

Figure 16: Ecological/Environmental sustainability results
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Methodology

Figure 16 presents the results for
the nonaenewable prmary
energy costs and global costs for
each of the evaluated package of
measures.

The non-renewable primary
energy value includes the energy
use for heating, cooling (when
needed), DHW and lighting .

The global costs are calculated
from a private perspective
(including all taxes and
subsidies) with a discount rate of

6% and include investment
costs, energy costs,
maintenance costs and

replacement costs.

From all the evaluated scenarios,
for were chosen for a more
detailed analysis:

- Reference case scenario: In
this scenario, the building is
renovated without improving
its energy performance.
Measures to restore the
building  functionality are
applied on the elements of the
building envelope and
standard BITS of the same
type of the used ones are

installed once the lifetime of
the existing has expired.

Chosen renovation
scenario: In this scenario, the
measures that have been
applied in the field have been
evaluated. The chosen
renovation scenario presents
the most current renovation
praxis in Portugal, with
significant limitation on the
investment costs and no
major concerns with life cycle
costs, specially in cases such
as this where the investor is
not the one who pays the
future energy bills.

Alternative scenario I: This
scenario refers to the one
with lower global costs from
the analysis presented in
Figure 16, including
intervention on the roof, the
floor and walls. Only windows
are not changed because this
measures doesn’t lead to a
reduction of the global costs.
Besides the combination of
BITS from the cost optimal
scenanio, also other three
combinations of BITS have
been evaluated.

EBC &)
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- Alternative scenario Il In
this last scermario, the same
four combinations of BITS that

were tested in “alternative
scenario I have been
evaluated (gas boiler for

heating and DHW; multi-split
HVAC for heating and solar
thermal electrically backed up
for DHW; biomass boiler for
heating and DHW; heat pump
for heating and DHW with
photovoltaic panels).
Regarding the measures on
the building envelope, the
best energy performance was
searched with all the building
elements being improved and
the insulation material is
always the insulation cork
boards to evaluate the impact
of its lower embodied energy.

Next pages describe the results
of the evaluation of each of these
renovation scenarios regarding
costs, energy and environmental
impact.

Previously, on Table 2, the other
benefits have been explored.

Annex 56
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Comparison of renovation measures
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Description and analysis of When comparing the cost envelope beyond the cost

the LCC results

Analysing the investment costs it
is possible to conclude that the
solution with lower costs is the
reference case, followed by the
alternative scenario | with the
gas hoiler for heating and DHW
and then by chosen renovation
solution.

Considering the annual costs the
scenarios with lower costs are
found among the alternative
solutions | and I, more precisely
in the ones which account with
the gas boiler and biomass
boiler. The chosen renovation is
one of solutions with higher
annual costs. The difference
between scenarios are mainly
driven by the energy costs and
BITS capital costs.

12

optimal renovation scenario (v1
with gas) with the chosen
renovation scenario (v3) it is
interesting to understand that
although the chosen renovation
presents  higher investment
costs, the results on life cycle
global costs, energy and
environmental impact are
significantly better on scenario
v1. This is mainly due to the fact
that the investments on the
building envelope were driven
for the elements with more
impact on the energy
performance of the building
(facade, roof and floor) and to
optimal widths of insulation.

When comparing the alternative
scenarios | and Il, it is possible to
understand that the further
improvement of the building

optimal level increases the global
costs, nevertheless, only with the
use of one of the BITS
combinations the alternative
scenario Il is not cost effective
when compared with the
reference case .

The analysis globally shows a
strong relevance of the choice of
the combination of BITS on
global costs and the fact that,
although the intervention on
certain elements of the building
envelope is not recovered by the
energy savings, the combined
improvement of all the envelope
elements to a cost optimal level

leads systematically to cost
effective solutions when
compared with a building

renovation without improving its
energy performance.
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Comparison of renovation measures - LCIA
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Description and analysis of
the LCIA results

The LCA analysis was developed
using the software Sima Pro.

The database used was LCI
Ecoinvent V2.2,

Concerning the energy use, the
variant with higher total energy
use is naturally the reference
case. The ones who have less
total energy use are V1 and V2
with the heat pump backed by
the photovoltaic panels.

The global warming potential
results show that also V1 and
V2 with the Heat pump backed
by the photovoltaic have the
lowest GWP. Between both, the
scenario the V1 has the lowest
environmental impact and total
primary energy use.

For the non renewable primary
energy the solutions with lower
energy are also V1 and V2
considering the heat pump
backed by photovoltaic panels. In
all the analysed parameters,
there is a very strong correlation
with the combination of BITS that
are used. Results between
scenarios v1 and v2 using the
same combinations of BITS
present very similar results.

Referring to the total primary
energy the solution with the
lowest value is scenario V1, with
the heat pump and photovoltaic
panels for electricity generation.
Highest values are achieved by
the renovation scenarios using
electricity without the
photovoltaic panels, including the
reference case, the chosen
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renovation and alternative
scenarios V1 and V2 using
HVAC and electric heating and
also electric DHW preparation
(even if only backing up solar
thermal panels).

Globally, best results regarding
the environmental impact are
achieved by alternative scenarios
V1 and V2 using the heat pump
for heating and DHW preparation
backed by the photovoltaic
panels. Scenarios using
electricity without PV generally
present the higher environmental
impact.

Comparing the GWP and the
total primary energy analysis, it

is clear that the hierarchy
between the alternative
scenarios is kept, with the

exception of the cases which
include the biomass boiler.



Summary and conclusion

Considering the developed
analysis, several conclusions can
be drawn from the comparison
between the reference case, the
chosen renovation and the
proposed alternative scenarios.

The reference case naturally
presents the worst results
regarding the energy use, but it
also presents the highest
environmental impacts and even
regarding costs, almost all tested
scenarios are cost effective when
compared with this reference
case.

The chosen renovation, although
presenting better results
regarding energy and costs, it
becomes clear from the analysis
that it possible to make a better
use of the invested money,
namely choosing the most cost
effective combination of building
integrated technical systems and
also investing on the elements of
the building envelope in which
higher reductions of the energy
needs are achieved. Still
regarding the intervention on the
bullding enwelope, from which
several co-benefits for the
occupants are identiffied, R s
clear that an intervention
including all of its clements is

14

cost effective, even If including
some measures for which the
investments costs are not
recovered by the reduction of the
energy costs.

Regarding the environmental
impact it was noticed that the use
of the heat pump backed by
photovoltaic panels has the best
results among the analysed
BITS.

A significant aspect related with
local climatic context, is the fact
that only for the reference case
(building without improvement of
the energy performance),
calculations indicate the need of
an active system to deal with
cooling needs. All the renovation
scenarios improving the building
envelope lead to a reduction of
the risk of summer overheating
to a level that is negligible.

This is an important issue for
Portugal, where cooling needs
are a problem for inefficient and
wrongly designed buildings.

EBC &)
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Practical experience

With the renovation of these
buildings, the city hall achieved
two main goals: return the
confidence to the neighborhood
and improve the living conditions
of the local population.

Additionally, the potential
reduction of the non renewable
primary energy consumptions for
heating, cooling and DHW
preparation is about 70%.

The overall improvement of the
neighborhood allowed to
transform it into the best social
neighborhood of Porto city
according to the evaluation of
the municipality, with comfort and
livability conditions much better
than other recently  built
neighborhoods.

Results from a set of interviews
with building occupants refer
mainly to benefits besides
energy and environmental
impact. In fact, the most
important changes from the
occupants perspective were the
aesthetical improvement and the
recovered dignity and identity of
the neighborhood at the global
scale and ate the bulding level
the increase of space, the
elimination of bullding
pathologies such as humidity and
mold and the improved thermal
comfort conditions
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Lourdes Neighborhood,
Tudela

- Owner: Private ownership
Caparroso Panos 11

Architect: MARQUITECTOS

Energy concept:
MARQUITECTOS

Report: University of Navarra
Location: Tudela, Spain

Date: November 2014

Key technologies

+ Improved thermal envelope

* Upgrade of existing district
heating network and energy
production by renewable
sources.

