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Chapter 1

Introduction

The success and the acceptance of measures intended to enhance the energy ef-
ficiency and to increase the usage of renewable energy sources strongly depend
on the interests, the motives, the state of knowledge, the available information,
the possibility of influencing as well as the willingness to invest of the different
stakeholders. By conducting economic, environmental and technical research and
by assessing the possible measures, the stakeholders obtain information and state-
ments for supporting and justifying their decisions. In this respect, further devel-
oping methodological principles for the assessment of economic and environmental
benefits of measures in combination with the evaluation of the technical perfor-
mance and reliability is a sub-task in supporting the usage of renewable energy
sources and the enhancement of energy efficiency measures. A special focus of
the guidebook is the discussion of which criteria and statements of assessment are
tailored to the specific information need and scope of action of the different stake-
holders. The developed principles should be applied for the CONCERTO projects and
enable scientific analysis. By showing the benefits of measures intended to enhance
the energy efficiency and to increase the usage of renewable energy sources the
acceptance of solutions supporting a sustainable building and district development
should be fostered.

This guidebook is mainly intended for stakeholders who are interested in the as-
sessment of benefits of measures enhancing the energy efficiency and increasing
the usage of renewable energy sources and who directly perform according tasks.
Those are i.a.
• successors of current CONCERTO projects
• successors of future CONCERTO projects
• successors of other research tasks in this context
• (junior) researchers
• consultants
• planners
• investors
• representatives of public authorities
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CHAPTER 1. INTRODUCTION

• other interested parties

At this point it should be highlighted that in the context of CONCERTO Premium a
guideline was elaborated and published which supports the conceptional prepa-
ration and subsequent implementation of a project accompanied monitoring as
well as a following longterm monitoring for the gathering of data which is rele-
vant for the assessment. This guidebook for assessment is based on the mon-
itoring guideline and therefore on the prerequisite that the needed data for the
evaluation is available. Particularly important parts of the guideline are those
which describe and support the determination of technical, energy and economic
data. The monitoring guideline and the according parts are available at: http:

//concerto.eu/concerto/library/library-concerto-guidelines.html.

The guidebook starts with a description of relevant stakeholder groups and their
roles. Furthermore, the respective objects of assessment are introduced and de-
scribed in chapter 2. Questions arising in the context of the improvement of the
energy efficiency of correspondent objects of assessment at relevant stakeholder
groups in connection with selected decision-making situations are composed based
on surveys and the experience of the authors (chapter 3). Based on the questions
assessment criteria are elaborated, introduced and systemized which can support
respective stakeholders in their decision-making and justification of their decisions.
Indicators which can be calculated from the available data are assigned to those
assessment criteria (chapter 4). In chapter 5 prerequisites for the interpretability
of calculated indicator values, like the transparent statement and a thorough char-
acterization of input parameters, are discussed. Before the performance indicators
are characterized comparability issues are considered and strategic and method-
ological approaches for the handling of European data are introduced in chapter
6. Furthermore, assessment results are significantly influenced by assumptions
and boundary conditions. They are introduced and wherever possible hints and
suggestions are given in chapter 7. Single assessment approaches are charac-
terized regarding their applicability by different stakeholder groups and regarding
concrete objects of assessment. Initially, the basic input and influencing variables
are described (chapter 8). Afterwards, input parameters for measuring efforts and
benefits are explained in more detail in the form of recurring modules that are
referenced by the different assessment approaches (chapter 9 and 10). Finally,
different types of charts for the visualization and display of calculation results are
presented in chapter 11.

Figure 1.1 gives an illustrative overview over the structure of the present guidebook
for assessment.

The present guidebook concentrates on the assessment of technical, environmental
and economic interrelations - also in combination. Policy aspects of the concerto
premium work can be found in the policy section of www.concerto.eu.
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Figure 1.1: Illustrative overview over the structure of the guidebook for assess-
ment; Source: own illustration.
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Chapter 2

Stakeholders and objects of
assessment

2.1 Stakeholders and their roles

The starting point of the analysis is the economic and environmental benefit of
measures intended to enhance the energy efficiency and to increase the usage of
renewable energy sources. Those measures are supported and accompanied by
a multitude of stakeholders. The sum of stakeholders of whom some are involved
more intensely and more often, others rather occasionally and secondarily results in
a specific stakeholder constellation. Every stakeholder has a specific function within
the stakeholder constellation which is referred to as his "role". For the fulfillment of
this role and for achieving the role specific goals the stakeholder uses certain tools
that shall prepare and support his decision-making.

2.1.1 Stakeholders

Measures intended to enhance the energy efficiency and to increase the usage of
renewable energy sources of any kind are characterized by a multitude of stake-
holders. Different stakeholders are involved in different stages of a project and in
different ways and intensities - beginning from the conceptual planning until the
demolition of a building. The following list of stakeholders has been identified in
the context of CONCERTO and divided into decision-makers, service provider and
others:
• decision-maker
– private households
– general secondary and tertiary sector
– housing companies

∗ private housing companies
∗ state-owned housing companies
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– Authorities
∗ local authorities
∗ national authorities
∗ european authorities

– utilities
∗ private utilities
∗ state-owned utilities

– real estate developers
• service providers
– funding/mortgage (and insurance) providers (only conventional banking
service)

– architects
– energy/environmental consultants and engineers
– energy agencies
– manufacturers and building product suppliers
– building contractors/building trades
– facility managers
– other service providers (certification entities, estate agents, evaluation
surveyors)

• others
– press and media
– scientists/academics
– public

2.1.2 Roles

As described above stakeholders have specific functions, which are referred to as
roles. The role of a stakeholder defines his actual scope of action and his specific
goals. It is also possible that a stakeholder has different roles, e.g. a private
household can have the role of an owner-occupier, of an initiator of an energy
efficiency measure and of a client. The following list of roles has been identified in
the context of CONCERTO:
• initiator
• client
• investor
• owner
• operator
• user
• tenant
• landlord
• planner
• consultant
• legislature
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• grant provider
• funding/mortgage (and insurance provider)
• service provider (energy supply)
• service provider (building contractor)
• building product supplier
• controlling body
• other

Figure 2.1 shows which stakeholder generally adopts which roles. The consolidation
of stakeholders and roles to so-called target groups are based on the matrix in figure
2.1.

