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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
EconomicCo-operation and Development (OECD) to implement an international energy programme. A basic aim
of the IEA is to foster international emperation among the92EA participating countries and to increase energy
security through energy research, developra@at demonstration in the fields of technologies for energy efficiency
and renewable energy sources.

The IEA Energy in Buildings and Communities Programme

The IEA coordinates international energy research and development (R&D) activities through almrawme
portfolio of Technology Collaboration Programmes. Thission 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 healthigw emission, and sustainable buildings and communities, through innovation and
research. (Until March 2013, the IEBBC Programme was known as the Energy in Buildings and Community
Systems Programme, ECBCS.)

The research and development strategies ofEBeEBC 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 IEBBC aim to exploit technological opportunities 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:

i Integratedplanning and building design

i Building energy systems

i Building envelope

i Community scale methods

i Real building energy use

The Executive Committee

Overall control of the IEAEBC Programme is maintaideby 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 establighmukgss to the IEABC
Implementing Agreement. At the present time, the following projects have been initiated by tB8EEBxecutive
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 Commities (*)

Annex 7: Local Government Energy Planning (*)

Annex 8: Inhabitants 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:
Annex 17:
Annex 18:
Annex 19:
Annex 20:
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:

BEMS 1- User Interfaces and System Integration (*)

BEMS 2 Evaluation and Emulain Techniques (*)

Demand Controlled Ventilation Systems (*)

Low Slope Roof Systems (*)

Air Flow Patterns within Buildings (*)

Thermal Modelling (*)

Energy Efficient Communities (*)

Multi Zone Air Flow Modelling (COMIS) (*)

Heat, Air and Moisture Transfer in Envelopes (*)

Real time HVAC Simulation (*)

Energy Efficient Ventilation of Large Enclosures (*)

Evaluation and Demonstration of Domestic Veattdn Systems (*)

Low Energy Cooling Systems (*)

Daylight in Buildings (*)

Bringing Simulation to Application (*)

EnergyRelated Environmental Impact of Buildings (*)

Integral Building Envelop®erformance Assessment (*)

Advanced Local Energy Planning (*)

ComputerAided Evaluation of HYAC System Performance (*)

Design of Energy Efficient Hybrid Ventilation (HYBVENT) (*)

Retrofitting of Educational Buildgs (*)

Low Exergy Systems for Heating and Cooling of Buildings (LowEX) (*)

Solar Sustainable Housing (*)

High Performance Insulation Systems (*)

Building Commissioning to Improve Energy Performance (*)

Whole Building Heat, Air and Moisture Response (MOIBNG) (*)

Simulation of Buildinglintegrated Fuel Cell and Other Cogeneration Systems (FC+CC&RHEIN(*)
Testing and Validation of Building Energy Simulation Tools (*)

Integrating Environmentally Responsive Elements in Buildings (*)

Energy Efficient Electric Lighting for Buildings (*)

Holistic Assessment Todit on Energy Efficient Retrofit Measures for Government Buildings (*)
CostEffective Gommissioning 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 Renovationesiéential Buildings (*)
Energy Efficient Communities (*)

Towards Net Zero Energy Solar Buildings

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

Integration of MicreGeneration & Related Enerdyechnologies in Buildings
Reliability of Energy Efficient Building Retrofitting Probability Assessment of Performance & Cost
Cost Effective Energy & CO2 Emissions Optimization in Building Renovation
Evaluation of Embodiediergy & 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 Coputational 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

LowEx Communities- Optimised Performance of Energy Supply Systems titergy Principles
Long-Term Performance of Supérsulation in Building Components and 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
Energy Epidemiology: Analysis of Real Building Enetdye at Scale

Building Energy Performance Assessment Based itlnMeasurements
Assessing Life Cycle related Environmental Impacts Caused by Buildings



Annex 73: Towards Net Zero Energy Public Communities
Annex 74: Energy Endavour
Annex 75 Costeffective building renovation at district level combining energy efficiency and renewable

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 Nesidential Buildings



Introduction

Buildings are responsible for a major share of energy use and have been a special target in the
global actions for climate change mitigation, with measures that aim at improving their energy
efficiency, reduce carbon emissions and increase renewable energy use.

The IEA-EBC project "Cost-Effective Energy and Carbon Emissions Optimization in Building
Renovation" (Annex 56) intends to develop the basics for future standards, which aim at
maximizing effects on reducing carbon emissions and primary energy use while taking into
account the cost-effectiveness of related measures. The methodology integrates a life cycle
perspective with an environmental Life Cycle assessment (LCA) methodology next to a Life
Cycle Cost (LCC) assessment. The LCA methodology is used in order to be able to quantify the
so-called embodied primary energy and embodied carbon emissions due to the manufacturing,
replacement and end-of-life (e.g., disposal or recycling) of construction materials and building
integrated technical systems (BITS) added during a building renovation.

The embodied energy and embodied carbon emissions of renovation measures originally
represent an increasing share of the remaining overall primary energy use of buildings for new
construction. The increasing building renovation towards nearly zero energy building standard is
expected to lead to a relative increase of embodied energy and embodied carbon emissions. It
is thus important to take these notions int

Objectives and contents of the LCA report

This report presents the Life Cycle Assessment (LCA) methodology, its implementation on six
European case studies, the related results and some recommendations related to LCA and the
inclusion of embodied energy in building renovation. This LCA report comprises the following
parts:

1 the LCA methodology for energy related building renovation;
I the implementation of the LCA methodology in six case studies;
I the conversion factors used for primary energy and carbon emissions in the case studies

I the analysis of embodied energy and embodied carbon emissions influence in case
studies results;

I recommendations to policy makers and building owners.

vi



Life cycle assessment (LCA) for energy related building renovation

The LCA methodology developed in this project only includes processes with a relevant
contribution to the total environmental impacts of renovated buildings which can be put into
practice with a reasonable effort. Main focus is the integration of embodied energy and related
carbon emissions in the assessments of operational energy use.

Functional unit: In LCA, according to the ISO 14040, t he &6 f u n cis defined ds the
guantification of the performance of a product system, and specifies that is used as the
reference unit for the LCA and any comparative assertion. It has a quantity (e.g. 1 m?), a
duration (e.g. O6maintaining the function
t her mal resistance of 2 m)] / W. Ko jalso défihed in the
15978 standard (2011) and denotes the technical characteristics and functionalities of the
building that is being assessed. In practice, units and target values for energy use and
carbon emissions in this LCA methodology are expressed in MJ/m?a or kWh/m?a and kg
CO,-equivalents per m%a (kg CO,./m?a). So, in this project, all results are expressed per
unit of surface area per year after having divided the LCA results calculated for the
reference study period of the building.

System boundaries: LCA shall be integrated in the assessment and in the optimization of
renovation measures. The Life Cycle (LC) impacts of renovation packages are determined
by comparing them with the LC impacts of a corresponding renovation solution which occurs
«anyway» and which aims at restoring full functionality of the building not improving energy
efficiency yet. Hence only LC impacts of measures that affect energy performance of the
building are considered (thermal envelope, building integrated technical systems (BITS),
energy use for on-site production and delivered energy). Thereby this LCA methodology
only includes the operational and embodied energy use and related carbon emissions.