Retrofitted
buiiding

View of the renovaded Sulkiing within the bnsal Bk 1o which £ bebngs (W peture) and defad of the rencvaded fscade besde anciher one
hat has not been renovaled [rght pocture)
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Background

This residental bullding was bullt
in 1970 and is a part of a8 big
social nesghborhood with  low
quality construction. It is a five
story bullding with a northwest —
southeast axis, Main fagade is 20
meters long with a depth of 21
meters. It has 4 dwellings per
foor of approximately 80 m? of
gross space (70 m? of net area),
The staircase is located in the
middie of the buikiing and a new
elevator was installed some
years  ago. Private and
commercial locals at street level
are nowadays unused.

Building envelope

The building lacks of any
insulation. The existing facade
was made of a single hollow
brick with 25 ecm of width. The
floor of the first floor (in contact
with unheated spaces) is made
of a concrete beam slab with
ceramic hollow fillers. The old
pitched roof has an unheated
space under it and is covered by
ceramic tiles. The original
wooden windows were nearly all
replaced by owners at different
tmes during the last years s0
their thermal performance is
variable,

[ {

{ - \ LA
Figure 1: Urban context, in ooior the
buicings whose heatvy is supphed
by the same district heating system.
Facilities

The building was connected to
an inefficient district heating grid
with gas boilers (originally oil
boilers with the burner changed
to use gas). The distribution
network had huge thermal
losses. There were any kind of
individual regulation and any
energy meters. The heating was
paid according to dwelling’s
area. Individual electrical boilers
for domestic hot water are
installed in different times by
occupants, There are only a few
indvidual air conditioning units
and no energy saving system for
lighting or common appliances.

Figure 2: Fioor plan of the buiang (lefl piciune) and of & cweitng (nght pichue)

Emergy costs
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Project data of building before
renovation

Altitude 264m
Heating degree days 1534 4545 Kd
Cooling degree days 4864448 Kd
Year of construction 1970

Gross heated floor area 1453 m2

Specific heating energy need excl. hot
water 120 kWhi{mZ2a)

Specific cooling energy need
58 kKWh/(m? a)

Specéic hot water enargy need
254 KWhWm* a)

Type of energy carner for heating
Natural gas

Type of energy carnier for
hot water  Natursl gas [ electnaty

Spectic heating energy consumption
fexct hotwater)  171.4 KWhim® a)

Speciic hot water energy consumption
28 SKWhim* a)

instaliod heating capacty
5235 KW for 40 44Bm* {District heating)
Speaciic elecincty consumption (exd
hat water and heatng)

252Whim*a)

24T €

Annex 56
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Renovation concept

N 2 A Scace o7 I Refing anoe N (s Aasn rencketed.

Design data for renovated
building

Year d renovation 2011

Gross heated floor area 1474 m*
Speciic heatrg energy needexd hot
waer 45 3KWh(ma)

Specfic coolng energy need
0 kWri{er' a)

Speciic hot water energy need
254 KWi{e &)

Type of energy camer for
heating Siomass / Gas

Type of energy camer for
hot waler  Natural gas / elecincity

Specfic heating energy consumption
(et hotwater) 453 KWhir )

Speafic hot water energy consumpton
23 9xWni{m* a)

Instalied heating capacty
3435 KW for 40 448m*

Speciic elecincly consumption (excl
hot waler and hesting)
48 3Wnlim" a)

Energy costs 10017 8¢ela

-
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The retrofit concept is based on
cnergy  efficiency measures
focused on the ervelope
(exterior insulation and improved
window performance), a high
ratioc of renewable energy for
heating (biomass) with a hgh
efficiency in its generation and
distribution

The main targets were:

* Renovate the builkdings due to
its deep degradation state.

* Renovate the ervelope in
order to Improve Indoor
comfort and decrease thermal
losses.

« Improve efficiency of district
heating and reduce s CO,
emissions.

* |mprove supply lines:
electricity, gas distribution,
telecommunicabions, lines.

Heating:
Biomass and gas district heating
system for 485 dwellings and a

total of 40.448m2 heated. Total
instalied power of 3.435 kW.

Cooling, DHW, Ventilation,
Lighting:
No improvements performed

Figure 5 Buiking before and afler he rencwvation

Annex 56
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Renovation design details

Figure 7. Fioor plan, new thermal
ervelope.

Given the Imited budget
availlable the main objectives of
this retrofit were three: improve
the thermal performance,
improve aesthetical appearance
of the building and reorganize
the facilities lines arranged in the
main facade,

Fma Presorvation stale of the
facade in the courtyard .

Roof Solution

The original pitched roof was
renovated 6 om of extruded
polystyrene was added fo the
titled slab and a water proofing
membrane, tiles were replaced
by new ones (See Figure 9).

New telecommunication systems
were updated and individual
antenmas were relocated from
the fagade to the roof.

-~

Figwe 10 Construchon detad D1
Roof detad

Figwe 11, Preservabion stale of the
back facade.

L

g R

|

b

L-Jd

Figwe 13 Courtyard afler the
rencvaton
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Facade Solution

First of all, @ was needed to
remove old faciities, fix and open
new holes for existing and future
exhaust pipes from gas boilers
for DHW. A single layer of 6 cm
of expanded polystyrene was
instaled covered by and acrylic
clastic mortar

To ensure thermal uniformity
along the fagade, interrupted by
exisling concrete prefabricated
panels around the windows,
insulated aluminum  modules
were installed (see Figure 14 &
15).

Windows Solution
Additional  sliding aluminium
windows were adapled to this

frame (Number 10 in Figure 14 &
15), improving the overall

appearance of the building
Description of
construction details

1. Ceramic tile

2 Water proofing membrane
3 Bem extruded polystyrene
4 Original ceramic panels

S Rain water gutter

6. Folding aluminium piece

7. 6ecm expanded polystyrene
8 Existing precast concrete
plece

9. Holding System structure
10. Additional shiding aluminium
window LowE 6.16.6 glass
11. Existing window

12. Existing fagade

13. Higden distribution lines
14, 10em mineral wool

15. 3cm celludar glass

On the drawings, marked in red,
it can be seen where the thermal
envelope of the bukiing has
been improved,

| VERDCAL S8CTOM

‘.s
\_* 7

Fgure 14 Construction detail D2 &
D3 Vertical window section

1" 10

CANTTIN FA T

2 [
Fgure 15 Canstruchon detad D2 &
D3 Horzontal window section

Figue 16 instafabion of facade inswalion, 6om exiruded polysiyrens

EBC &)
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First floor solution

First ficor siab in contact with
unheated locals was insulated
with 10 ecm of mineral wool,
instalied on the ceiling in the
entrance of the bullding or in a
hanging cefing over the
unheated locals,

Fgue 17 Construchon detal D4
Entrance detal insulshion under he
first foor siad (on e ceilng of
ground foor) in contact  with

18 Instalation o the

Figure
nsulahon on e caling of the

i
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Figure 18 District Heeting ares,
mavked in red $he buiding under
study.

The building was connected to

an inefficient district heating grid

from 1970 which was at the end

of its technical life. It had gas

boilers (originally oil boilers with

the burner changed to use with

gas). The distribution network

had huge thermal losses.

As auxillary bollers for peak
demand 3 condensation boifers,
with a heating individual power of
665 KW, were installed. Total gas
installed power is 1995 kW. This
way the total power instalied is
3435 KW,

in the dwellings, there were any
kind of individual regulation
systems and any energy meters,
the heating was paid according
to dweoling's arca. During the
systems renovation, wireless
thermostats were Installed in
every dweling, maintaining old
radiators with new regulation
valves. Likewise energy meters
were installed in every dwelling.

In Figure 20, the measured
energy consumption of the last
years for the whole district
heating is summarized.

First of all, it is necessary to say
that the energy used before the

EBC &)
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needed to maintain the intemal
temperatures required by
legisiation. But it is remarkably
the consumption reduction after

taking into account that only 44
dwellings (of 486) belonging to
the distnct heating has been
retrofitied. This could be due to:
-Big previous thermal losses in
the distribution.

-After the renovation, dwellers
use less energy since now they
are paying the energy they
consume. This fact could lead to
a situation where occuparts don't
use heating, making visible
problems of fuel poverty in some
dwellings.