 
6

 



CHAPTER 2. STAKEHOLDERS AND OBJECTS OF ASSESSMENT
St
ak
eh

ol
de

rs
 a
nd

 R
ol
es

ovider)

y)

tor)

e

der

surance pro

ergy supply)

ng contract

supplier

ody

t

l

legislature

grant provid

age (and ins

ovider (ene

ider (buildin

ng product s

ontrolling bo

other

initiator

client

investor

owner

operator

user

tenant

landlord

planner

consultant

ro
le
s

gr

ing/mortga

service pro

ervice provi

buildin

co

st
ak
eh

ol
de

rs

pr
iv
at
e 
ho

us
eh

ol
ds

x
x

x
x

x
x

fundi

se

ge
ne

ra
l s
ec
on

da
ry
 a
nd

 te
rt
ia
ry
 s
ec
to
r

x
x

x
x

x
x

x
pr
iv
at
e 
ho

us
in
g 
co
m
pa
ni
es

x
x

x
x

x
x

st
at
e‐
ow

ne
d
ho

us
in
g
co
m
pa
ni
es

x
x

x
x

x
x

ho
us
in
g 
co
m
pa
ni
es

st
at
e‐
ow

ne
d 
ho

us
in
g 
co
m
pa
ni
es

x
x

x
x

x
x

lo
ca
l a
ut
ho

ri
tie

s
x

x
x

x
x

x
x

na
tio

na
l a
ut
ho

ri
tie

s
x

x
x

x
x

h
ii

x
x

x
x

x
au
th
or
iti
es

de
ci
si
on

‐
m
ak
er

eu
ro
pe

an
 a
ut
ho

ri
tie

s
x

x
x

x
x

pr
iv
at
e 
ut
ili
tie

s
x

x
x

x
st
at
e‐
ow

ne
d 
ut
ili
tie

s
x

x
x

x
ut
ili
tie

s

re
al
 e
st
at
e 
de

ve
lo
pe

rs
x

x
x

x
x

fu
nd

in
g/
m
or
tg
ag
e 
(a
nd

 in
su
ra
nc
e)
 p
ro
vi
de

rs
 (o

nl
y 

co
nv
en

tio
na
l b
an
ki
ng

 s
er
vi
ce
)

x
x

ar
ch
ite

ct
s

x
x

x
x

en
er
gy
/e
nv
ir
on

m
en

ta
l c
on

su
lta

nt
s 
an
d 
en

gi
ne

er
s

x
x

en
er
gy
 a
ge
nc
ie
s

x
x

m
an
uf
ac
tu
re
rs
 a
nd

 b
ui
ld
in
g 
pr
od

uc
t s
up

pl
ie
rs

x
x

se
rv
ic
e 

pr
ov
id
er

bu
ild
in
g 
co
nt
ra
ct
or
s/
bu

ild
in
g 
tr
ad
es

x
fa
ci
lit
y 
m
an
ag
er
s

x

ot
he

r
se
rv
ic
e
pr
ov
id
er
s
(c
er
tif
ic
at
io
n
en

tit
ie
s

ot
he

r 
se
rv
ic
e 
pr
ov
id
er
s 
(c
er
tif
ic
at
io
n 
en

tit
ie
s,
 

es
ta
te
 a
ge
nt
s,
 e
va
lu
at
io
n 
su
rv
ey
or
s)

x
x

pr
es
s 
an
d 
m
ed

ia
x

x
sc
ie
nt
is
ts
 a
nd

 a
ca
de

m
ic
s

x
x

pu
bl
ic

x
x

ot
he

rs

Fi
gu
re
2.
1:
S
ta
ke
ho
ld
er
s
an
d
th
ei
r
ro
le
s;
S
ou
rc
e:
ow
n
ill
us
tr
at
io
n.

 
7

 



CHAPTER 2. STAKEHOLDERS AND OBJECTS OF ASSESSMENT

2.1.3 Target groups

In the context of CONCERTO stakeholders and roles have been consolidated to
so-called target groups. A target group refers to a stakeholder exercising a certain
function, e.g. a private household (stakeholder) being a small-scale private landlord
(one individual target group) and a private household (the same stakeholder) being
an owner-occupier (another target group). The following list of target groups has
been identified in the context of CONCERTO:
• main target groups: decision-makers
– decision-makers - demand side (building owners and clients)

∗ landlords
· small-scale private landlords
· large private sector landlords
· housing cooperatives
· state-owned or social housing providers

∗ owner-occupiers
· individual owner-occupiers
· owners/leaseholders/freeholders associations
· commercial owner-occupiers
· public authorities as owner-occupiers (incl. role as employer as
well as provider of schools etc.)

∗ real estate developer
– decision-makers - supply side (incl. grid operator)

∗ private utilities
∗ state-owned utilities (incl. tap and waste water, waste management
and open space management/park keeping)
∗ energy service companies

– decision-makers - framework
∗ regional/local authorities as spatial and infrastructure planners or en-
vironmental authorities
∗ regional/local authorities as information providers
∗ legislators
∗ grant providers (e.g. special banking services)

• secondary target groups: service providers
– funding/mortgage (and insurance) providers (only conventional banking
services)

– architects
– energy/environmental consultants and engineers
– energy agencies
– manufacturers and building product suppliers
– building contractors/building trades
– facility managers
– other service providers (certification entities, estate agents, evaluation
surveyors)
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CHAPTER 2. STAKEHOLDERS AND OBJECTS OF ASSESSMENT

• other target groups
– tenants
– press and media
– scientists/academics
– public authorities as owner-occupiers (incl. Role as employer as well as
provider of schools etc.)

– public

For more information and detailed characterizations of the CONCERTO target groups
refer to Fath et al. (2012).

2.1.4 Key stakeholders in key roles

In the context of CONCERTO key stakeholders in key roles are those who initiate,
commission, finance, etc. measures intended to enhance the energy efficiency and
to increase the usage of renewable energy sources. At the same time stakeholders
who decide on legislations, grant programmes, codes and standards are of special
interest. The following list of key stakeholders in key roles has been identified in
CONCERTO:
• key role: client/investor in the construction sector
(a) housing companies and housing associations = landlord
(b) real estate company = landlord
(c) non-professional landlord = landlord
(d) companies with own building stock = commercial owner-occupier
(e) private owner = private owner-occupier
(f) the public authorities as owner-occupier
(g) building contractor

• key role: planner and consultants in the construction sector
(a) architects and specialist planners
(b) consultants

• key role: energy supplier
(a) energy supply utilities
(b) other energy service providers
(c) consultants

• key role: legislator/grant provider
(a) district
(b) country
(c) EU

• key role: tenant/user
(a) private household
(b) companies
(c) the public authorities

 
9

 



CHAPTER 2. STAKEHOLDERS AND OBJECTS OF ASSESSMENT

The present guidebook for assessment focuses on the above mentioned key stake-
holders in key roles.

2.2 Objects of assessment

The selection of appropriate methods for the assessment of the economic and en-
vironmental benefits of measures intended to enhance the energy efficiency and
to increase the usage of renewable energy sources including the evaluation of the
technical performance and reliability is influenced i.a. by the specific characteristics
of the respective object of assessment. Besides the consideration of construction
components, single buildings and single energy supply units, especially the dis-
trict level is focused on CONCERTO. In the CONCERTO projects entire districts are
refurbished or newly built. Thereby energy efficiency measures and the usage of
renewable energy sources are coordinated on energy supply and energy demand
side. Not every method is appropriate for every object of assessment or leads to
significant results.