Temporal System boundary: The temporal system boundary for LCA comprises the different
stages of the life cycle of building renovation measures (see Figure 1). At least the green
stages from Figure 1 are supposed to be taken into account for life cycle assessments in
this project. Generally, the time range for LCA (reference study period) should comprise at
least the service life time of the building elements with the longest service life. In addition, it
is suggested to use a study period of 60 years and to report it if a different period is used.

Physical system boundary: The physical system boundary for LCA defines the materials and
energy fluxes which must be taken into account for the LCA. The main impacts stem from
construction elements and building integrated technical systems (BITS). The construction
elements consist of one or more materials. The BITS consist of components (boilers,
pumps, etc.) which are made of materials. In addition, these components use one or more
energy vectors. The LC impacts are caused by envelope materials and/or BITS components
which are added or replaced by energy related renovation measures as well as by
operational energy use of BITS during building operation to deliver the expected energy
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services (heating, cooling, DHW production, etc.), without accounting for those elements
which would be replaced anyway.

Figure 1
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Calculation rules for the operational energy use: The LCA for the operational energy use
comprises the following mandatory energy services:

I Heating;

i Domestic hot water (DHW);

I Air conditioning (cooling & (de)humidifying);
I Ventilation;

1 Lighting;

I Auxiliary (pumps, control devices, etc.);

I Integration of energy use from common appliances and home appliances e.g., the white
appliances remain optional, it can be included but has to be reported and documented in
a transparent way.

In this LCA methodology, the on-site produced energy is in priority allocated to the building
related energy use to comply with EN 15978 (2011), the rest being allocated to the non-building
related energy use. Similarly, while an hourly approach is probably the most accurate according
to the findings of the IEA Task 40/Annex 52 project, the current energy codes or regulations do
not require it as a compulsory approach. In this project, the calculation rules for the LCA are
thus based on the energy needs calculated with a steady state approach, determining yearly
energy demand as building energy codes and labels only calculate the energy consumption and
on-site generation on an annual balance.

Calculation rules for the construction materials and BITS:

Elements to include: The system boundary to perform an LCA of a renovated building
should include the following elements:

I The materials added for energy related renovation measures of the thermal envelope of
the building;

I The materials added for energy related renovation measures for the building integrated
technical systems (BITS), including on-site energy generation units (PV, solar thermal,
etc.);

I The materials added to provide the same building function before and after renovation.

Service life and replacement: The service life is defined as the time during which a
building component (construction element, BITS component (boiler, etc.)) fulfils its function.
At the end of its service life, the component must be replaced. Not all layers (materials) of a



building element are replaced at the same time, some are never replaced (e.g., the bearing
structure).

I Some heavy layers are part of the element structure but might still be replaced during
the life cycle of the building.

i A material placed between two layers of the envelope structure will have the same
service life as the layer with the shorter service life.

i If a construction element is designed to make it easy to replace some internal parts, only
the replaced material is taken into account for the assessment.

Hence, the service life of materials depends on the type of construction element (wall, floor,
roof, etc.), the situation of the construction element (against ground, exterior and interior)
and the position of the material layer within the construction element.

Figure 2 presents the different aspects that need to be included in the LCA of a renovated
building.

Home appliances L) not considered
(Oven refrigerator, computers TV, X) J in Annex56
Common appliances W _ Optional
(lifts, escalators etc.) in Annex56
(documented
Energy used by the technical building systems after renovation Heating
During the reference periodf the study Deriasie [k weiEr
Air conditioning(cooling (de)humdifier)
Materials added and replaced during the reference periofithe Ve'ntila}tion
study for energy related renovation measures of Lighting
the building thermal envelop Auxiliary (pumps control, X)
Materials added and replaced during the reference periofithe . -
study for energy related renovation measures of Materials for the building thermal envelop
the building integrated technical systems (windows thermal insulationX) _Mandatory
in Annex56
Materials replaced to provide the same function
(balcony cladding X)
Materials for energy production and distribution
(Boiler, PV panelsbore-hole, pipes radiators X)

Figure 2  Aspects to be included in the LCA of renovated buildings: materials for the building envelope
and for the BITS and the operational energy use



Environmental indicators: the number of indicators used in this project has been limited to the
three following indicators:

i Total Primary Energy (PE,). It represents total primary energy used, renewable or not
including feedstock (e.g., materials produced from crude oil, plastic products, wood
products) and process primary energy. It includes the non-renewable part (fossil,
nuclear, primary forests) as well as the renewable part (hydro, solar, wind, biomass). In
this project, PE; is expressed in [kWh]1.

I Non-renewable Primary Energy (PE,,). It represents the non-renewable part of the
total primary energy, i.e the non-renewable primary energy used including feedstock
(e.g., materials produced from crude oil, plastic products) and process primary energy. It
indicates the depletion of non-renewable energy sources (at a human scale), such as
fossil fuels, nuclear resources and primary forests. PE,, is also expressed in [kKWh].

I Carbon emissions. This indicator is related to the emissions of greenhouse gases. It is
not measured in an absolute unity, because each gas has a different global warming
potential on the greenhouse effect (for the same quantity). In this project, their potential
is compared to the CO, used as reference for a period of 100 years. This indicator is
expressed in [kg- CO,J2.

Reference study period:

Cost and LCA are carried out on the basis of a chosen reference study period, for which all
contributions of materials and energy consumed are calculated. Therefore, the reference period
has an important and direct influence on the results. It should be noticed, that the number of
energy related renovations during the building's life is limited. The more the building achieves
low energy consumption after renovation, the less a major energy related renovation will be
undertaken in the future. It is impossible to know, which materials will be used to replace the
energy related construction material in the future. It is also impossible to know which future
energy vectors will be used when the boiler will be replaced (in about 30 year). In that context,
the reference study period should be equal or longer than the service life of the energy related
building components analysed in order to avoid any misinterpretation of the results. Therefore, it
is suggested to use a reference study period of 60 years. If another reference study period is
used, it should be reported and documented.

litis likely thatnot all countries have primary energy data included fossil, nuclear and primary forests. In that case, adapifation of
cycle inventory and LCAdata from existindife cycle assessmermtatabases (e.g., the ecoinvent v3 datapaseld be a solution to
derive country-specific datawith the different types of primary energy as defined in this project

2The reader should notice that the labell.i ng of t hi sthidpnofeét.c at or i
However, this inicator quantifies the equivalent G@missions in the same way as did the greenhouse gases emissions indicator e.g.,
used in the IEA EBC Annex 57 project.
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Implementation of the LCA methodology in building renovation case studies

The LCA methodology was implemented in six case studies of multi-family residential buildings
located in Austria, Czech Republic, Denmark, Portugal, Spain, and Sweden. Case studies
represent residential and non-technical office buildings (not having air conditioning). All these
case studies have renovation measures for both the envelope and the BITS while a few of them
integrate also renewable energy systems (e.g., use of PV panels). Table 5 presents a brief
overview of these case studies.