It is necessary to say that the
opportunity of reducing power
capacity of the heating systems
has been unexploited by not
having first renovated all

renovation was a bit lower than buildings.
Operation Savings
oty Gas(m3) Gas (kWh) Pellet (kg) Pellet (kWh) Total (kWh) .~ origin
20102011 |80 10002200 | 347000 | 3623129 0 0 3623129 ias
SYSTEM
2014-2012 SYSTEM 1000-2200 74771 781 314 355 000 1250 216 2031530 A4
20122012 |Seeren 24n 37501 | 405983 | 340870 | 1470098 | 1876079 8%

Figure 20 Measured energy consumpdon of the whole disine! healing for the las! yoars

This district heabing supplied
heating to 486 dwellings with a
total heated area 40 448 m?,

Due to its poor condtion, an
integral renovation was carried
out. The distribution system was
replaced by insulated pipes, and
bollers were replaced by more
efficient biomass and gas ones.

The biomass boilers are 2 pelicts
and firewood bollers, of 720 kW
individual power each of them
Total power installed is 1440 kKW.
Efficiency values are higher than
S0%.

Annex 56
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Buildings' consumption

. /- v~
}/ o ’

foi® cPo.

Figure 1§ Distng! Healfing aree,
colowed In Dlue the buldings hat
were rerovated and surrourded by
a blue line (CP 3 & CP 11) two
buildings that weren’t renovated (CP
1&CPY).

Once the district heating has
been renovated, the energy
consumption of each dwelling
and building is being recorded.

demand was expected, however
its actual reduction is slightly
lower. This performance gap
may be due to a lower heating
use in the existing buildings or a
poor execution of building works.

EB &)
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Hot water installations

Concerning to the domestic hot
water no change has been
performed, each dwelling has its
own Individual gas boder and a
few of them have dlectrical cnes.
These have been installed at
different times by occupants and,
therefore, their performance is
variable.

Cooling

Soeme of the dwelings had
indvidual cooling units installed
by the owners. The cooling
demand of the building prior to
the renovation was low (around
6kWh/m2y) and only some days
during the summer cooling is
needed. During the renovation,
these units were removed from
the main facade and reinstalled
in the interior courtyard.

Ventilation

Annex 56

% of savings

% of savings

There is not any system for
mechanical ventilation neither in
the existing building nor after the
renovation. Nowadays, in

Time of AL in buildings AICIIIES in buildings
B hoating 11012011 - o % 11012012 - 9
ufiding - heating - »4/03/2012 renv;:late 4 200032013 renv;:late .
(kWh) ® (kWh)
envelope envelope
Day time | 577627 484153
CP1 Night time 50155
Giobd | 57.7627 543308
0P 3 (with | 0% Sme | 386637 266812
rencvated | Night time 3306% | 44240 | 4275%
eovelope) [~ Gopal | 366637 311052
Daytme | 502289 0396
CPO | Nighttime 74191
Global | 502289 51,3587
CP 11 fwitn | DY e | 307402 20237
renoveted | Night ime 3880% | 47293 | 4816%
emweiope) " iobal | 307402 276530

Figure 20 Measured energy consumphan of four bulkings of the same lypology
and consinuction * This year the rencvabion of the buddings wasn? st finished

whan the heatnyg perod stared

residential buildings, there isn't
any nomative requirement for
mechamnical ventiabon and,
therefore, its instalation is
unusual,

Figure 21. Rencvaled courtyard with
the cooling Lnits
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Integrated Building Performance

Ecological/Environmental
sustainability

The main goals of this process
are: improve the habitability of
dwellings through the thermal
improvement of the envelope,
improve the efficiency of the
heating system and reduce
emissions of existing district
heating by renewable sources.

The choice of the materials was
driven by technical reasons:
suitability, durability, ease of
installation and reduced
maintenance costs.

Thereby, EPS insulation was
chosen for the fagade and XPS
for the roof. In the ceiling of the
ground floor rockwool was the
insulation chosen. In Spain,
recycling of insulating materials
is not widespread so the choice
of an insulation made of natural
materials (cork, cellulose...) or
rockwool is the most sustainable
option.

Additional windows over the
existing ones helps to reduce the
amount of waste and the energy
needed to produce a Dbetter
quality window with the same
performance than a double
window.

NO INSULATION

In the case of the rencvation of
the district heating, 1 was
necessary to replace the entire
distribution network so the
associated impacts are
important. However, the choice
of biomass as main energy
carrier to cover the main demand
for heating and gas for peak load
is appropriate.

Economical sustainability

All the process was addressed
by a wilingness to make the
bigger savings possible with a
limited budget. During the
decision making process all the
choices were done to optimize
the resources available —budget,
materials, existing situation- to
achieve reasonable savings and
improve living conditions.

Building renovation had a
reasonable costs although the
district heating has bigger cost

than other commonly used
systems.
. Total by Bank Credit
18 dwell .
'wel |ngs |
Buldng retr | 216850 € we

District heat 4500 €

Figure 22 Towl irwesiment pev
dweiing

INSULATION

s

Figure 23 Thermography companng insweled and not insulated facade
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Soclocultural sustainability

This neighbourhood was
suffering a process of
degradation, due to the poor
quality of construction, living
conditions and accessibility; the
original population, very aged, is
moving becoming an area with
high concentration of immigrants.
The process has led to an
improved quality of life of the
occupants through:

Better thermal comfort in
winter and summer: thanks to the
additional insulation and
windows, dwellings can reach
comfortable temperatures with
lower energy use. It eliminates
the need of cooling and reduces
risk of overheating. Comfort is
also increased by higher air
tightness.

Indoor hygiene: Risk of mould
growth and condensation has
been reduced. However, air
quality can only be controlled
manually opening the windows.

Acoustical comfort: Additional
windows gives a Dbetter
acoustical insulation.

Individual control. thermostats
and energy meters allow
individual comfort and energy
savings.

EcologicaVEnvironmental
Sustainability

Giobal Warming Potertad
IWOOaJ'";l

Total Pnmary Energy
[MJfers]
581

Non-rerewable Enesgy
[MJera)
351

Annex 56
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Integrated Building Performance - Construction sustainability

Construction process

Construction process tries to
optimize all the resources
available —budget, materials,
existing building- to achieve
reasonable results and living
comfort.

Only the roof tiles and some old
amenities were removed from
the original building. New
components hat have been
installed in the building are:
ETICS with EPS in facade, XPS
and ceramic tiles in the roof,
rockwool and hanging gypsum
ceiling, new telecommunication
lines and water pipe. Other
distribution lines were
rearranged in order to improve
the appearance of the building.

Existing windows were
maintained. New additional ones
and aluminium modules are
installed outside the existing
ones. The standardization of
windows modules and their
production in factory reduce
waste of material and
construction time.

Keeping as many existing
components as possible reduces
the need of producing new
materials and, therefore, the use
of natural resources and energy

Building material

Concerning recyclability, six
significant materials should be
considered: the most abundant,
insulation, EPS, XPS and
mineral wool, new ceramic tiles,
new windows and aluminium
modules windows and fixings:

EPS is recyclable and even often
contains recycled material (not in
this case). EPS is a suitable
material for durability in facades
although it should be highly
protected against fire. XPS is not
commonly recycled. And mineral
wool isn't easily recyclable when
combined with resins. Its
recycling process has highly
energy use.

An additional window has lower
impacts than a new window with
the same performance as both
windows but it doesn't perform as
good as a single window (air
tightness isn't easily improved,
condensation of between
windows...).

A great energy impact is needed
for recycling the aluminium from
windows and coverings, but less
harmful than creating aluminium
from scratch. Only 5% of energy
comparing to the production of
new aluminium

nsulating Wail
Adhesive

tyrene Boards

AdhesiveBase Coat

Glass Fibre Mash

stve/Base Coat

with Fibreglass Mesh

Figure 24 Exterior thermal composile sysfom inswsenon

Special aspects of
sustainability n the
construction

One of the special aspect of this
retrofit is the simplicity and
effectiveness of the measures
implemented to solve particular
necessities. The limited budget
was a challenge, the choice of
standard market solutions and a
good planning of construction
works were key to avoid costs’
increase.

The equality of window sizes and
distribution along the fagade are
great advantages in the
construction process. Due to this
circumstance, the aluminium
modules and window frames
could be optimized, reducing its
costs and waste produced.

Thanks to the reduced impact on
the interior of the dwellings and a
well planned construction work
people kept living in their houses
during the process. This process
can be seen as an example of
the feasibility and adequateness
of the intervention performed for
futre rencvations in this
neighbourhcod.
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Performance Data

Monitoring system

The monitoring system was
renovated in the heating plant.
Al heating data s centralized,
and supervised to control the
system performance.