The following list shows the levels and objects of assessment that are used within
CONCERTO Premium:
• construction elements
– construction components in terms of materially-constructive solutions
– technical installations in buildings (optionally with distribution and storage
included)

• single buildings
new building refurbishment

residential buildings x x
non-residential buildings x x
buildings with mixed usage x x

• groups of buildings
• districts
– districts without a separate energy supply
– districts with a separate energy supply (district heating)

• large-scale energy supply units
– large-scale energy supply units for power generation, heating and/or cool-
ing, optionally including grids and storage solutions

– building-integrated energy supply units belonging to third parties
– virtual energy supply units (aggregation of decentralized solutions to a
virtual supply unit) = systems of small-scale units

• groups of large-scale energy supply units
• CONCERTO area
• *(neighborhood)
• *(community)
• *(region)
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CHAPTER 2. STAKEHOLDERS AND OBJECTS OF ASSESSMENT

• *(country)
• *(EU)

CHPs, thermal collectors und PVs are considered to be construction elements in
terms of technical installations in buildings if from a legal point of view they form a
unit with the building, they belong to the building-owner and are operated by him
or on his behalf. Respective systems that are operated in or on the building by third
parties and belong to them are considered to be energy supply units. The question
of the allocation of such a technology is relevant for the determination of relevant
stakeholder groups (e.g. building-owner or energy supplier).

The symbol * marks further objects of assessment which are additionally intro-
duced. The additional objects of assessments in brackets are especially important
for an up-scaling. The object of assessment "district" has a special position. The
district in terms of "public authorities" occurs on the one hand as stakeholder with
own interests and questions on the other hand climate protection goals are more
and more formulated and pursued at district level. More information on the CON-
CERTO Premium up-scaling approach can be found in Stengel et al. (2012).
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Chapter 3

Significant questions

When considering the topic of improving the energy efficiency, questions are arising
on the side of the acting stakeholders. Those questions result from their respective
role in the decision-making process and generally are tailored to a decision-making
situation, to a decision-making point of time and to a responsibility or action frame-
work. Furthermore, they are adapted to the respective object of assessment. Here-
after questions which were elaborated based on surveys and the experience of the
authors are systemized.

Economic questions

• In case of new constructions: are the specific construction cost figures of
energy optimized buildings significantly higher than of conventional buildings?
• In case of refurbishments: is it significantly more expensive to improve the
energy efficiency when renovations have to be undertaken anyway?
• In case of building-integrated energy supply units, e.g.: PV panels: when
considering time series, is the technology getting cheaper?
• How do improved energy efficiency and the increased use of renewable energy
sources affect the life cycle costs of a new constructed building?
• Do buildings with extensive and/or innovative technical installations possibly
have higher servicing and maintenance costs than buildings with conventional
technical installations?
• How long does it take until investments in energy efficiency or renewable
energy measures have paid back?
• Do energy efficiency measures applied to the building envelope have a longer
payback period than renewable energy measures, like e.g. installing PV panels
on the roof?
• To what extent are grants and subsidies needed to make investments in the
energy efficiency retrofit of a building economically beneficial from the point
of selected stakeholders?
• Does a measure pay off from a purely economic point of view?
• When the investment/construction costs are spread over the reference study
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period and contrasted with the annual energy cost savings how much money
can be saved per year?
• Is it economically more reasonable to invest in thermal insulation of the build-
ing envelope or its improvement or in technical installations or in a retrofit,
respectively?

Macro-economic questions

• How much investment can be triggered by one funded euro?
• How much primary energy non-renewable can be saved by one funded euro?
• How much CO2 can be saved by one funded euro?
• To what extent can external costs be avoided?
• From a macro-economic point of view what are the impacts of a measure?
• To what extent do energy efficiency/renewable energy measures lead to posi-
tive employment effects?

Environmental questions

• How energy efficient is a building in comparison to the national standard?
• How much primary energy is needed for heating and domestic hot water?
• Do calculated energy demand and monitored consumption values differ?
• What environmental influence does a measure have?
• To what degree is the CO2-neutrality of a municipality positively influenced by
energy efficiency and renewable energy measures?
• What is the ecological saving achieved by implementing a measure?
• What is the impact of CONCERTO applied technologies on the environment?
• Which amount of air pollutants can be saved with the deployment of renewable
energy sources?
• How long does it take until an energy efficiency or renewable energy measure
is amortized in energy terms?
• How long does it take until an energy efficiency or renewable energy measure
is amortized concerning CO2 emissions?

Eco-environmental questions

• What are the costs for saving a kWh of final energy?
• Is it cheaper to buy one kWh of final energy or to save it?
• What are the costs for saving a ton of CO2 emissions?
• Can a measure reduce CO2 emissions at acceptable costs?
• What is the ratio/relationship between environmental impact and cost?

Technical questions

• How good is the insulation of a building?
• How energy efficient is a building?
• How far does the actual energy yield match the calculated yield for a technol-
ogy?
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• How efficient is a technology compared to others?
• What is the technology’s technical potential?
• Which combination of technical measures makes sense?
• To what extend is the energy generator used to capacity?
• How many hours would the system have run at maximum load to generate the
same amount of energy?
• How reliable is a technology?
• To what extent do planned and measured values differ?

It shows that relevant stakeholder groups have to process and solve different ques-
tions depending on the decision-making situation and the object of assessment in
order to get support for their decision-making. Among other things the technical
suitability of a solution combined with the economic and/or environmental benefits
must be analyzed and evaluated.

In chapter 8 an assignment of questions to indicators is carried out since answers
for the questions can be derived with the help of the defined indicators.
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Chapter 4

Development of fundamentals
for an assessment

4.1 Assessment approach

A prerequisite for an assessment of the technical applicability as well as the eco-
nomic and/or environmental benefits of solutions is the development and appli-
cation of an appropriate two-prongued assessment approach. On the one hand
a top-down approach starting with the different stakeholders with their questions
which can be categorized according to different so-called assessment criteria is
needed. On the other hand-side a bottom-up approach starting at the available
data and so-called performance indicators is recommended. Assessment criteria
are means for the evaluation of different aspects of an energy efficiency/renew-
able energy measure or a used technology. In other words assessment criteria are
abstract evaluation categories which are on a rather generic level. However per-
formance indicators compare in a concrete and direct way efforts and benefits of
a measure. In order to integrate the top-down and bottom-up approach the per-
formance indicators and the assessment criteria are interlinked. For the evaluation
of an assessment criterion specifically selected performance indicators have to be
taken into account. The values of those pre-selected performance indicators have
to be calculated and interpreted. Finally, the results of the interpretation of the
indicator values are aggregated and played back for the evaluation of the chosen
assessment criteria. Figure 4.1 illustrates the interrelations between assessment
criteria and indicators.