Table 1: Overview of case studies used for the LCA

Building Year(s) of  Year(s) of

. , GHFA3
type construction renovation
Johann-
Multi-family
| Bohmstralle, 19607 1961 20127 2014 2845 m?
building
Kapfenberg
Kaminky 5, Elementary
1987 20097 2010 9909 m2
Brno School
Traneparken,  Multi-family
1969 2011-2012 5293 m3
Hvalsg Building
Neighborhood = Two-family
1953 2012 123 m2
RDL, Porto Building
Lourdes
Multi-family
Neighborhood, 1970 2011 1474 m2
Building
Tudela
Backa rod, Multi-family
1971 2009 1357 m?

Gothenburg Building

3 Gross Heated Floor Area (GHFA) after the renovatibithe building
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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 developed methodology including the Life Cycle Assessment (LCA)4.

For the case studies, each partner defined 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 preparation (fossil fuels and renewables) as well as different ventilation
situations (mechanical and natural) in the considerations.

The reference case include only renovation measures which have to be carried out anyway.

Therefore the reference case is name d as filany wa Yheny then iovesdigateco n 0 .

renovation packages are named in further consegq

package v20 and fArenovation package v3ocariedher e

out. More detailed information about the description of the different renovation measures of
each country can be found in the findings and conclusions of the case studies report (Venus et
al, 2015) 5.

Embodied energy and embodied carbon emissions results from case studies

The LCA of each renovation package and each case study was evaluated according to the total
carbon emissions, the Non-Renewable Primary Energy (NRPE) and the total Primary Energy
(PE) indicators. The analyses focus on the relevance of including embodied energy and
embodied carbon emissions in each renovation measure.

In this study, the following questions were addressed:

I How much operational primary energy and carbon emissions is saved compared to the
additional embodied primary energy consumption and carbon emissions?

i The operational primary energy and carbon emissions6 savings compared to embodied
primary energy consumption and carbon emissions

4 More information tathedewelopedmethodology can be found on the official IEA EBC Annex 56 website:
http://www.ieaannex56.org/

The Methodology report can be downloaded here:
http://www.ieaannex56.org/Groups/GroupltemID6/STA_methods_impacts_report.pdf

S For a detailed description of the renovation scenarios (v1, v2, and v3) for each case study, please look@Hpages

6carbon emissions refer in |EA EBC Annex 56 to the greenhouse
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http://www.iea-annex56.org/
http://www.iea-annex56.org/Groups/GroupItemID6/STA_methods_impacts_report.pdf

1 Does the integration of embodied energy and embodied carbon emissions in the
calculations change the choice of the optimal renovation concept for the carbon
emissions, primary energy (total) and primary energy (non renewable) indicators?

The choice of these research questions was motivated by the scope of the project i.e., the
determination of cost-effective building renovation packages using a methodology integrating
not only the operational primary energy and carbon emissions but also the embodied energy
and carbon emissions due to the construction materials and BITS. In that specific context, the
influence of integrating the embodied energy and embodied carbon emissions of materials for
the envelope and for the BITS needs to be analyzed.

Indeed, in this chapter two hypotheses related to the influence of embodied energy and carbon
emissions were assessed and validated. These hypotheses are:

The operational savings are higher than the additional embodied energy and
embodied carbon emissions in any cost-effective renovation measures.

The integration of embodied energy and embodied carbon emissions does not
change the cost-effective renovation packages.

As an illustration of all the results, the next figure presents the results without including
embodied carbon emissions and with embodied carbon emissions (results represented with a
black edge), for the different renovation packages of the six case studies.
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Figure 3 Comparison of calculations for the six case studies, without including embodied carbon
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the different renovation packages
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Global results show that the inclusion of embodied energy and carbon emissions in the Annex
56 methodology does neither change the cost-effective solutions nor the best renovation
packages in terms of total primary energy (TPE), non-renewable primary energy (NRPE) and
carbon emissions.

Based on these results, for all the cost-effective renovation measures of each case study, the
operational savings where compared with the embodied energy or embodied carbon emissions.
As an illustration, Figure 4 presents the results for the particular case of Sweden were four out
of nine renovation packages were cost-effective.
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Figure 4 Comparison of operational carbon emissions and total primary energy savings and additional
embodied carbon emissions and total primary energy for the cost-effective solutions of the
Swedish case studies; the negative bars represent the operational savings while the positive
bars represent the additional embodied energy and embodied carbon emissions

Similar results can be retrieved from all case studies and are presented in details in the
following report. Finally, summary of findings are presented below:

1. The operational savings of the energy related renovation measures assessed are
higher than the additional embodied energy and embodied carbon emissions in
any cost-effective renovation measures.

2. The integration of embodied energy and embodied carbon emissions of the energy
related renovation measures assessed does not change the cost-effective
renovation packages. It only reduces the achievable savings.
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In addition, the payback times for the initial embodied energy and embodied carbon emissions
(i.e., for the manufacturing of construction materials and BITS) is rather low and is about 1 to 12
years in all the cost-effective renovation measures’. As a result, the initial hypotheses related to
the influence of embodied energy and embodied carbon emissions were verified for all cost-
effective solutions.

The integration of LCA in the Annex 56 methodology enables to adopt a life cycle perspective in
energy-related building renovation by taking into account not only operational energy but also
embodied energy and embodied carbon emissions related to the manufacturing, replacement
and end-of-life (e.g., disposal or recycling) of construction materials used for the envelope and
BITS.

Embodied energy and embodied carbon emissions are not found very influentialint he pr
building renovation case studies® because of the focus towards cost-effective renovation
solutions (in other words, the cost-ef f ecti ve solutions Al imit
energy). However, these results do not mean a LCA approach is not relevant for building
renovation. In fact, it is now well accepted in Europe that the primary energy and carbon
emissions optimization for both new and existing buildings should be done using a life cycle
perspective. This perspective is particularly valid for nearly zero carbon emissions or nearly zero
energy renovation, for which the relative contribution of the embodied energy or embodied
carbon emissions is likely to rise as far as the renovation becomes significant®. Indeed,
generally speaking, an optimum where the operational energy use reduction balances the
increase of the embodied energy use can be determined.

Recommendations for policy makers

In that context, LCA will be in the near future more and more used in public policies to support a
sound implementation of energy efficiency measures.

To date, LCA is already linked to some EU regulations related to the environmental impacts of
building products and technical systems. The existing Construction Products Regulation (CPR)

oj ect

contains additional Basic (Wor k) Requirements (BWR), particul

7 It should be highlighted that this payback time only captures the initial embodied energy and embodied carbon emisasibtethelat

manufacturing. In that sense, it does not accounthHerrecurring embodied energy and embodied carbon relatdéd taplacement
of components over the service life of the building.