Individual control

Before rencvation there were any
kind of regulation in the dwellings
and every dweller paid the same

vaives in radiators were installed.
Every dweller can control 24
hours the temperature insiie
their dwelings and administrate
their own heating use.

Fowe 26 Wiokess thermostal s
connected o the vaives in racialors.

Performance comparison

In Figure 28, a comparison of
temperature and daily energy
consumption during eight days in
our building renovated and a
contiguous building that hasnt
been renovated. The number
represent the cnergy use to
achieve these temperatures.
As we can see, the temperatures
of the building without renovation
drop dramatically at night with a
6-7°C  degrees  difference,
Instead retrofitted dwelling shows
much more stable temperatures
w— Indoor temperature
renovated building

10
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Fgwe 27. Energy Consumplion by Uses in e Spanish Mousehoid sector,
2010 Source. IDEA Energy Efficiency Policies and Measures in Spain

throughout the day, dropping 2-3
*C when the heating is tumed off.

Even taking into account that the
temperatures reached in the
dwelling without retrofit are much
lower s consumpbion is 40%
higher, becoming 70% higher the
colder days.

This graph shows clearly the
comfort improvement achieved
through the retrofit.

Energy consumption

Detailed monitoring is being
done since District Heating was
renovated, 2010, Since that
momert, we can sec the energy
savings achieved through the
renewal of the district  heating
are important, around 40%.

Nevertheless less than 10% of
the dwellings of the group, 44 of
486 dwellings, have been

In this case, an increase in
operation time to 24 hours hasn't
increased the energy
consumption of the group.

Other energy uses as domestic
hot water, lighting or common
appliances havent been
improved.

Cocling is not need after the

renovation,  although  those
: that had it already

installed are keeping it.

20 4

Figure 28 Indoor lemperalure before and afler rencvalion and energy 1se.

Annex 56
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Improvements & Co-benefits

Renovation
Package 1

Replacement of heating system P P N
Solar thermal systems

Photovoltaic systems

Windows replacement P N P P P PP
Insulation of entire building envelope P P P P P P
Replacement of heating system P P N
Solar thermal systems

Photovoltaic systems

Windows replacement P N P P P P P
Insulation of entire building envelope P P P P P P
Replacement of heating system P N
MVHR systems P P

Solar thermal systems P P

Photovoltaic systems

Windows replacement P N P P PP PP
Insulation of entire building envelope P P P P P P
Replacement of heating system P P P P
Solar thermal systems

Photovoltaic systems P P

Legend: - Positive Effect;

Performance improvements

A reduction of 60% of heating
demand in the renovated building
is expected, leading to a
reduction of almost 50% of total
energy use.

From measured data it is difficult
to conclude that this expected
saving have been reached since
there was no individual meters
before renovation. In any case,

almost 50% of the energy
consumption of the district
heating group has been
achieved.
Co-benefits
Thermal comfort has been

greatly improved through better
insulation, air tightness and
individual heating control.

- Negative Effect

Air quality hasn't been improved
through the process. The risk of
condensation  and mould
control has been reduced by
better insulation. In any case the
air tightness has been improved
so occupants have to perform a
proper ventilation to renovate
indoor air.

Noise has been greatly reduced
through the installation of an
additional window.

Operational comfort has been
reached by individual regulation
through the installation of
temperature thermostats and
energy meters.

Reduced exposures to energy
price fluctuation due to reduced
heating demand, improvement of
district heating and reduced
dependency on fossil fuels.

EBC &)
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The orginal appearance of the

building was maintaired o
integrate with contiguous
buildings. The aesthetics has

been improved since it was
originally deteriorated and some
cooling units and most of the
lines (gas, communications, etc.)
were installed without any in the
main facade.

The value and prestige of this
building has improved helping to
reduced urban degeneration and
energy poverty cases.
Occupants are very satisfied with
the results and the sense to
belong to a community has been
reinforced during the renovation
process.

The works were partly funded
and dwellers get personal
financial credits and therefore no
money ahead was given by
them. There was an special
attention to low income families.

Occupants were living in the
building during renovation
reducing their disturbance and
associated costs of allocate
them.

Key notes — improvement
The main improvements of the
renovation were concerning the
thermal comfort of the dwellings
through the insulation of the
envelope and the reduced
exposure to energy price
fluctuation due to the
improvement of the efficiency of
the district heating.

Nevertheless, it is important to
say that the possibility of control
of the heating by the occupant,
despite being an important
improvement, has make appear
some cases were the heating
isn't used to guarantee a
minimum  level of comfort
whereas before the renovation all
the dwellings were heated.
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Methodology

Three  different  renovation
scenarics have been studied in
addition to an anyway
renovation. From the minimum
required by building regulation

(at the moment of the
renovation) to a deep renovation.
Existing building. Anyway
renovation.

Maintenance actions are carried
out in facade, roof and windows.
Heating and DHW systems are
replaced by a collective gasoil
boiler with a standard efficiency.

Alternative scenario 1.

Minimum required by Spanish
building code (20086).

The main objective of scenario 1
is to achieve only the minimum
performance required by the
Spanish  regulaton at the
moment of this renovation.

The envelope and windows have
been improved and a new
condensation gas boiler for
heating and DHW has been
installed.

No addtional measures have
been performed to reduce other

O L i)

energy uses.
Alternative scenario 2.

Deep renovation.
Passivhaus Standard.

Enerphit

The performance of the envelope
has been improved much more
than is required by regulation
and much more than in a
business-as-usual new building.

An air-water pump is installed for
the low heating demand needed
and DHW. Solar panels
contribute to covering the 50% of
the DHW. Mechanical venrtilation
is installed.

Chosen renovation.
Average retrofit.

All the actions performed during
the actual renovation are taken
into account in this scenario:
improvement of the envelope
and district heating renewal.

Additional measures (not
performed in reality) are taking
into account for the scenario
comparison: prefabrication and
on-site photovoitaic system that
covers 50% of the demand

EBC &)
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These four scenarios make it
possible to compare the cost-
effectiveness of different levels of
energy efficiency of the building
under consideration when
carrying out a retrofit.

In the same way, for comparison
purposes, in scenario 1 and 2,
four different energy sources are
used for heating and DHW.
These are:

- QOil boiler.
- Condensing gas boiler.

- Air-water heat pump. Solar
panels for 50% DHW supply.

- District heating with wood
boiler and auxiliary
condensing gas boiler. PV
panels 50% electricity supply.

In none of the cases measures to
improve the efficiency of lighting,
domestic and common
appliances has been taken into
account.

The strengths and the
weaknesses of each scenario is
summarized in the table beiow.
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Comparison of renovation measures
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Comparison of renovation measures - LCC
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Description and analysis of
the LCC results

In order to evaluate the cost-
effectiveness of the different
scenarios some assumptions
were made.

The annual cost calculations are
based on a LCC-period of 60
years, inflation rate is 0%, cost of
capital of 3 %, yearly increase of
energy cost by 2 %.

The investment, maintenance
and energy cost correspond to
average prices obtained from
databases of construction prices,
the study of budgets of actually
executed renovations and
suppliers.

The main conclusions obtained
are:

- The investment costs in the
building envelope are in all the
cases much higher than the

14

costs asscciated to buliding
systems In the chosen
rerovation, these cosls were
reduced by means of installing
an additional exterior window of
lower quality instead of replacing
the existing ones by new ones of
better quality. Nevertheless, the
cost associated to the district
heating is high comparing the
investment costs of other
systems. In chosen scenario, no
change was made in DHW,
although for comparison of the
renovations concepts on-site
photovoltaic system is included.

- In alternative scenario 1 and 2
the investment costs associated
to the envelope are higher than

in chosen renovation. The
difference in the investment
costs in building systems

between these scenarios is due
to the installation of solar thermal
in scenario 2.

- ,’ - | H
P he..= 3
12 2

4

- Al the renovation scenarios
studied are cost-eflective due to
the high energy consumplion of
the existing building.

- The scenario with the lowest
annual costs for energy is v2-DH.
Therefore, if yearly energy cost is
higher v2-DH will be the most
cost-effective option, having the
same scenario with a condensing
gas boiler a option (v2-gas) a
similar cost-effectiveness result.