The assessment approach described above is based on the following conditions:
• availability of appropriate data (including information about the data sources,
the quality of the data, the system boundaries, etc.) and an appropriate data
collection procedure
• availability of possibilities for plausibility checks of the data
• availability of approved methodological fundamentals for an assessment
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CHAPTER 4. DEVELOPMENT OF FUNDAMENTALS FOR AN ASSESSMENT

Figure 4.1: Interrelation between assessment criteria and indicators; Source: own
illustration.

• applicability for the evaluation task and the object of assessment
• availability of appropriate assessment standards (benchmarks, baselines, etc.)
• interpretability of the results by the decision-maker

Assessment criteria
Within CONCERTO Premium the following subject areas with the actual assessment
criteria are concerned:
• assessment criteria for the valuation of the economic performance or benefits
- microeconomic part
– cost figures
– economic efficiency

• assessment criteria for the valuation of the economic performance or benefits
- macroeconomic part
– economic effects of grants provided
– external effects
– added value for the region

• assessment criteria for the valuation of the environmental performance or
benefits
– environmental quality with respect to energy and emissions
– environmental efficiency

• assessment criteria for the valuation of the economic-environmental perfor-
mance or benefits
– economic cost - environmental benefit ratio

• assessment criteria for the valuation of the technical performance
– efficiency
– reliability
– actual performance against prediction
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Performance indicators
This section gives a systematic overview of the performance indicators calculated
within CONCERTO Premium. The performance indicators are allocated to the re-
spective assessment criteria. In chapter 8 they are described in more detail.
• micro-economic performance indicators
– cost figures

∗ specific construction cost figures
∗ life cycle costs of building operation
∗ life cycle costs of energy generation

– economic efficiency
∗ static and dynamic payback period
∗ annuity gain

• macro-economic performance indicator
– added value for the region

∗ employment effects
– economic effects of grants provided

∗ positive effect per grant
– external effects

∗ avoided external costs
• environmental performance indicators
– environmental quality with respect to energy and emissions

∗ specific energy performance indicators
∗ specific emission indicators
∗ improvement of specific primary energy requirement
∗ improvement of air pollutants

– environmental efficiency
∗ energy payback period
∗ CO2 payback period

• economic-environmental performance indicators
– economic cost - environmental benefit ratio

∗ equivalent price of energy
∗ CO2 mitigation costs

• technical performance indicator
– efficiency

∗ overall heat transfer coefficient of building envelope
∗ specific yield
∗ efficiency factors
∗ coverage fraction
∗ capacity utilization
∗ full load hours

– reliability
∗ availability

– performance against prediction
∗ quality of prediction
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CHAPTER 4. DEVELOPMENT OF FUNDAMENTALS FOR AN ASSESSMENT

4.2 Assessment procedure

The actual description and assessment procedure is divided into the following steps

(a) determination and preparation of data including plausibility checks and checks
securing the compliance of transparency requirements

(b) calculation/measurement/determination of results for selected indicators in-
cluding plausibility checks

(c) assessment of the results by applying assessment standards
(d) critical examination of the assessment results
(e) interpretation of the assessment results and integration into the overall context
(f) deduction of required actions; decision support

The present guidebook concentrates on the step (b) and gives advice for the steps
(c), (d) and (e).

Approaches for the assessment of the efficiency of a measure are generally elabo-
rated by comparing efforts and benefits. The effort can be described as i.a. techni-
cal effort, the amount of resources needed or financial effort. The respective system
boundaries that must be considered are influenced by the concrete question, the
perspective of the stakeholders and the particularities of the object of assessment.
The benefits can be described and illustrated i.a. in terms of gained energy or
saved energy, conservation of resources, reduction of environmental impact, finan-
cial benefit or e.g. improvement of the comfort level. From a macroeconomic point
of view i.a. external effects or the creation and preservation of jobs can also be
considered. When analysing ratio of efforts and benefits economic figures can be
compared with economic figures and environmental figures can be compared to
environmental figures. But also diverse hybrid forms are possible. In terms of the
comparability with other results the ratio of efforts and benefits can be referred to
suitable figures like e.g. m2 or tons.
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Chapter 5

Transparency of indicator
calculations

An essential prerequisite for the interpretability of calculated indicator values is a
transparent statement and a thourough characterization of input parameters. From
a methodological point of view, economic, energy and emission data can only be
significantly assessed if certain boundary conditions are considered. By all means,
the following issues must be taken into account:
• The system boundaries must be defined clearly.
• When comparing data the system boundaries must be the same.
• For each data figure the temporal and spatial reference must be given.
• According to the type of data further specific meta data must be available.

The following sections introduce a possible approach which attaches to each data
figure a code that encodes the necessary meta data. In this context the term
"meta data" means descriptive information about the characteristics of the actual
data. Tools and checklists are introduced in order to develop the respective codes
for the different types of data (economic data, energy data and CO2 emission data).
Furthermore, the procedure of determining codes for calculated indicator values is
explained. Generally, the code for an indicator value can be determined by putting
together the codes of the input data needed for the indicator calculation.

Remark: For the understanding of the following sections it might be helpful to switch
to chapter 9 now and then. The methodological descriptions require some knowl-
edge which is only described later on. The didactic structure has been weighed up
against a modular characterization of the performance indicators.

5.1 Encoding of energy data

When encoding energy data there is again the differentiation of a general and a
specific part. The general part is included in every energy code, the characteristics
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CHAPTER 5. TRANSPARENCY OF INDICATOR CALCULATIONS

of the specific part vary depending on the actual energy figure to be encoded.

5.1.1 General part of the code

At least the following information should be available for each energy figure:
• reference year
• reference country
• final energy or primary energy
• savings or absolute value
• demand- or consumption value
• climate correction?
• included application areas:
– space heating included?
– domestic hot water included?
– auxiliary energy included?
– cooling included?
– lighting included?
– other building-related (lift, etc.) included?
– other utilization-related (PC, cooking, etc.) included?

5.1.2 Specific part of the code: final energy

If the energy figure is a primary energy figure at least the following information
must be included to the code:
• final energy carrier

Table 5.1 illustrates a checklist for the encoding of energy data - primary energy.

5.1.3 Specific part of the code: primary energy

If the energy figure is a primary energy figure at least the following information
must be included to the code:
• is it a renewable, non-renewable or total primary energy figure
• which primary energy factors were used for the conversion?

Table 5.2 illustrates a checklist for the encoding of energy data - primary energy.