8 This resultcan be explained by the limited scope of the LCA system boundaries only taking into account the materials and BITS than

have an influence on the energy performance of the buildihigs choice does not consider in the embodied energy and embodied

carbon emissions the other possible replacement of materials (interior walls, floor coatings etc.) and BITS (e.g., sa@tacyria
equipment)

9 However, inopposite, the measures aret sure to remain cogfffective
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to BWR 3 (hygiene and health) and the new BWR 7 (Sustainable use of natural resources),
st at i nBEnvironmental Pfoduct Declaration (EPD) should be used when available for the
assessment of the sustainable use of resources and of the impact of construction works on the
environmento (CPR 2011). In this last example, LCA is used as the basis for product
assessments, and especially in providing Environmental Product Declaration (EPDs), which
form an important data source in Europe for building LCA studies both new or renovation
projects according to the EN 15804 and EN 15978 standards.

In that context, it becomes clear that LCA is more and more used as a policy instrument at
different levels (products and buildings). The next step is to integrate it in energy efficient
related policies for buildings. For instance, LCA can contribute to switch from the limited scope
within the recast of the Energy Performance of Building Directive (EPBD) of the European
Unionl0 (assessment of the operational energy use) towards a broader scope (life cycle

perspective -tofgrroam e r aachlde a br oader set of envi

building renovation projects.

The recent European Commission Communication on Sustainable Buildings is clearly promoting
the alignment of energy efficiency policies with LCA related aspects mentioning that:

i kKsting policies for promoting energy efficiency and renewable energy use in buildings need to
be complemented with policies for resource efficiency which look at a wider range of
environmental impacts across thelife.cycl e of buil dingsd (European

As a result, the following recommendations to policy makers can be drawn for the integration of
LCA in building renovation policies.

10 European Parliament and Council of the European Union (2010) Directive 2010/31/EU of the European Parliament and oflthe counc

of 19 May 2010 on the energy performance of buildinrgsdst)

Commission [Rlegated Regdation (EU) No 244/2012 of 16 January 2012, supplementing Directive 2010/31EU on the energy
performance of buildings, establishing a comparative methodology framework for calculatirgptiosdl levels of minimum energy
performance requirements for buitdjs and building elements;

Directive 212/2/EU of the European Parliament and of the Council of 25 October 2012 on energy efficiency, amending Directives

2009/125/EC and 2010/30EU and repealing Directives 2004/8/EC and 2006/32/EC;

European Commission, Uelines accompanying Commission Delegated Regulation (EU) No 244/2012 of 16 January 2012,
supplementing Directive 2010/31/EU of the European Parliament and of the Council on the energy performance of buildiggs, 2012
115/01;

European Commission, Guideés accompanying Commission Delegated Regulation (EU) No 244/2012 of 16 January 2012,
supplementing Directive 2010/31/EU of the European Parliament and of the Council on the energy performance of buildiggs, 2012
115/01;

European Commission (2011), M&@&d Document for the Expert Workshop on the comparative framework methodology for cost
optimal minimum energy performance requirements In preparation of a delegated act in accordance widhTArERD6 May 2011

in Brussels;
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General recommendation for the use of LCA in building renovation (policy makers):

1) If the goal is to increase the energy efficiency of a renovated building, new policy in the field
should include a life cycle perspective to require the assessment, next to the operational
energy use, the embodied energy and embodied carbon emissions. By doing so, the
upcoming policies will contribute to globally minimise the primary energy or carbon
emissions of energy-efficient renovation measures.

2) If a LCA is to be promoted in the new policy, precise rules should be developed using the
best practice e.g., available LCA database, LCA methodology (e.g., detailed in technical
reports or standards) and LCA target values for renovated buildings1?!

Recommendations for professional owners

The previous recommendations for policy makers are also relevant for professional owners.
Indeed, once public policies will integrate LCA as a basis of the new assessment framework for
a building renovation, professional owners will be likely to use it as part of their decision making
tools.

In line with the other IEA EBC parallel project (Annex 57), further recommendations can be
drawn for decision makers like the professional owners (Lutzkendorf et al, 2016). They may be
interested to reduce the embodied energy and embodied carbon emissions of their renovation
measures.

Materials and BITS choice to reduce embodied energy and embodied carbon emissions

They should also use construction materials and BITS during a renovation with a minimum
embodied energy and embodied carbon value. This choice should be verified by taking also into
account the operational energy consumption. This life cycle perspective allows appropriate
renovation strategies to be implemented by the professional owners.

Tools for the assessment of materials choice

More and more assessment tools are developed to link embodied energy with operational
energy use enabling to identify trade-offs and finally select the most appropriate renovation
measure in terms of primary energy or carbon emissions (Passer et al, 2016). Professional
owners are recommended to use the existing web-based and software tools that can be used at
different stages of the design process to assist them in this task. Some tools combine both a
3D-modeling of the building, an energy calculation and a LCA. The tools can also integrate the

11 For instance, in Switzerlandiatabase (KBOB), methodology and tools (e.g., the SIA 2031, SIA 2032, SIA 2039 and SIA 2040
technical books) and target values (available in the SIA 2040 target values) allow a practitioner to address this redommendat
Similar tools and methodologiese in development or already exist in Europe with a varying level of maturity
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Building Information Modelling (BIM) approach to ease the assessment. Many tools already
exist and a detailed review of existing tools incorporating LCA can be found in the EeBGuide
Infohub (Lasvaux et Gantner, 2012). For the professional owners interested in using compliant
Annex 56 tools, they can use e.g. the Eco-bat (and new Eco-sai) tool developed in Switzerland
as well as the ASCOT tool developed in Denmark.

Recommendation for the use of LCA in building renovation (professional owners):

1) If the goal is to increase the energy efficiency of a renovated building, a LCA perspective
should be used to assess, next to the operational energy use, the embodied energy and
embodied carbon emissions. By doing so, solutions that globally minimise the primary

energy or carbon emissions indicators could be promoted.

2) If a LCA is conducted by the decision maker, use the best practice in the corresponding
country e.g., available LCA database, LCA methodology (e.g., detailed in technical reports
or standards) and LCA target values for renovated buildings?

Table of content

12 For instance, in Switzerland, database (KBOB), methodology and tools (e.g., the SIA 2031, SIA 2031, SIA 2039 and SIA 2040
technical books) and target values (available in $& 2040 target values) allow a practitioner to address this recommendation.
Similar tools and methodologies are in development or already exist in Europe with a varying level of maturity
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Abbreviations

Table 2 List of frequently used abbreviations

Abbreviations Meaning

AHU Air Handling Unit
BITS Building integrated technical systems
Coefficient of Performance

Domestic hot water
Energy in Buildings and Commupitigsamme

OP
DHW
EBC
Energy Performance of Buildings Directive
HG Greenhouse g5
WP
Wh
LCA
LCI

C
(€
(€ Global Warming Potential
IEAEBC Energy in Buildings and Communities Programme of the International Energy .
k Kilowatt hours: 1 kWh = 3.6 MJ
- Life cyclassessment
Life cycle inventory
Life cycle impact assessment
Mega joule; 1 kWh = 3.6 MJ
Mechanical ventilation heat recovery
Nonrenewable primary energy
Nearly zero energy building or nearly zero emissions building
Primary energy
Photovoltaic (cell or panel)
Reference
Renewable energy sources
Reference study period

Specific fan power
TotalPrimary energy

Definitions

Definitions of embodied energy and embodied carbon emissions (according to this
project), life cycle assessment (LCA) and life cycle impact assessment (LCIA)
according to ISO 14040:2006:

I Allocation: The sub-division of input and output flows between one or more product
systems

I Embodied energy: Comprises the cumulated primary energy use for the production,
transportation, replacement and disposal of building components for the thermal



envelope and building integrated technical systems (e.g., renewable energy generation
units, heating systems) used in energy related building renovation. In addition, the
embodied energy also includes the anyway renovation actions with materials and
technical systems added to restore the functionality of the building after renovation (e.g.,
painting or repair of a wooden frame, replacement of a conventional heating system with
a heating system of the same type etc.). The assessment of the embodied energy is
done in this project used a LCA methodology.

i  Embodied carbon emissions: Comprise the cumulated greenhouse gas emissions for
the production, transportation, replacement and disposal of building components for the
thermal envelope and for building integrated technical systems (e.g., renewable energy
generation units, heating systems) used in energy related building renovation. The
assessment of the embodied carbon emissions is done in this project used a LCA
methodology.