- The most cost-effective
scenario in terms of annualized
costs is the chosen renovation.
Nevertheless this result can
change easily if energy prices
increase more than 2% annually.
That is why, a deeper renovation,
as v2, has to be considered if a
lower exposure to energy prices
fluctuation has to be ensured.
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Description and analysis of
the LCIA results

These scenarios are also studied
in terms of their impact on the
environment. The analysis was
made using Eco-Bat 4.0, which
included embodied energy
(manufacturing, replacement,
transport and elimination) of the
materials used for renovation.
The life span of the building after
renovation was assumed to be
60 years. The main conclusions
of this assessment are:

- In all scenarios a reduction of at
least 40% of the energy use its
achieved, being the reduction of
energy associated to the heating
more than 55%; further
reductions could have been
achieved if additional measures
in lighting or common appliances
would have been implemented.

- All scenarios are cost-effective
and CO, emissions are reduced
more than 45% in all cases,
being the higher reduction as
high as 75% in v2-DH. This
scenario corresponds also with
the lowest non renewable energy
use. In terms of total primary
energy scenario 2, v2-gas, with
gas as energy source has a
slightly lower impact.

- Chosen renovation has similar
total yearly life cycle costs than
all the alternative scenarios 2,
nevertheless CO, emissions and
total primary energy per year are
smaller in v2 which corresponds
to a deeper renovation of the
building. A further reduction in
terms of CO, and primary energy
use will be possible with the
implementation of more on-situ
energy production, more efficient
lighting or electric appliances.
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- In conciusion, all the scenarios
studied are cost-effective.
Therefore energy renovations
should be encouraged. Deep
renovation is the most cost-
effective in terms of energy use
and CO, emissions. In relation to
cost, this option will be also the
most cost-effective if energy
prices keep on rising
significantly. The biggest barrier
is its higher investment costs so
further work has to be focused
on solutions that allow reduce
their installation costs or financial
formulas that allow their funding.



Summary and conclusion

This residential building was built
in 1970 as a part of a big social
neighborhood with low quality
construction. Renovation was a
necessity due to its degradation
state, urban degradation and the
increasing number of energy
poverty cases.

Thanks to European, Spanish
and local subsidies and the great
support by the town hall of
Tudela through the management
team Nasuvinsa, transformation
of this neighborhood is a reality.

It was a challenging process that
demanded great coordination
between administration,
neighbors and technicians.

The main priorities of the process
were grouped under two main
concepts: renovation of the
thermal envelope and distnct
heating upgrade.

Finally, the bulding renovation
agreement was reached only ina
few buildings whereas the
existing district heating was
upgraded so the synergles of a
global intervention is wasted. In
any case energy consumption
has been largely reduced due to
the high distribution losses of the
old system,

LOURDES R'NOVE

The existing district heating was
renovated by replacing the
boilers by biomass and gas ones
and improving the distribution
network’s insulation, achieving a
better global energy efficiency
and CO2 emissions reduction.

The energy consumption in this
neighborhood after the process
is lower than the energy needed
to maintain the dwellings in a
comfortable temperature, so it is
probably that exist numerous
cases of fuel poverty. This
situation has two consequences
in the renovation process.

- An improvement in the thermal
quality of the bulidings I8
necessary in order to reduce
energy demand so that the
occupants can afford to use the
heating adequately.

- Energy savings and the cost
effectiveness of the proposed
intervertions do not match the
realty of this situations (lower
savings than expecied since the
heating s used scarcely).
However the intervention in such
areas is essential to avoid other
associated problems of uban
degradabion, social exclusion and

Figure 27 Image of the buiking in &5 locaton
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| Practical experience

As a lesson learnt, the project
conception involved the
renovation of all the buildings in
the neighborhood. Nevertheless
the agreement was only reached
in a few of them. On the other
side, the renovation of the district
heating was carried out in first
place and this way the synergies
of renovate the buildings’
envelope and systems is not
exploited.

In this respect, it is important to
highlight the essential role of
coordination between every part
of the process invoived. Decision
and agreement becomes a
fundamental barrier to overcome
to achicve an effective solution,
In this case the role played by
Nasuvinsa, the tfeam of
management, made coordinabon
possible between the three
pillars of the process.

Administration

Team of management
Meetng point decision

>

Neighbors Private

Social entrepreneurs
m:m Technical
PArSCPation 2350880t
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Pilot project Backa rod —
Katjas gata 119

‘ Owner: Bostads AB Poseldon

Architect: Pyramiden
Arkitekter

Energy concept: Andersson &
Hultmark

Report: Lund University
Location: Gothenburg

Date: November 2014

Key technologies

« Additional insulation

* Balanced ventilation with
heat recovery

« New balconies on
freestanding support

* Individual metering of

domestic heat water usage

View of the nonvenovaled (smal pokre) and the renovaled baiding (wpe polure) (south elevaton)
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Background

The piot project Katjas gata 119
is located in Gothenburg in the
distric of Backa rod, which
consists of 1574 apartments In
high-rise  buildings, low-rise
buildings and low tower blocks
buit in the sixties duwring the
‘million homes' program. The first
bulding 1o be energy rencovated,
is a low tower block with 16 two
bedroom apartments and 4
floors. The apartments have
good fioor plans, with generous
and easily fumnished rooms.
However, the buildings needed
to be renovaled due to
maintenance needs.

The buildings are typical for the
seventies with a prefabricated
concrete structure with sandwich
facades panels, a triple layer
wall. The facades were damaged
by carbonation and were in need
of renovation.

The building was leaky, through
the fagade and between the
apartments. Draught occurred
from the infill walls at the balcony
and cold floors were caused by

. -

Figure 1: View of the buiidng before
MeNoVahon

Domestic hot water is also
heated by district heating. The
district heating is renewable to
81%.

The apartments were ventilated
by mechanical exhaust and
supply ventilation without heat
recovery.

The aim of the renovation was to
upgrade the standard of the
building and to reduce the high
use of energy.

The Uwalues of the exteror
valls were 031 WK, the roof
014 Wim?K, the ground floor
040 Wim’K and the windows
2 40 Wim*K.

—

T

ﬁ Fud | y' ~
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Figure 2 Typical ficor plan

thermal bndges from the
baiconies

The buildings are heated by
distric  heating. In  cach
apartiment there were radiators
under the windows.

2
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Project data of building before

renovation

Altitude 3Bm
Heating degree days 3307Kd
Cooling degree days 25Kd
Year of construction 1971
Heated usable floorarea 1,357 m?

Specific heating energy demand excl.
hot water 134 kWhi{mZ2a)

Specific hot water energy demand
32 kWhi/fm?a)

Type of energy camer for heating
dsinc heating

Type of energy camer for hot waler
dsinct heating

Specific hesting energy consumplion
(excd hotwater)  138kWH[m? &)

Specific hot waler energy consumption
32 kWn[m* a)

Specific dedrcty consumplion (e
housahoid)
BkWh[m*a)

Energy costs 185 €a

(t Euro = 9,20 SEX)

Annex 56
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Renovation concept

Design data for renovated
building

Year of renovabion 2008
Heated usable ficorarea 1,357 m?*

Speaific heating enesgy needexd. hot
water 25 KWnifmia)

Speafic hot water enengy demand
25 KWni{m" a)

Type of enesgy camer for heding
dsingt heating

Type of energy carner for hot waner
dstnct heating

Speafic heatng eneagy consumption
fexcd hot waer) 2 KWni{m* a)

Speafic hol water enengy consumghion
2 KWnim" a)

Spealic electnaly consumplion (e
Fousehoid) B KVt &)
Energy costs 6,300€%
{1 Ewro = § 205EK)

LRUN o NU O ST SN it

Figure 4. View of renovaled buidng

The aim was to combine the
necessary renovation with a 65
% reduction in energy use.
The overall aim was therefore
to renovate the bulding, to
reduce the energy use and fo
reduce the energy use and to

EBC &8
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reduce the energy use and to

improve the indoor climate.

The energy reduction was

achieved by

= Additional insulation on the
buildng envelope and new
windows

= New baiconies on

freestanding supports 1o
minimise thermal bridges

- Individual metering of and
invoicing for hot water

- New radiator system with
thermostat valves

- Temperature sensors In the
apartments.

= Instaliation of ventilation heat
recovery.