5.2 Encoding of CO2 data

When encoding CO2 data there is again the differentiation of a general and a specific
part. The general part is included in every CO2 code, the characteristics of the
specific part vary depending on the actual energy figure to be encoded.
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Checklist for energy data - final energy Encoding
reference year e.g. 2008
reference country e.g. UK
value type absolute/savings?
type of energy flow demand/consumption?
climate corrected yes/no/unknown?
space heating included yes/no/unknown?
space cooling included yes/no/unknown?
domestic hot water included yes/no/unknown?
air humidification and dehumidification included yes/no/unknown?
ventilation included yes/no/unknown?
auxiliary energy (e.g. for pumps) included yes/no/unknown?
built-in lighting included yes/no/unknown?
other building-related (lift, etc.) yes/no/unknown?
applications included
other utilization-related (PC, cooking, etc.) yes/no/unknown?
applications included
final energy carrier e.g. heating oil

Table 5.1: Checklist for encoding meta data for energy data - final energy; Source:
own illustration.

5.2.1 General part of the code

The following information must always be included, i.a.:
• is it a CO2 or CO2-equivalent figure?

5.2.2 Specific part of the code: CO2-figure

Generally, CO2 figures are calculated by multiplying a final energy figure with a
so-called CO2 emission factor. Therefore, the code for CO2 figures is determined by
putting together a cipher for the used CO2 emission factor and the code for energy
data. Furthermore, it must be stated if upstream chains are considered or not.

Table 5.3 illustrates a checklist for the encoding of CO2 emission data.

5.2.3 Specific part of the code: CO2-equivalent-figure

Generally, CO2-equivalent figures are calculated by multiplying a final energy fig-
ure with a so-called CO2-equivalent emission factor. Therefore, the code for CO2-
equivalent figures is determined by putting together a cipher for the used CO2-
equivalent emission factor and the code for energy data. Furthermore, it must be
stated if upstream chains are considered or not.
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Checklist for energy data - primary energy Encoding
reference year e.g. 2012
reference country e.g. France
value type absolute/savings?
type of energy flow demand/consumption?
climate corrected yes/no/unknown?
space heating included yes/no/unknown?
space cooling included yes/no/unknown?
domestic hot water included yes/no/unknown?
air humidification and dehumidification included yes/no/unknown?
ventilation included yes/no/unknown?
auxiliary energy (e.g. for pumps) included yes/no/unknown?
built-in lighting included yes/no/unknown?
other building-related (lift, etc.) yes/no/unknown?
applications included
other utilization-related (PC, cooking, etc.) yes/no/unknown?
applications included
type of primary energy renewable/non-renewable/total?
primary energy factors e.g. domestic gas: 1.1

e.g. electricity: 2.6

Table 5.2: Checklist for encoding meta data for energy data - primary energy;
Source: own illustration.

Table 5.4 illustrates a checklist for the encoding of CO2 equivalent emission data.

5.3 Encoding of economic data

In this section the approach for encoding economic figures is explained. Generally,
the code for economic data is composed of a general and a specific part. The
general part is always the same for each economic figure. The specific part can
vary depending on the data figure or the object of assessment, respectively.

5.3.1 General part of the code

The following information should be available for each economic data figure:
• reference year
• reference country
• VAT included yes/no?
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Checklist for emission data - CO2 Encoding
reference year e.g. 2005
reference country e.g. Germany
value type absolute/savings?
type of energy flow demand/consumption?
climate corrected yes/no/unknown?
space heating included yes/no/unknown?
space cooling included yes/no/unknown?
domestic hot water included yes/no/unknown?
air humidification and dehumidification included yes/no/unknown?
ventilation included yes/no/unknown?
auxiliary energy (e.g. for pumps) included yes/no/unknown?
built-in lighting included yes/no/unknown?
other building-related (lift, etc.) yes/no/unknown?
applications included
other utilization-related (PC, cooking, etc.) yes/no/unknown?
applications included
CO2 emission factors e.g. domestic gas: 199.36 g/kWh

e.g. electricity: 568.05
upstream chains included yes/no?

Table 5.3: Checklist for encoding meta data for CO2 emission data; Source: own
illustration.

5.3.2 Specific part of the code: construction costs/investments

First of all, it must be distinguished between construction costs/investments for
new buildings or for refurbishments. This information is also an important piece of
meta data and must be integrated in the code.

New building
If the construction costs/investment for a new building are given at least the fol-
lowing meta data must be available, too:
• land costs included?
• planning costs included?
• costs for building constructions included?
• costs for technical installations included?
• other costs included?
• grants included?

Table 5.5 illustrates a checklist for the encoding of construction costs/investments
of new buildings.

Refurbishments
If the construction costs/investment for a refurbishment are given at least the
following meta data must be available, too:
• planning costs included?
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Checklist for emission data - CO2-equivalent Encoding
reference year e.g. 2005
reference country e.g. Germany
value type absolute/savings?
type of energy flow demand/consumption?
climate corrected yes/no/unknown?
space heating included yes/no/unknown?
space cooling included yes/no/unknown?
domestic hot water included yes/no/unknown?
air humidification and dehumidification included yes/no/unknown?
ventilation included yes/no/unknown?
auxiliary energy (e.g. for pumps) included yes/no/unknown?
built-in lighting included yes/no/unknown?
other building-related (lift, etc.) yes/no/unknown?
applications included
other utilization-related (PC, cooking, etc.) yes/no/unknown?
applications included
CO2 equivalent emission factors e.g. domestic gas: 199.56 g/kWh

e.g. electricity: 596.39 g/kWh
upstream chains included yes/no?

Table 5.4: Checklist for encoding meta data for CO2 equivalent emission data;
Source: own illustration.

• costs for building constructions included?
• costs for technical installations included?
• other costs included?
• grants included?

Furthermore, in the context of refurbishments the full cost and additional cost ap-
proach must be distinguished. This information is important and must be included
in the code.

Table 5.6 illustrates a checklist for the encoding of construction costs/investments
of refurbishments.

5.3.3 Specific part of the code: costs in use

When encoding the meta data for the costs in use the following two types of costs
are described in the following (other types can be encoded analogously):
• maintenance costs
• energy costs

Maintenance costs
When dealing with maintenance costs the following meta data is essential to know:
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Checklist for construction costs of new buildings Encoding
reference year e.g. 2010
reference country e.g. Bulgaria
VAT included yes/no/unknown?
land costs included yes/no/unknown?
planning costs included yes/no/unknown?
costs for building constructions included yes/no/unknown?
costs for technical installations included yes/no/unknown?
other costs included yes/no/unknown?
grants included yes/no/unknown?

Table 5.5: Checklist for encoding meta data for construction costs of new buildings;
Source: own illustration.