I Embodied impacts (from IEA-EBC Annex 57): Embodied impacts refer to the
environmental impacts that arise in the life cycle of a construction materials or a BITS
due to their production, transport, replacement and end-of-life; in this project the
embodied impacts correspond to the so-called embodied energy and embodied carbon
emissions.

LCA: Life cycle assessment: Compilation and evaluation of the inputs, outputs and the
potential environmental impacts of a product system throughout its life cycle.

1 LCIA: Life cycle impact assessment: Phase of life cycle assessment aimed at
understanding and evaluating the magnitude and significance of the potential
environmental impacts of a product system.

Not e 1: I n this report, the term ALCAO wil/l be
assess the environment al i mpacts of energy rela
will only refer to the step of the impact calculations within this methodology.

Note 2: According to the EBC-decision, theterm ic ar b o n e usédsnsall related GAnnex
56 reports represents all greenhouse gas emissions expressed in kg CO,-eq and not only CO,
emissions. It is chosen to be consistent with the title of Annex 56 project. As a result, the
fcarbon emissionsoterm will solely be used in this report.



1.1. General context

Several standards regarding energy consumption have emerged in the last decade, defining

increasing requirements, and cul minat-zergo wenér ¢

buildings concept. However, these standards are mainly focused on new buildings ignoring,
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 this kind of buildings resulting,
many times, in very expensive measures and complex procedures, hardly accepted by owners
or promoters.

Having in mind the overall objective of slowing down climate change, measures for the use of
renewable energy can be as effective as energy conservation and efficiency measures and
sometimes be obtained in a more cost effective way. In existing buildings, the most cost-
effective renovation solution is often a combination of energy efficiency measures and
measures for the use of renewable energy. Hence, it is relevant to understand how far it is
possible to go with energy conservation and efficiency measures (initially often less expensive
measures) and from which point the use of renewables become more economical and
environmental considering the local context. In the same time, it is important to address the life
cycle related impacts of such measures by using a life cycle perspective for the building
renovation with the quantification of primary energy or carbon emissions of the operational
energy use but also of the added materials and technical systems used during the renovation.

These last aspects refertotheso-cal | ed Aembodi ed energyodo or
construction materials or BITS and need a life cycle assessment (LCA) methodology to be
correctly determined. As an illustration, Figure 5 presents the general concept of the building
renovation concepts used in this project with two types of actions:

1. Reduction of energy demand and carbon emissions by energy conservation and efficiency
measures

2. Supply with renewable energy and on-site RES to satisfy the remaining energy demand as
much as possible

iemb



Efficiency and Renewables
Target values
. (e.g., primary energy)
Nearly zero approach

=

o Minimize

E demand

z

§ Share compare to the

g % reduction Embodied primary energy of operational savings?

£ new materials / BITS added Does it influence the choice of
E& during the renovation the cost-effective renovation
g = - N T T measures?

=

m

£

£

Figure 5 Schematic representation of the effect of energy related renovation measures compared to the
existing situation.

For a sound building renovation, both minimization of demand and the increase of efficiency
and use of renewables are relevant to reduce e.g., the primary energy demand of the
operational phase. However, as illustrated in Figure 5, each of these measures will also be
responsible for a certain amount of embodied energy related to the materials added for the
enveloppe or the BITS. Indeed, the more the building energy demand is minimized, the more
embodied energy is likely to be needed for the materials of the enveloppe (e.qg., insulation) or for
the BITS (e.g., replacement of the heat pump or boiler). As different renovation measures can
be taken, it will result in different operational energy savings and embodied energy values.

As the embodied energy are likely to influence the global primary energy assessment of each
renovation measure, there is a need to address the calculation of embodied energy (or
embodied carbon emissions) in a consistent way i.e., by defining a consistent LCA methodology
to calculate these values.

1.2. Contents of this report

This report delivers the methodological guidelines for the LCA of energy-related building
renovation. It presents:

i the state-of-the-art of LCA applied in the building sector;

1 the LCA methodology used in this project;

relevance of the embodied energy and embodied carbon emissions aspects;

1 relevant recommendations for policy makers and professional owners.

I its implementation on the projectbés case
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The purpose of this section is to present the methodology developed in this project for
assessing the environmental impacts of renovated buildings. The proposed methodology is
based on the state of the art of the life cycle assessment (LCA) for buildings. It includes only
processes having a relevant contribution to the total environmental impacts of renovated
buildings. The methodology is defined to be put into practice in a reasonable amount of time.

Some LCA methodological principles have already been described in chapters 2 and 3 of the
Methodology Report (Ott et al, 2015). They provide summarized information to the LCA
methodology presented in this report.

2.1. Introduction

The assessment of the performance of a building can be based on several indicators, such as
cost, operational energy use, environmental impacts and energy use of building components
and materials. Whatever the indicators used, the generic pattern of its time evolution can be
schematised as shown in Figure 6.

Building construction generates certain initial impacts and costs. During the building operation,
there is a flow of yearly operational impacts and costs, primarily due to the energy use. After
carrying out a building renovation, there is a new step-like increase of the impacts and costs
due to the refurbishment of building elements and technical systems. The importance of this
contribution depends on the implemented renovation scenario. During the building operation
after renovation, the flow of yearly impacts and costs mainly due to energy use will also depend
on the implemented scenario as shown in Figure 6. The more complete and ambitious the
energy related renovation package the higher is the initial step of impacts due to the renovation
and the lower are the impacts of subsequent building operation).

The main goal of this project is to find scenarios with the lowest impacts and costs during the
reference study peri od. The reference cas
described in Ott et al (2015)), which restore the full functionality of the building but do not
improve the energy performance of the building.
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Figure 6 Schematic representation of the effect of energy related renovation measures compared to the
existing situation.
Usually, the more sophisticated efficiency related renovation measures, the higher the (initial)
investment costs at this point of time and the lower operational energy costs over time (can be
observed in the graph by a less inclined cost curve). Scenario 1 increases energy
performance most. Consequently initial investment costs are the highest but yearly operational
cost the lowest (flattest cost curve over time).