= Installation of low energy
lighting for fixed lighting.

Furthermore the renovation
included:

- New water, sewage and
olectrical systems

- New bathrooms and kitchens
= New interior surface finish

- Safety doors for the
apartments.

=~ Glazing of balconics

Figure § View of enfrance of renovaled budding (wes! elevation)
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Renovation design details

Facade Solutions

The structure of the building
consists of prefabricated
concrete, The insulation of the
triple layer sandwich fagade
elements was improved by
adding 200 mm of expanded
polystyrene to the exterior, The
polystyrene was covered by thin
wall plaster. The Uwvalue was
Improved from 031 Wim™ to
0.12 WinvK

At the balconies, a new infill wall
was built with a U~value of 02
WinK.

An important measure when
renovating in order to lower the
energy use and reducing air
lcakage is to improve the
aitightness of the buikling. A
prefabricated sandwich element
facade can be artight if junctions
and joints are airtight, which was
no longer the case due to wear

polystyrene boards were joined
by tongue and greove and
displaced junctions of the two
layers of polystyrene.  The
junctions were also glued.
Besides, no framework system I8

%

The airtightness was improved
from 1.2 llsm? to 0.1 Usm? at 50
Pa.

was kept. The attic was changed
into a cold attic with limted
vertilation. The outside of the

to avoid condensation on the
inside. New asphalt paper
roofing was instaled. Inskie the
attic loose fill insulation was
added, which resulted In total
insulation thickness of S00 mm.,
The Uwvalue was improved from

and tear. Polystyrene was 0.31 WimKto 0.12 WimPK.
e :,:,;,,:."wu" ™ New shading eaves were built
g and the roof has been raised due
To ensure airtightness the, to the new ventilation system.
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Figure 6 Cross sechon of exfence wall and roof construction.
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Window solution

New friple-pane low energy
windows were installed instead
of the old double-pane windows,
This was done in the new
exterior insufation to avox
having the windows too deep into
the facade, which would have
shaded part of the windows. It
was also done to avoid thermal
bridges. The U-wvake of the
windows were improved from
2.40 WimK to 080 Wm’K. To
avoid high indoor temperatures
due o solar radabion a light solar
protection glazing was chosen
witha g-value of 0.5.
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Ground floor solution

The craw space was made
airtight and 500 mm of Leca was
added. By this, a warm crawl
space was created, climinating
the moisture risks of a well
insulated crawl space ventilated
by outdoor air. The crawl space
was also Included in the new
balanced mechanical ventilation
system with heat recovery (see
Ventilation). The U-value of the
floor construction was improved
from 0.40 W/m¥K 10 0.10 W/im*K.

The base wall was insulated with
100 mm polystyrene. This was
done on the outside lowering the
U-value from 0.48 W/m?K to 0.30
W/m2K.

EBC &8
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Figure 8. Cross section of exienor wall and floor-foundation construction

Element

U-value before

renovation, W/m2K

U-value after

renovation, W/m2K

Exterior walls 0.31 0.12
Roof 0.14 0.10
Crawl space 0.40 0.10
Base wall 0.48 0.30
Windows average 2.40 0.90

Figure 9: U-values before and after renovation.

Element After renovation

Exterior walls 200 mm of additional insulation

Total of 500 mm of insulation i.e.
Roof adding 100 mm to a previous additional

insulation of 200 mm

500 mm of additional insulation 'Leca’
Crawl space .

and heat supply by supply air
Base wall 100 mm of additional insulation
Windows New triple-glazed low energy windows

Figure 10: Improvements of thermal insulalion.
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Heating

Before the renovation, space
heating was done by hot water
central heating with radiators in
each room. Heating cost was
included in the rent. The
radiators are located under
windows and the heat source is
district heating, which to 81 % is
renewable. The heating pipes
were single pipe central heating
system and the flow was
controlled by a hand wheel. The
flow temperature was controlled
by the exhaust air temperature
and the outdoor air temperature.
In some apartments, where it
was cold, the tenants installed
electric radiators which were
located in front of the water
radiators. This meant, that the
temperature by which the heating
system was controlled, showed
incorrect values, that resulted in
less supply of heat. Thereby the
tenant downstream in the
radiator circuit got less heat or no
heat.

A completely new pipe system
was therefore installed, a two
pipe certral heating system. New
radiators have alsc been
installed as well as new
thermostatic radiator valves. The
district  heating substation is
located in another building and
supplies an additional bulding
with heat. The consequence was
that the new system had to be
designed in the same way as the
old system with the same flow
temperatwre and radiator size.
The flow temperature s still
controlled by the coxhaust ar
temperature and the outdoor air
temperature. The heating cost is
still included in the rent

In the bathrcoms an electric
towel dryer was installed with a
timer.

Before the above decision was
made, two altermatives were
considered. One was to supply
the heat with the supply air. This
would have been too expensive
and it could not be guaranteed
that no odour problems would
occur (a burning smell from the
heated air caused by high
temperatures). Another
alternative was to install separate
electric radiators, but was
determined to not be feasible .

Hot water installations

No major changes to the hot
water installations were made.
The domestic hot water is heated
by the district heating substation.
However, hot water circulation
was installed, which will reduce
the water consumption and might
increase the energy use. Before
renovation, the cost of domestic
hot water was included in the
rent. The renovation included
implementation of individual
metering and invoicing of hot
water.

EBC £8)
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Lighting

The stair opening is located in
the middle of the building and
has therefore little access to
daylight. Artificial lighting is
necessary. Before the
renovation, the lighting of the
stair opening came from lighting
fittings with fluorescent tubes.
The lighting of bathrooms and
kitchens were mostly lighting
fittings with incandescent lamps.
After the renovation, the lighting
of the stair opening comes from
compact fluorescent tubes, which
are switched on and off by
movement detectors on each
floor. The lighting of the
bathrooms and kitchens has
been converted to light fittings
where only compact fluorescent
tubes can be used. The choice of
lighting source in the remaining
part of the apartments is up to
the tenants.

Figure 11 View of the renovaled buiding (wes! elevation)

Cis-
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Ventilation

When the building originally vas
built, the building was ventilated
by a balanced mechanical
ventilation system without heat
recovery. One unusual feature of
the system was that the exhaust
ducts were located inside the
supply ducts, which meant some
degree of heat recovery. This
made it difficult to clean the
supply ducts, therefore Bostads
AB Poseidon removed them
during the nineties. Since then
the ventilation system has been
operated as a mechanical
exhaust only ventilation system,
where the air flow was controlled
as a function of pressure and
temperature (exhaust air and
outdoor air temperature).

In order to save energy, the
ventilation system was rebuilt to
a balanced mechanical
ventilation system with heat
recovery. The roof had to be
raised in order to place the new
ventilation unit at the top of the
building. The air flow is
continuous and is controlled
against pre-set pressure drops.
The ventilation system, which
provides the building with supply
air, is equipped with a rotary heat
exchanger, which pre-heats the
supply air, but there is no
additional heating with a heating
coil or suchlike.

The reason for, choosing a rotary
heat exchanger for heat recovery
was the high heat recovery.
During the planning phase ideas
were developed to use the
supply air for space heating. An
investigation was carried out to
determine the best alternative,
warm air central heating or hot
water central heating.

A separate hot water central
heating sysiem was chosen
which s described under
Heating. To use the ventilation
system as a heat carrier was not
chosen as the costs were higher
for this alternative.

To minimize sound from the
ventilation system, sound
attenuators were installed. Sound
attenuators were installed after
the ventilation unit on the supply
side and additionally two in each
apartment. In a well insulated
airtight building, interior sound is
more noticeable as the sound
from outside is reduced.

Cooker hood ventilators (fan)
above the stove have been
installed in each apartment and
their own duct to the roof, so this
hot air does not get recycled.
This was done in order to reduce
the maintenance of the rotary
heat exchangerand the filters.

The supply air terminal devices
are located in interior walls close
to the ceiling.

When instaling the new
ventilation system, a fair amount
of new ducts were needed. The
floor area of the closets was
reduced to make space for shafts
for ventilation ducts. In the
apartments, ventilation ducts also
had to be installed below the
ceiling and built in.