Checklist for construction costs of refurbishments Encoding
reference year e.g. 2010
reference country e.g. Austria
VAT included yes/no/unknown?
planning costs included yes/no/unknown?
costs for building constructions included yes/no/unknown?
costs for technical installations included yes/no/unknown?
other costs included yes/no/unknown?
grants included yes/no/unknown?
cost approach full/additional costs

Table 5.6: Checklist for encoding meta data for construction costs of refurbish-
ments; Source: own illustration.

• Are the maintenance costs actually invoiced costs or are there servicing/full
maintenance contracts or are they calculated by using a repair factor?

Table 5.7 illustrates a checklist for the encoding of costs in use - maintenance costs.

Energy costs
Generally, the energy costs are calculated by multiplying an final energy figure with
the price per consumed energy unit. Therefore, the code for energy costs is put
together by a cipher for the used energy price and the code for energy data. The
code for energy data is introduced in the next section.

Table 5.8 illustrates a checklist for the encoding of costs in use - energy costs.

5.4 Encoding of indicator values

Generally, the code for an indicator value can be determined by putting together
the codes of the input data needed for the indicator calculation. However, some-
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Checklist for costs in use Encoding
maintenance costs
reference year e.g. 2009
reference country e.g. Lithuania
VAT included yes/no/unknown?
type of costs invoiced costs/maintenance contract/repair factor?
if repair factor state factor e.g. 1.5

Table 5.7: Checklist for encoding meta data for costs in use - maintenance costs;
Source: own illustration.

times it is necessary to add further ciphers to the code. For example, is a figure
divided by a reference unit, e.g. a reference area, there also might be the need to
characterize the reference unit. Furthermore, some indicators require assumptions
for the reference study period, the discount rate, the inflation rate, the energy price
increase rate, etc.. Those meta data must be encoded and added, too.
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Checklist for costs in use - energy costs Encoding
reference year e.g. 2012
reference country e.g. Germany
VAT included yes/no/unknown?
energy price e.g. 7 ct/kWh
final energy carrier e.g. domestic gas
value type absolute/savings?
type of energy flow demand/consumption?
climate corrected yes/no/unknown?
space heating included yes/no/unknown?
space cooling included yes/no/unknown?
domestic hot water included yes/no/unknown?
air humidification and dehumidification included yes/no/unknown?
ventilation included yes/no/unknown?
auxiliary energy (e.g. for pumps) included yes/no/unknown?
built-in lighting included yes/no/unknown?
other building-related (lift, etc.) applications included yes/no/unknown?
other utilization-related (PC, cooking, etc.) yes/no/unknown?
applications included

Table 5.8: Checklist for encoding meta data for costs in use - energy costs; Source:
own illustration.
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Chapter 6

Comparability and
interpretability of assessment
results

In CONCERTO, the 58 sites under consideration are dispersed all over Europe. Be-
cause of different climate and economic conditions as well as different implemen-
tation time periods comparability of data is not necessarily ensured.

Generally, two strategies can be pursued when establishing comparability in case
of temporal and local dispersions in the context of energy efficiency and renewable
energy measures. Firstly, objects under consideration can be classified according to
different criteria and comparisons are only performed taking into account objects of
the same class. Secondly, corrective (arithmetic) operations can be undertaken in
order to achieve a common reference scenario. In most cases it might be advisable
to apply a mixture of both approaches since corrections are not always reasonable.

The following sections further explain the mentioned strategies and the method-
ological approaches behind.

6.1 Corrections

In the context of CONCERTO two types of corrections should be considered. Both
types can be further distinguished:
• economic corrections
– construction costs
– costs in use

• climate/weather corrections
– heating degree day corrections
– cooling degree day corrections
– solar irradiation.
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For both types of corrections two dimensions can be distinguished:
• temporal dimension
• spatial dimension.

6.1.1 Economic corrections

Corrections of construction costs
Construction costs are figures that underlie temporal and spatial price levels. There-
fore, the comparability of construction costs requires a correction regarding time
and space:
• Corrections for temporal dispersions to a common price level can be performed
using price indices of official statistics.
• Corrections for spatial dispersions to a common price level can be performed
using factors accounting for differences of local price levels. In Germany,
the Baukosteninformationszentrum Deutscher Architektenkammern (BKI) an-
nually publishes so-called regional factors. Furthermore, factors for EU-wide
corrections are given on country-level.

Temporal dispersions of construction costs can be corrected using

K0,t,j =
Kt,j

P0,t,j

with
K0,t,j costs in year t corrected to base year 0 in country j
Kt,j invoiced costs in year t in country j
P0,t,j construction cost index of country j that corrects costs of year t

to costs of base year 0.

Table 6.1 shows construction cost indices of new residential buildings of the CON-
CERTO countries according to European Commission - Eurostat (2013a).

Remark: To the authors’ knowledge no separate index exists for temporal correc-
tions of construction costs in case of refurbishments. This is why normally the
construction cost index for new buildings is also used in case of refurbishments.

Spatial dispersions of construction costs can be corrected using

Ki,j,t =
Kt,j

RFi,j,t

with
Ki,j,t costs in year t corrected from country j to reference country i
Kt,j invoiced costs in year t in country j
RFi,j,t BKI factor that corrects costs of country j

to costs of reference country i in year t

Table 6.2 shows BKI factors of the CONCERTO countries according to BKI Baukosten
(2008), BKI Baukosten (2009), BKI Baukosten (2010), BKI Baukosten (2011), BKI
Baukosten (2012) and BKI Baukosten (2013).
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Country 2005 2006 2007 2008 2009 2010 2011 2012

Austria 83.78 87.64 91.55 96.33 96.92 100.01 102.28 104.56
Belgium 90.04 94.45 98.66 101.11 100.02 100.00 103.93 105.02
Bulgaria 72.57 76.81 82.26 93.16 100.78 99.99 100.78 100.48
Croatia — — — — — — — —
Czech Republic 89.55 91.43 95.84 99.18 98.85 100.00 101.75 102.27
Denmark 86.66 90.71 96.46 99.25 98.85 100.01 103.61 106.30
Finland 87.58 90.90 96.29 100.03 98.94 100.01 103.34 105.84
France 83.46 87.92 91.93 97.00 97.35 100.01 103.98 106.27
Germany 89.67 91.85 94.87 98.01 97.98 100.00 103.41 105.65
Hungary 79.62 84.56 90.60 97.44 100.35 100.00 100.96 105.42
Ireland 107.19 117.51 119.50 110.35 99.46 100.01 97.80 98.83
Italy 88.25 90.72 94.04 97.61 98.53 100.02 103.05 105.41
Lithuania 87.28 96.62 112.18 122.84 105.00 100.01 103.80 106.95
Luxembourg 89.57 92.13 94.84 97.84 99.24 100.00 102.59 105.56
Netherlands 88.48 91.31 95.00 99.37 99.65 100.00 101.91 103.74
Norway 80.46 83.47 89.62 94.70 96.91 100.02 103.66 106.87
Poland 85.83 87.31 83.37 99.91 100.11 100.00 101.14 101.48
Slovakia 85.26 88.70 92.37 98.04 100.05 100.00 100.75 100.85
Slovenia 80.78 85.74 91.66 97.66 94.63 100.00 104.56 103.34
Spain 82.17 87.80 92.19 96.52 97.53 100.01 103.80 103.52
Sweden 81.86 85.96 91.21 95.66 97.55 100.01 103.03 105.65
Switzerland 90.70 94.20 97.50 101.10 99.20 100.00 101.80 101.90
UK 86.45 90.54 93.68 99.04 99.82 100.00 101.32 103.98