In this project, the LCA is used to compare the environmental impacts of energy related
renovation measures. Therefore, it will take into account only measures that affect the energy
performance of the building (thermal envelope, building integrated technical systems and
energy use for on-site production and delivered energy). Renovation measures which are not
related to the energy performance of the building (e.g. such as changing the kitchen sinks) are
not included in the assessment of the energy related renovation measures.

2.2. Existing LCA methodologies for buildings

During the last decade, many LCA methodologies have been published at national and
international levels in order to present solutions to perform building LCA. These include, for
instance, generic approaches such as the ones presented in ISO 14040 and followings (ISO
14040, 2006) or the ILCD Handbook (European Commission, 2011). Although these general
LCA approaches tend to present a methodology as complete as possible, they are generally not



fully applicable in the building practice, because of the lack of information and guidance for
building application. To that purpose, building oriented approaches have been developed such
as the EN 15978 (EN 15978, 2011) or the EeBGuide operational guidance document for
buildings (Wittstock et al., 2012b) and for building products (Wittstock et al., 2012a). The
EeBGuide and the related EN 15978 standard are the latest attempts to propose harmonized
guidelines for building LCA at the European level (Lasvaux et al, 2014). At national level, some
methodologies have also been developed e.g., in Switzerland with the series of technical books
SIA 2032, SIA 2039 and SIA 2040 to assess the embodied primary energy and the operational
primary energy due to the operational energy (for heating, ventilation, cooling etc.) and due to
the transportation of the occupants of the building (mobility aspects).

The LCA methodology in this project is a compromise, taking into account several constrains
such as:

I Coherence with existing approaches mentioned above;

i Inclusion of the relevant sources of impacts in the case of building renovation;
1 Availability of information (especially for existing buildings);

I Time and resources required to find the information.

Each part of the LCA methodology is presented in the next sections.

2.3. Functional unit

2.3.1. Functional unit

In LCA, according to the ISO 14040, t he O f u n cis definadaak theugoanttfidation of the
performance of a product system, and is used as the reference unit for the LCA and any
comparative assertion. It has a quantity (e.g. 1 m?), aduraton ( e. g . Omaintainin
over 50 yearso) and a quality e.g. 6Ato ensur e
6functi onal absadefinedaih ¢he EN 15978 standard (2011) and denotes the

technical characteristics and functionalities of the building that is being assessed.

In practice, units and target values for energy use and carbon emissions in the LCA
methodology are expressed in MJ/m?a or kWh/m’a and kg CO.-equivalents per m%a (kg
CO./m?a). In certain cases, it might also be preferable to have additionally "person” as
functional unit since DHW and electricity use are rather depending on the number of persons
than on the area [m? of (conditioned) net or gross floor area. However, in this project, all results
are expressed per unit of surface area per year after having divided the LCA results calculated
for the reference study period of the building (see chapter 2.9).



2.4. Environmental indicators for the LCA

Many indicators have been developed in LCA, describing environmental impacts (global
warming, ozone depletion, acidification, etc.), resource use (energy and raw materials depletion,
etc.) or additional environmental information (hazardous waste, etc.). Some documents, such as
EN 15978, may recommend to use a wide range of indicators. But from a practical point of view,
comparing different renovation scenarios would become very tedious if more than a few
indicators are compared. Therefore, it is important to implement a reduced number of indicators
according to the following principles:

I The indicators should achieve widespread consensus and acceptance among the
scientific communities. This would reject indicators such as human toxicity, biodiversity,
Eco-indicator, Environmental Priority Strategies in Product Design (EPS) or Ecoscarcity
(UBP).

I The building sector must have a significant share on the world or local contribution for
this indicator (the latter if local impacts matter most).

i The data for components and energy vectors used in the building sector should be
available for the indicator.

According to these criteria, the number of indicators used in this project has been limited to the
three following indicators:

I Total Primary Energy (TPE). It represents total primary energy used®, renewable or
not. It includes the non-renewable part (fossil, nuclear, primary forests) as well as the
renewable part (hydro, solar, wind, biomass). In this report, PE is expressed in [kWh].

I Non-renewable Primary Energy (NRPE). It represents the non-renewable part of the
total primary energy, i.e., the non-renewable primary energy used. It indicates the
depletion of non-renewable energy sources (at a human scale), such as fossil fuels,
nuclear resources and primary forests. NRPE is also expressed in [kKWh].

i Carbon emissions. This indicator is related to the emissions of greenhouse gases. It is
not measured in an absolute unity, because each gas has a different global warming
potential on the greenhouse effect (for the same quantity). In this project, their potential
is compared to the CO, used as reference for a period of time of 100 years. This
indicator is expressed in [kg- CO,¢]14.

13 For the primary energy assessment, other terms and abbreviasiori®e found in the existing literature (e.g., the Cumulative Energy
Demand concept) but it is beyond the scopéhdf reportto reviewall of them.

4The reader should notice that the Iabell icomply with the thle of this prajectc at or
However, this indicator quantifies the equivalent G&nissions in the same way as the greenhouse gases emissions indicator e.g.,
used in the IEA EBC Annex 57 project.



These indicators describe primary energy consumption and carbon emissions. They are
consistent with the work and recommendations of the IEA-EBC Annex 57 project "Evaluation of
Embodied Energy and CO, Emissions for Building Construction" (LUtzkendorf et al, 2014).

2.5. System boundaries

2.5.1. Object of assessment, physical and temporal system boundaries

To perform a LCA of a package of renovation measures, it is mandatory to define the following
system boundaries:

I Temporal system boundary (see chapter 2.5.2): It defines the elementary stages which
have to be included, occurring during the life cycle of the building;

I Physical system boundary (see chapter 2.5.3): It defines all materials and energy flows
to be included in the assessment.

The following chapters define these system boundaries in more detail. The object of
assessment is the renovation package with resulting energy savings, carbon emissions
reductions and possibly with its embodied energy effects over its life cycle.

2.5.2. Temporal system boundary

Many breakdowns of the building life cycle into the relevant stages have been proposed within
the last decade (Citherlet, 2001; EN 15978, 2011; Wittstock et al., 2012b) and similar
breakdowns can be used for building renovation. A generic breakdown into elementary stages
and the boundaries of the main stages based on the EN 15978 standard are presented in
Figure 7.
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The different life cycle stages shown in Figure 7 are defined as follows:

Materials production stage (Modules A1-A3): The boundary of this stage covers the
‘cradle to gate' processes for manufacturing the materials used in the construction
elements and technical systems. It includes all processes from the raw materials
extraction to the final products (brick, insulation panel, boiler, pipes, etc.) at the gate of
the factory ready to be delivered.

Building construction process stage (Modules A4-A5): The boundary of this stage
encompasses the transportation of the materials and construction equipment (cranes,
scaffolding, etc.) to the building site and all processes needed for the
construction/renovation of the building.

Building use stage (Module B): The boundary of this stage comprises the period during
which the building is used by occupants, i.e. from the end of building renovation to the
deconstruction of the building. This stage also includes the maintenance, repair and
replacement of the construction materials. It also includes the energy used by technical
systems during the building operation period (heating, lighting, domestic hot water
production, etc.).