Household appliances

The kitchens are furnished with
refrigerators and freezers by the
property owner. After renovation
all refrigerators and freezers are
of energy class A+.
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Integrated Building Performance

Ecological/Environmental
sustainability

The environmental impacts of the
different materials needed for the
energy renovation were
calculated and the parameters
“Total Primary Energy (CED)” in
KWh/mZa, the “Non-renewable
Primary Energy (NRE)" in
kWh/m?a and the “Global
Warming Potential (GWP)” in
kgCO,gy/m?a were analysed.
The result of this analysis is
shown in Figure 12.

The environmental impact of the
materials used for the energy
renovation during the lifetime is
approximately 40 % of the total
impact. The materials with the
highest impact are the expanded
polystyrene of the additional
insulation of the fagade, the
expanded clay added to the
crawlspace and the new
windows. Improvement of the
environmental is possible by
modifying these materials (see
under Description and analysis of
the LCIA results)

Economical sustainability

The actual costs have been
divided by the housing company

CED [kWh Am**y)l

NRE [KwWh [Im**y) GWP kg CO2-£q /|o"y}

into refurtsshment (143 mio
SEK) and erergy efficency
measures (3.75 mio). The actual
total costs are 18.1 mio SEK.

The investment costs consist of
standard-raising measures (6.0
mio SEK), operating cost
reducing measures (1.8 mio
SEK). Costs which are paid
directly are long due
maintenance (8.3 mio SEK) and
energy measures with low
profitability (1.95 mio SEK).

The payback time of the energy
savings is estimated to be 25
years. The housing company
mainly focus on the management
reguired yield ( profitability).

Rent (before): 694 SEK/m?/year
incl. space heating and dhw

Rent (after): 938 SEK/m?/year
incl. space heating excl. dhw

Yearly energy savings: 160
MWh or 112,000 SEK (83 SEK).

A LCC-analysis with different
assumptions is presented under
Description and analysis of the
LCC results.

Soclocultural sustainability

before and after the renovation,
the tenants perceive that

- Draughts from external walls
and windows, and cold floors
have been eliminated

- The room temperature is
more comfortable, although it
gets warm indoors at times in
the summer.

- Unpleasant odors and noise
levels have decreased

Only 4 out of 16 apartments were
occupied by the same tenants
after renovation. Some of the
tenants preferred to stay in the
apartments they were evacuated
to during the renovation. A likely
reason is the rent increase in the
renovated building.

Ecological/Environmental
Sustainability

Global Warming Potential
[kgCO,gy/m2a] 79

Total Primary Energy
[kWh/mZal 88

Non-rerewabie Energy

[CWhm®a| 285
According to a questionnaire
q Energy tota
8 Ventilation componentsy
’ JIVIR glazing
O Wood-metal window frame
™ Light concrete rock
expardied clay
¢ = Partiche bourd, cement
bonded
® Rockwool
‘ B Gypsum plasterboard
1 s 2
- & Thermad insulation plaster
0
2 B Expandied pobystyren (EP5)

Fgue 12 Enviroomental impac! of the renovaton
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Integrated Building Performance - Construction sustainability

Construction process

As for most of the energy saving
measures new materials were
added or replaced existing ones.
For a building which mainly
consisted of prefabricated
elements, demolition should be
fairly straightforward.

The renovation project was
started in 2008 with a pilot study,
that lasted five months. The
following step was an evaluation
using LCC analysis. Then
followed the actual design work,
which lasted six months, during
which new LCC analysis were
made. At the end of the design
phase the design was approved
at a board meeting of Bostads
AB Poseidon. In April 2009, the
actual construction work started
and lasted for six months. After
the scaffolding was erected, the
entire building was covered by a
tent. This ensured that most of
the construction could be carried
during dry conditions avoiding
moisture problems.

The tenants were evacuated
during the construction phase.

The energy efficency measures

Figure 13 Rencvadion under & lent

were developed in close
cooperation between the
consultants, the main contractor
and the loose fill insulation
contractor etc..

A reference group with Lund
Technical University, Chalmers

Technical University was
consulted during the design
work.

The Technical Research Institute
of Sweden evaluated moisture
consequences of the renovation.

Building material

The recyclability of the chosen
building material was not
considered and not analyzed in
detail.

An internal directive (of Bostads
AB Poseidon) was applied, which
calls for phasing out health and
hazardous materials above
certain levels of content when
renovating or rebuilding existing

buildings. Examples of
hazardous materials are:
bromined external flame

refardants, phthalates, copper
and PVC

All construction products used for
the rencvation were preducts
that meet BASTA's properties
criteria. The aim of the BASTA
system is to phase out
substances  with  particularly
hazardous properties  from
construction products. BASTA is

Swedish database with
sustainable construction
materials.

Special aspects of
sustainability in the

construction

The replacement of more short-
living component layers without
destroying the more long-living
components is an aspect that
has to be considered. During the
construction or renovation phase
it is recommended to integrate
predetermined breaking points.

The construction of the fagade
shows a special aspect of
sustainability regarding
separability and dismantling. The
new insulation elements were
fixed on the existing building
where the old exterior concrete
hasnt been removed. This
concrete can now be seen as a
predetermined  breaking  point
between the wall and the
insulation. While removing the
insulation the wall cannot be
destroyed since the exterior
concrete acls as a protective
layer
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Performance Data

Monitoring system

Before renovation, the following

parameters were monitored:

= Exhaust air temperature of
cach apartment

- Cutdoor air temperature

- Energy use for heating ie.
sum of district heating for
space heating and dhw for a
group of similar buildings
(12,500 m*)

- Property electricity

- Household eleciricity (not
publc)

After renovation, the following

parameters were monitored:

* Exhaust air temperature of
cach apartment

» Outdoor air temperature

* Energy use for heating Le.
sum of district heating for
space heating and dhw

* Property clectricity

= Heuseheld electricity {(not
available without permit from
the tenants)

* Domestic hot water of each
apartment

*  Water consumption

* Temperature efficiency of
rotary heat exchanger

The following parameters are
included in the building
automation system:

« Exhaust air temperature

* Temperature efficiency of air-
to-air heat recovery

* Outdoor air temperature

The ventilation
monitored and
detail.

system is
controlled in
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Figure 14. The enargy use bafore and aler rencvation. BBR2012 is the
buiiding code requivemant for new consinuchion

Energy consumption

The detaled monitering of the
bullding was started in 2010.

The yearly energy savings
thanks to reduced energy losses
and individual metering of
domestic hot water was
calculated to be 132 MWh or 98
KWh/m? for space heating and
domestic hot water heating. The
monitored reduction was 168
MWh or 116 kWh/m?2.

After renovation the use of facility
electricity has not increased in
spite of more fans. The reason
for this is the installation of
energy efficient fans and energy

efficient lighting in common
spaces.
The Swedish building

code

[The Swedish National Board of
Housing, Building and Planning]
Boverket's Building Regulations

Regulations consists of
regulations and
recommendations for
construction projects in Sweden
In the chapter of energy
management, there is a

description of Sweden’'s three
different climate zones. The
division into different zones are
due to the relatively big
difference in temperature when
comparing north and south. The
zones have their varying building
specific  energy usage, This
project is built in the mildest zone
and therefore needs to meet the
requirement of 90 kWh/year/m?.
In principle the energy
requirements of the current
building code have to be fulfilled
for a renovation, but a renovation
should be economically sound
and features of interest have to
be considered such as to
preserve  architecturally and
historically.

Annex 56
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Improvements & Co-benefits

9 )| New district heating substation P
';:’-, -;4: Thin wall plastering of facade P P
-9

5 = Windows replacement P P P
-E EP Insulation of entire building envelope P P P P
g E, Replacement of heating system P
L3 MVHR systems P P PN
5 Windows replacement P P P
-E Insulation of entire building envelope P P P P
g Replacement of heating system P
3

Windows replacement P P P
[ Insulation of entire building envelope P P P P P
%’ Solar protection glazing P
& Glazing of balconies P
_§ Replacement of heating system P
E MVHR systems P PPN
::j New lighting in common areas P
3

; - Negative Effect
Improvements - Safety doors for the
apartments

Besides energy efficiency
measures  the  renovation - New  extended  glazed
involved several other balconies, which also reduce

improvements. Examples are:

- New water and sewage
systems installed instead of
the old ones

- Hot water circulation installed

- New electrical installations
made instead of the old on

- Bathrooms and kitchens

renewed

- Change to parquet floor in
living rooms and bedrooms

- New surface finish in

apartments

the thermal bridges

Co-benefits

Several of the energy efficiency
measures also result in other
benefits.