EU (15 countries) 86.10 89.93 93.70 97.90 98.36 100.01 102.99 104.92
EU (28 countries) 85.73 89.58 93.51 97.95 98.42 100.01 103.02 104.96

Table 6.1: Construction cost indices of new residential buildings of the CONCERTO
countries according to European Commission - Eurostat (2013a).

A combined correction of temporal and spatial dispersions can be achieved using

Ki,j,0,t =
Kt,j

RFi,j,t · P0,t,j

with
Ki,j,0,t costs in year t corrected to base year 0

corrected from country j to reference country i
Kt,j invoiced costs in year t in country j
RFi,j,t BKI factor that corrects costs of country j

to costs of reference country i in year t
P0,t,j construction cost index that corrects costs of year t

to costs of base year 0.

Sometimes it might be necessary to change base years of price indices. This is only
possible if the time series overlap at least for one period. The calculation procedure
for a change in base years can basically be solved by the rule of three.

Pφ,t =
Pφ,a
P0,a

· P0,t
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Country 2008 2009 2010 2011 2012 2013

Germany 1.000 1.000 1.000 1.000 1.000 1.000

Austria 1.048 1.059 1.066 1.016 1.010 1.001
Belgium 0.932 0.906 0.879 0.848 0.812 0.783
Bulgaria 0.315 0.334 0.350 0.362 0.381 0.350
Croatia 0.531 0.515 0.485 0.495 0.515 0.500
Czech Republic 0.468 0.507 0.524 0.541 0.548 0.589
Denmark 1.271 1.310 1.356 1.324 1.236 1.152
Finland 0.863 0.885 0.956 0.920 0.906 0.896
France 1.090 1.042 1.006 0.975 0.990 0.948
Hungary 0.610 0.588 0.603 0.567 0.515 0.501
Ireland 1.236 1.157 1.041 0.938 0.855 0.744
Italy 0.765 0.762 0.738 0.686 0.658 0.707
Lithuania 0.562 0.596 0.624 0.636 0.615 0.548
Luxembourg 0.920 0.928 0.922 0.876 0.852 0.851
Netherlands 1.165 1.149 1.109 1.076 1.071 1.005
Norway 1.192 1.237 1.287 1.264 1.222 1.259
Poland 0.429 0.483 0.565 0.625 0.593 0.569
Slovakia 0.507 0.510 0.535 0.557 0.579 0.595
Slovenia 0.525 5.547 0.591 0.608 0.632 0.631
Spain 0.875 0.815 0.747 0.716 0.682 0.658
Sweden 1.414 1.398 1.351 1.286 1.205 1.211
Switzerland 1.388 1.366 1.200 1.144 1.194 1.240
United Kingdom 1.173 1.208 1.225 1.103 0.968 0.866

Table 6.2: BKI factors of the CONCERTO countries according to BKI Baukosten
(2008), BKI Baukosten (2009), BKI Baukosten (2010), BKI Baukosten (2011), BKI
Baukosten (2012) and BKI Baukosten (2013).

with
Pφ,t factor for correcting prices of year t to "new" base year φ
Pφ,a factor for correcting prices of year a to "new" base year φ
P0,a factor for correcting prices of year a to "old" base year 0

P0,t factor for correcting prices of year t to "old" base year 0

a overlapping time period

Corrections of costs in use
Generally, corrections for costs in use can be performed with an analogous ap-
proach. Differences occur in the choice of correction factors. Energy costs of
different years should be corrected by price increase rates for the different energy
carrier prices. Maintenance, servicing, inspection, cleaning and operation costs
are recommended to be corrected by price indices describing price changes of the
respective service sector.
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In case of energy costs spatial influences can be filtered by assuming common
energy prices for energy carriers. In case of costs for maintenance, servicing, in-
spection, cleaning and operation significant correction factors must be researched.

6.1.2 Climate corrections

In CONCERTO heating and cooling energy in buildings as well as the energy out-
put by solar systems (thermal collectors or photovoltaics) play an important role
and one objective is to compare them. The CONCERTO sites are dispersed all over
Europe and the indicators have to be revised by climate correction to make them
directly comparable. The consumption of heating and cooling energy (final or pri-
mary) in buildings is strongly dependent on the climate, primarily on the ambient
air temperature. The influence of solar irradiation is secondarily and grows with
an increasing share of glazed surface of a building’s envelope, but is usually not
considered when correcting heating energy consumption. However, for comparing
the output of solar systems the provided solar irradiation is taken into account. In
the building sector heat is used for heating and preparing domestic hot water. Only
the heating part is influenced by the climate so that one has to make sure that
the amount contributing to domestic hot water is subtracted first. If the value for
domestic hot water is not specified separately, its share can be guessed according
to common empirical values. We will find calculated heating energy (demand) and
measured heating energy (consumption) of buildings at the different CONCERTO
locations. For normalizing measured values from a certain time period the actual
climate data of the location in the same time period has to be available. An applica-
tion on calculated energy demand values - usually performed on base of the energy
certification standard in every single country - is only sensible if the input climate
data is known. And even then it can only be considered as an approximate cal-
culation as in addition the calculation algorithms for building services and building
envelope can differ from country to country. For an exact normalized comparison
all building parameters would have to be known and used by one standardized
algorithm to calculate the building’s energy demand.

6.1.2.1 Heating degree days

For normalizing heating energy consumption in different climate conditions the so-
called "heating degree days" (HDD) are used and well established. However, their
definition differs and two main algorithms are known: one implementing the build-
ing’s threshold heating temperature alone, the other one implementing the targeted
set temperature of the building additionally. Both methods calculate the sum of a
temperature difference on all days, when the heating has to be turned on (heating
day). On non-heating days the temperature difference is not included into the sum.