Building end-of-life stage (Module C): This stage covers the end-of-life of the building
from its demolition to the materials elimination. It includes the processes for building
decommissioning and waste transport and management (recycled, reused, incinerated
or dumped in a landfill).

It should be kept in mind that Figure 7 presents the different stages of the complete life cycle of
a building, in which each stage may use energy and materials and release air, water and soil
emissions. Furthermore, not all of the elementary stages contribute to the same extent to the life
cycle impacts of a building (new or renovated). Negligible impacts should be excluded from the
assessment and calculations, even more if the information is difficult to access.

Life cycle stages assessed in this project:

In order to facilitate the application of LCA in this project, the methodology used to assess the
effects of energy related renovation measures is pragmatic and takes into account only the
relevant stages. There are several stages that should be definitely taken into account in the
LCA of energy related building renovation. They are represented as green boxes in Figure 7:

Material production for new materials and for periodic replacement during the
reference study period (Modules A1-A3 according to EN 15978), i.e. all stages
required for the materials used (construction elements or BITS) for energy related
renovation measures. It includes the extraction of raw materials, transport and
transformation required to have the components ready to be used. These stages
correspond to the production of materials.
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T Materials transportation between the production site and the building site (Module
A4 according to EN 15978). To calculate the corresponding impacts, it is necessary to
know the transportation distance(s) and the mean(s) of transport used for each material
or component. The corresponding data can be either based on known information or on
default values based on realistic hypotheses. These data should be reported and
documented (type of transport, distance). During this stage, some materials may be lost
(damage, broken) and have to be replaced (new production). These losses can be
neglected.

i Operational energy used during building operation for the reference study period
(Module B6 according to EN 15978).

T End of life of the building (modules C2-C4) with:

o Transportation of wasted materials (added during the reference study period for
energy related renovation measures) at the end of the building's life. This
corresponds to the transport from the building site to the waste management site.
To calculate the corresponding impacts, it is necessary to know the transport
distance(s) and the mean(s) of transport used for each material. The
corresponding data can be either based on known information or on default
values based on realistic hypotheses. These data should be reported and
documented (type of transport, distance).

0 Waste management of removed materials (removed energy related renovation
measures during the reference study period) with waste processing (Module C3)
and final disposal (module C4).

Life cycle stages not considered in this project:
On the opposite, the following stages can be neglected (red boxes in Figure 7) due to their
assumed marginal contribution:

I Maintenance: The maintenance stage includes the processes for maintaining the
functional, technical and aesthetic performance of the building fabric and building
integrated technical systems (BITS), such as painting work, replacement of filters
(ventilation), etc. This stage does not take into account the replacement of a building
component that must be changed because it has reached the end of its service life. The
replacement impacts are included in the replacement stage (green boxes in Figure 7).

As the life cycle impacts from the maintenance stage of energy related renovation
measures is insignificant (compared to the t
neglected, in contrary to the cost assessment, for which the maintenance must be taken

into account.

I Repair: Repair of a building element cannot be easily analysed because by definition it
happens randomly and there is no reliable information that could help to assess

12



precisely its contribution. In addition, this contribution happens seldom and therefore, it
can be neglected.

i Building construction-installation process (module A5 in Figure 7) and
deconstruction (module C1 in Figure 7): These stages take place on the building's
construction site. It should be reminded that the construction equipment will be used not
only for one building. Therefore, their contribution per building is highly reduced and
these stages can be omitted. In addition, energy used on-site during building
construction and demolition can be neglected compared to the energy embodied in the
construction materials or the energy used during building operation.

In this project, these three previous stages are not mandatory, but if they are included in the
calculation, it should be justified.

2.5.3. Physical system boundary

The physical system boundary defines the materials and energy fluxes which must be taken into
account for the LCA. Figure 8 shows a synthetic building model which includes construction
elements and building integrated technical systems (BITS). The construction elements consist
of one or more materials. The BITS consist of components (boilers, pumps, etc.) which are
made of materials. In addition, these components use one or more energy vectors.

In order to perform a LCA of a renovated building, the following aspects should be considered:

Construction elements: the LCA includes the materials of the building elements that are
affected by the energy related renovation measures. Each element (roof, facade, etc.) is made
of one or more layers and each layer corresponds to a material.

Building-integrated technical systems (BITS): the LCA includes the installed technical
equipment to support the operation of a building (as defined for instance in EN 15978). BITS
usually comprise different systems, such as heating and ventilation. The LCA also includes the
on-site energy production (solar collectors, PV, heat pump). Each system consists of
components (boiler, pump, etc.) and each component is composed of materials and may
consume energy.
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In order to calculate the corresponding impacts, the following contributions have to be included
in the LCA:

Materials and BITS: Materials added or replaced for energy related renovation measures for
building elements (envelope) and for BITS-components (for more details see Appendix 7.1).
The stages corresponding to manufacturing, replacement and waste disposal of these
components must be included in the calculation.

Operational energy: Energy used by BITS during building operation. This includes the energy
used by the BITS to deliver the expected energy services (heating, cooling, DHW production,
etc.) during building operation.

Figure 9 shows an illustration of the different aspects to take into account in the LCA of a
renovated building.
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Figure 9 Aspects to be included in the LCA of renovated buildings: materials for the building enveloppe

and for the BITS and the operational energy use

2.6. Calculation rules for the materials used for the envelope and

BITS including the replacement

To summarize, the system boundary to perform an LCA of a renovated building should include
the following elements:

The materials added for energy related renovation measures of the thermal envelope of
the building;

The materials added for energy related renovation measures for the building integrated
technical systems (BITS), including on-site energy generation units*® (PV, solar thermal,
etc.);

The materials added to provide the same building function before and after renovation.

Figure 9 shows the materials related impacts to take into account in the LCA. Besides the initial
impact (e.g., in terms of primary energy or carbon emissions), building materials need to be

15According to the allocation rules introducedthe previous chapter

15



replaced during the reference study period of the building. The next sub-sections present the
service lives and replacement calculation rules considered.

The service life is defined as the time during which a building component (construction material,
BITS component (boiler, etc.)) fulfils its function. At the end of its service life, the product must
be replaced. The service life of the building components included in the LCA calculation
(construction materials & building integrated technical systems) must be reported and
documented, as it has a direct effect on the results.

Service life of constituent parts of buildings

In a construction element, not all layers (materials) are replaced at the same time and some are
never replaced. This is for instance the case for the bearing structure that will probably never be
replaced during the life cycle of the building. As shown in Figure 10, the construction element
can be divided in different parts.
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layers | i layers
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| i

! ! Concrete
! ! Insulation
! ! Roughcast
I )

1 )

[} )

I )

) )

1 )
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Figure 10 Example of a construction element with a bearing layer (structure) and non-bearing materials

It is not realistic to use a constant service life time for a particular type of material. For instance,
the same insulation material does not have the same service life when placed in a roof or in an
external wall. For a specific material, its service life will depend on its physical properties (water
resistance, moisture sensitivity, etc.) and its context of use (exposed to the outside, the soil,
etc.). In order to define the service life of materials, it is therefore important to take into account
the following parameters:

T Type of construction element (wall, floor, r
T Location of the construction element (against ground, exterior, interior);

i Position of material layer within the construction element.