The main co-benefits are:

- Draught, important aspect of
thermal comfort, is almost
eliminated thanks to the
insulation of the entire
building envelope and new
windows that reduced air
leakage.

EBC &)
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The main co-benefits are:

- Thermal comfort is improved
by the increased operative
temperature thanks to the
above mentioned
improvement.

- Thermal comfort is improved
by the improvement of the
thermal insulation of the
building envelope, the
reduction of air leakage and
the installation of mechanical
supply, which to some extent
pre-heats the air,.

- External noise is reduced by
the added thermal insulation
and the improvement of air
leakage.

- Indoor air quality is improved
by the installation of balanced
mechanical ventilation.

- Appearance of the exterior of
the building is improved by
the additional thermal
insulation with thin plaster on
the facade.

- The exposure to energy price
fluctuations is improved by
the substantial reduction in
energy use.

Key notes — improvement

The building was improved in
many ways and almost achieved
the standard of new low energy
housing.

Annex 56
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Methodology

The alternative o demalish the
butldings and to budd a new cne
was considered, but  not
considered politically realistic as
there is a severe lack of
apartments in Goéteborg. Besides
it constituted as a pilot project for
energy renovation, to gain
experience for future
renovations.

Three different renovation
packages are developed,
analyzed and assessed. Those
range from the minimum
required renovation measures, to
the high thermal insulation of the
building envelope, right up to the
high performance renovation of
the building i.e. the renovation
package 3 which was realized.
The other two renovation
packages were developed after
construction of package 3, to
compare this with less ambitious
renovation measures.

Different heating alternatives are
evaluated for package 1 and 2:
oil, gas, electricity, district
heating based mostly on
renewables.

Renovation package 1

The objective of renovation

package 1 is to fulfil only the

minimum requirements of the
Swedish building code BBR
2012 for new construction.
These minimum requirements
concern the building's energy
use, that, in normal use during a
reference year, needs to be
supplied to a building (often
referred to as “purchased
energy”) for heating, comfort
cooling, hot tap water and the
building's facility energy.

In the renovation package the U-
values the building envelope
(exterior walls, roof, floor and
windows) is improved and
mechanical ventilation with heat
recovery (cross flow heat
exchanger) is installed. New
thermostatic radiator valves are
installed.

Renovation package 2

In renovation package 2, the
building has the same U-values
as the real renovated building in
renovation package 3.

The difference between
renovation package 2 and 3 is
that renovation package 2
includes no heat recovery untt on
vertilation. The resulls in terms
of energy, LCA and costs are

EBC &
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similar to renovation package 1
Renovation package 3

Renovation package 3
represents the actually realized
renovation of the demonstration
building, and is the most
ambitious one, with questionable
profitability, if the owners yield
requirements are applied.
Assuming less stringent vyield
requirements result in the lowest
LCC. This renovation package
also results in the lowest energy
use and global warming
potential.

The realized renovation of the
building includes substantial
improvement of the thermal
insulation of the building
envelope with e.g. new triple-
pane low energy windows with a
light solar protection glazing.

A new mechanical balanced
ventilation system with rotary
heat exchangers were installed.

To reduce the use of hot water
individual metering was installed.

The buliding was already
cornected to district heating,

based on B81 % rencwable
energy, and using green
electricity.

Annex 56
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Comparison of renovation measures
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Description and analysis of
the LCC results

Bostads AB Poseidon made
several LCC calculations of their
own. Their main goal has been to
determine cost efficient
renovations with focus on
lowering the annual costs.
Therefore the focus on lowering
carbon emissions and other
environmental benefits was not
of highest priority.

For their LCC calculations the
housing company had the
following requirement: cost of
capital is 5,75%, inflation rate is
2,25%, LCC-period is 30 years
and yearly increase of energy
cost of 2%.

14

These requirements are different
from the assumptions made
here. The annual cost
calculations are based on a
LCC-period of 60 years, inflation
rate is 0%, cost of capital of 3 %,
yearly increase of energy cost
by 0 %.

The price for district heating
varies over the year, however for
the calculations an vyearly
average price was used i.e.
weighted according to the
monthly variation in energy use.
District heating (0.076 Euro/kWh)
is year 2014 the cheaper energy
carrier compared with oil (0.14
Euro/kWh), natural gas (0.084

Euro/kWh) and electricity (0.12
Euro/kWh).

The reference case includes air
tightening and thin wall plastering
of the fagade, a new district
heating substation, and dhw
recirculation, which are for
maintenance reasons, but only
have minor effects on the energy
use. The fagade renovation
includes scaffolding, which is
also needed for all the renovation
packages.

The highest investment cost and
lowest annual cost occur for
renovation package 3 (s3), which
is the realized one.

As long as district heating is
considered all renovation
packages result in lower annual
costs.
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Description and analysis of
the LCIA results

The analysis was made using
Eco-Bat 4.0, which included
embodied energy
(manufacturing, replacement and
elimination) of the materials used
for renovation. Transportation
was however not included. The
only adaptation of Eco-Bat was
the inclusion of Swedish district
heating, from Goéteborg with 20
% fossil fuel use. The used
figures for energy use are a
combination of measured and
calculated results. The life span
of the building after renovation
was assumed to be 60 years.
Some of the energy renovation
packages slightly increased the
non-renewable use of primary
energy compared with the
reference case. All energy

renovation packages reduce the
final energy use, the total use of
primary energy and the global
warming potential. If
environmentally friendly
materials were used for
renovation, which was not the
case, for the actually realized
renovation package the total use
of primary energy is reduced by
9 % and the use of non-
renewable primary energy will be
reduced by 12 %. Hence it is
important to choose the right
materials.

Renovation package 2 has the
lowest primary energy use of all
renovation packages, although
the difference is small i.e.
assuming district heating. This
can be explained by lower
embodied energy due to no
renewal of the ventilation system.
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The reference case and the
executed renovation are based
on district heating, which applies
to 91 % of the multi-family
building built been 1961 and
1975. 2 % of buildings use
electricity, 1 % gas and 0.3 % oil.
The use of primary energy and
the global warming potential are
much higher for those
alternatives.



Summary and conclusion

The rencvation was necessary
due to wear and tear. The
renovation resulted in substantial
improvements of the standard of
the building, and a substantial
reduction in energy use, 65 %,
while keeping a similar
architectural appearance,
however, with a different color.
The standard improvements
included new installations, new
bathrooms and kitchens, and
new surface finish. The energy
saving measures included added
thermal insulation to the entire
building envelope, low energy
windows, installation of
ventilation heat recovery and
individual metering of dhw.

The tenants have appreciated
the improvements in thermal
comfort, indoor air quality and
noise climate.

According to the owner the
energy efficiency measures have
not been profitable. Given the
rather stringent yield
requirements of the owner
(profitability requirement of 6.25
%, energy pnrce increase

according to inflation) only half of

16

the energy investment will pay
pack.

However, if energy efficiency
measures which improve the
indoor climate  could be

considered as standard-raising
and allow a rent increase the
profitability would be reasonable
even with the stringent vyield
requirements.

Major energy renovations make
sense only in buildings which
need a major renovation. The
profitability of renovations
increases for bigger multi-family
buildings and if many buildings
can be renovated at the same
time here.

The owner has therefore
continued with similar energy
renovations of five tower blocks
of the same type in the same
area. An additional feature is
adding two floors on the roof.
This way the profitability
requirement of the owner will be
met.

However. with a 60 year
perspective the reakzed pliot
renovation package s profitable
and good for the environment.

2

Figure 15 Vertical densficabon in angoing foliowing renovahions of Backa rod
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Practical experience

For the building owners the
energy renovation was not
profitable in this pilot project.

However, for the following
identical buildings to be
renovated the profitability

requirement will be met thanks to
a high number of buildings and
by adding two floors on top of the
building.

The interior deep renovation
necessitated evacuation of the
tenants. Only 25 % of the tenants
moved back after the renovation,
but no apartments are
uninhabited.

Shortly after the renovation was
finished, it was discovered that
there was an unnecessary
increase of the supply air along
the supply ducts. This was due to
uninsulated supply ducts, so the
ventilation system needed to be
re-adjusted.
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