Different sources of information can be used to define the service life of building constituents:
Official documents such as 1ISO 15686 and followings ( il SO 15686 Buil dings
assets -- Servi ce i fe pol aatiamal maryments.2Apdeld)x 7.2 also gives
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guidelines regarding the service life of internal, external as well as structure layers of
construction elements.

Here are some examples that need to be correctly analysed to perform a consistent LCA:

Some heavy layers which are not part of the bearing structure might be replaced during
the life cycle of the building. In the case of a wall with concrete and terracotta bricks on
either side of the insulation, the bricks could be replaced during a massive renovation. A
floor screed could also be replaced in such a situation. In both cases, the bearing
structure is not replaced.

The insulation between two concrete layers will have the same service life as the two
concrete layers, which may probably not be replaced during the building life cycle.

A construction element might have been designed to allow for the possibility to easily
replace some internal parts. In this case, only the replaced material is taken into account
in the calculation.

Number of replacements

Due to a limited service life, construction materials will usually be replaced once or several
times during the study period. These additional replacements have to be included in the LCA.
For the calculation of the number of replacements the following statements need to be taken
into account:

The number of replacements for construction materials and components of a building
integrated technical system (BITS) depends on their estimated service life (ESL) and the
reference study period for the building.

No replacement is required when the service life of the building element meets or
exceeds the reference study period (foundations, bearing wall, etc.).

In practice, only a whole number of replacements (no partial replacements) is allowed to
calculate the contribution of the replacement stage. In the case of a partial number of
replacements resulting from the estimated service life of the component and the
reference study period of the building, the value obtained is rounded upward.

A 1.
0] € 0 &£
—%) P
Ng Number of replacements of the element

Round  Function that rounds to the nearest integer value

SP  Study period of the building

SL Service life of the element (material or building technical system)
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2.7. Distinction between embodied and operational primary energy

and carbon emissions
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emissions due to the life cycle of construction materials added during the renovation for the
building enveloppe and BITS. Such terms are used in order to differentiate the primary energy
consumption (or the carbon emissions) of the production, transport, replacement and end-of-life
of materials/BITS from the operational energy use (heating, DHW, cooling, lighting, auxiliaries

of
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and appliances...) as illustrated below with an adaptation of Figure 7.

Figure 11 Distinction between embodied primary energy consumption and operational primary energy
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As a result, the LCA for a building renovation, taking into account the embodied primary energy
for the materials and BITS and the operational primary energy use is then calculated as follows:

0 O 00 0 0 0 0g

With

00O the primary energy of the building renovation

0 Og the primary energy calculated for the operational energy use (module

B6), see chapter 2.8 for the detailed calculation rules

0 ‘O the primary energy of the BITS, including the on-site RES systems calculated for
the modules A1-A3, A4, B4, C2-C4 according to EN 15978 standard

00 the primary energy of all materials added during the renovation calculated for
the modules Al1-A3, A4, B4, C2-C4 according to EN 15978 standard and the rules
defined in chapter 2.6

The same equation also applies for the carbon emissions calculations.

2.8. Calculation rules for the operational energy use

This section presents the energy services included in the LCA, the rules for calculating the
operational energy balance and the associated primary energy and carbon emissions especially
for electricity and on-site renewable energy generation systrems.

2.8.1. Energy services included

Energy use of building operation comprises energy use for several energy services which can
be separated into occupant-related energy use and building-related energy use, as shown in
Figure 12. Occupant-related means that the occupants decide on buying and installing the
energy consuming device. Building related means that the building owner decides on installing it
and that the device is used by all building occupants.

In many countries the "white appliances" like stove, refrigerator, sometimes freezer, washing
machine, tumbler or dryer are built in appliances and therefore building related. But there are
countries where the tenants rent an apartment without the "white appliances", which they buy
and install by themselves. Calculation of heating energy needs require assuming at least a
default energy use by appliances to account for internal heat sources. Even if the accurate
assessment of these appliances is not mandatory in the methodology, it seems adequate to
include them in the assessment by using default values, to account for their increasing share on
remaining energy use of buildings.

The LCA for the operational energy use comprises the following mandatory energy services:
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I Heating;

I  Domestic hot water (DHW);

I Air conditioning (cooling & (de)humidifying);
I Ventilation;

i Lighting;

1 Auxiliary (pumps, control devices, etc.);

I Integration of energy use from common appliances and home appliances e.g., the white
appliances remain optional, it can be included but has to be reported and documented in
a transparent way.

- - . \ optional
Occupants Home appliances (if available)
o related -/ (oven, refrigerator, computers TV, X) J not considerec
g energyuse
[} \_ Common appliances Annex56
© . .
> 5 (lifts, escalators etc.) optional
9 (documented
) ™
o < Usercomfort
= ) .
c Building Heating
Q2 - Domestic hot water
= related ) i Annex56
S energyuse - Air Cond|t|0n|ng (COOIing (de)humldlfler) mandator
§_ - Ventilation y
- Lighting
- Auxiliary (pumps control, X)
\__ \_ _

Figure 12 System boundary for the LCA of the operational energy use

On-site renewable energy allocation to energy uses:

In the LCA methodology, we follow the EN 15978 s t a n d apprdadhs The on-site renewable
produced energy is first allocated to the building related energy use (heating, domestic hot
water, air conditioning, ventilation, lighting, auxiliary and common appliances such as lifts). The
surplus of on-site energy production (if any) is then allocated to the non-building related energy
use (e.g., home appliances). The embodied energy and embodied carbon accounting on-site
renewable energy systems is taken into account and detailed in section 2.8.3.
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2.8.2. Time step for the calculation of the energy balance of building renovation
scenarios with on-site renewable energy generation

This sub-chapter deals with the calculation rules for energy related building renovation using on-
site renewable energy generation (e.g., PV, wind mills, ground or air source type heat pumps
etc.). The energy balance as shown in Figure 13 includes the buildingd snergy demand (load),
the delivered energy from the grid (imported energy), the on-site generation and the exported
energy from on-site generated renewable energy to the grid. In this figure, energy demand and
supply have to be weighted by LCA-based primary energy factors to have the primary energy
level as a common reference system for impact analyses and evaluations. Accordingly, the
energy related carbon emissions are weighted by carbon emission factors to express
greenhouse gas emissions from energy deliveries, exports and on-site production as CO,
equivalent emissions.

Figure 13 Terminology for building related energy use and renewable energy generation (Sartori I. et al.
2012)

I n todaybds practice, the operational ener gy
annual, monthly or an hourly balance using different steady state or dynamic energy calculation
methods. Current studies (e.g., Voss et al, 2010 and more recently Fouquet et al, 2014) show
that depending on the time step used for the calculation of the energy consumption and the on-
site renewable energy generation (hourly, monthly or annual), the self-consumption can pretty
much vary as well as the import/export balance of energy (noted as delivered and exported
energy in Figure 13).

21

cons




















































































































































