HDDtht =

z∑
1

(tht − ta) [K · d] ta < tht
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with
HDDti/tht Heating degree days for a time period with z heating days

(ambient air temperature being below
the heat threshold temperature tht)

z number of heating days in the time period
ti inside set temperature of the building
ta daily average ambient air temperature

HDDti/tht =

z∑
1

(ti − ta) [K · d] ta < tht

with
HDDtht Heating degree days for a time period with z heating days

(ambient air temperature being below
the heat threshold temperature tht)

z number of heating days in the time period
tht inside set temperature of the building
ta daily average ambient air temperature

When looking at European countries different application of the methodology can be
found with both different threshold and different set temperatures. That hampers a
unified calculation. In 1996 the European Commission asked for an assessment of
climatic correction methods applied in various member states. Eurostat presented
the findings to the Energy Statistics Committee and the Member States in princi-
ple approved a common method for heating-temperature correction. The method
is described in European Commission - Eurostat (2007). It employs the first de-
scribed formula and defines 15◦C as the heating threshold temperature and 18◦C
as the heating set temperature. The average daily temperature is defined as the
arithmetic mean of the minimum and maximum air temperature of that specific
day. Concerning correction of heating energy consumption within CONCERTO the
following definition is adopted.

HDD18/15 =
z∑
1

(18◦C− ta)

with
ta =

tmin + tmax
2

6.1.2.2 Cooling degree days

Definition
There is no standardized method for cooling degree days available and Eurostat
does not propose a procedure either. However, in literature and different projects a
method has become commonly accepted. The calculation is analogue to the heating
degree-days and as it is applied to air-conditioning systems very often there is no
distinction between ambient air temperature and room set temperature. The supply
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air with a specific set temperature has to be cooled down exactly at the time when
the temperature of the ambient air temperature exceeds that value. According to
the common use, the base temperature is defined as 18◦C (65◦F).

CDDst =
z∑
1

(ta − tst) [K · d]

with
CDDst Cooling degree days for a time period with z days

when ambient air temperature exceeds
the cooling set temperature st (cooling days)

z number of cooling days in the time period
st cooling set temperature
ta daily average ambient air temperature

CDDst =

z∑
1

(18◦C− ta)

with

ta =
tmin + tmax

2

6.1.2.3 Solar irradiation

Definition
The total solar irradiation that hits a horizontal surface is called global radiation and
it consists of the direct radiation and the diffuse radiation. The diffuse radiation
emerges from reflection by clouds and dust or water particles. The unit is W/m2

for instant radiation power or kWh/m2 for radiation energy in a time period. Solar
irradiation is a factor that influences the heating energy consumption as well as
the ambient temperature, but a standardized normalization method does not exist.
But for the calculation of climate corrected outputs by solar energy systems (solar
thermal collectors or photovoltaics) and for their comparison the monthly or annual
solar radiation is the appropriate measure. If comparing systems to each other
the output is normalized to one of the systems, when assessing a lot of systems a
reference value is chosen according to the approach on heating degree-days.

Wout−system,A compared to Wout−system,B ·
sol irradiationA
sol irradiationB

[kWh]

Wout−system,A·
sol irradiationref
sol irradiationB

compared to Wout−system,B∗
sol irradiationref
sol irradiationB

[kWh]

If regarding the performance indicator as division of IN by OUT as described in
chapter XY, the correction by actual solar irradiation is already implied.
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Same time period Different time periods
Same location No correction by climate Use HDD of one time period

or long-term average as
reference value

Different locations Correction by reference Step 1: Use HDD of one
climate (average of period or long-term
CONCERTO sites) of the Step 2: Correction by
time period reference climate (average

of CONCERTO sites) of the
chosen time period

Table 6.3: Procedure when comparing different sites and different time periods

6.1.2.3.1 Reference values
For making different energy consumption values at various locations comparable a
reference value is needed. If comparing two or another small number of objects
with each other it is adequate to define one of the objects as a reference. But as in
CONCERTO there are 58 sites to be considered on a European level, a neutral refer-
ence value should be chosen. Eurostat describes the method as creating "relative
degree-days" by dividing actual heating degree days from the observed time period
by the long-term average degree-days in a first step and then weighting them by
population in a second step. This is a plausible approach, but due to complexity
and due to lack of data it is inapplicable in the scope of CONCERTO. Relative and
population-weighted heating degree-days for the EU from the Eurostat report exist
only for the years 2000 to 2004. As the majority of CONCERTO projects started
after that time period another reference value is defined: within CONCERTO the rel-
ative heating degree-days will be calculated by using an arithmetical mean value of
the long-term values at the 58 sites. For comparing values from one single site for
different years the method using the long-term reference value from that specific
site is sufficient.

For correction by cooling degree-days and by solar irradiation the analog procedure
is applied.

6.1.2.3.2 Data availability
Climate data should be measured onsite to achieve most accurate climate correc-
tion (see funding requirements of CONCERTO). At least ambient air temperature
and solar irradiation should be stored in an hourly interval. If there is no measuring
onsite different sources can be found on the Internet where climate data can be
extracted, mostly providing temperatures, only few providing solar radiation. From
the website http:www.degreedays.net the heating and cooling degree days for many
European locations in a time period going back 3 years can be calculated. The
problem is, they are using their own calculation methods and weather stations are
located in larger cities. So for not-listed locations a station nearby has to be cho-
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sen. Temperatures can also be obtained from the European Climate Assessment &
Dataset project. ECA&D was initiated by the ECSN in 1998 and has received finan-
cial support from the EUMETNET and the European Commission. The ECA dataset
contains series of daily observations at meteorological stations throughout Europe
and the Mediterranean from 1950 on. It is freely available for non-commercial and
educational research and data can be calculated for every location by interpolat-
ing real climate data according to an approved scientific approach. The website
is found at http:eca.knmi.nl Another source for climate data is the Crop Growth
Monitoring System developed by MARS Project, located at European Commission
Joint Research Centre. It provides the European Commission (DG Agriculture) with
objective, timely and quantitative yield forecasts at regional and national scale.
One of the main output of the CGMS system are the METEOREOLOGICAL INTER-
POLATED data, including air temperature and solar radiation. It contains meteo
interpolated data from 1975, covering the EU member states, the central European
eastern countries, the new Independent states and the Mediterranean countries.
In compliance with the Commission policy these data are available to the scien-
tific community. The website is available under http://mars.jrc.ec.europa.eu/mars/
About-us/AGRI4CAST/Data-distribution Regarding long-term test reference years of
climate values, the purchasable Meteonorm software provides an easy user inter-
face and good export of the data.

 

Figure 6.1: Map of ECA&D E-OBS mean temperatures for 30.6.2011

Table 6.5 shows 10-year (2002-2011) average calculated heating and cooling de-
gree days as well as solar radiation for all CONCERTO communities according to the
defined methods using the above mentioned data sources.
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6.2 Classification

Sometimes the actual correction for different exogenous circumstances like climate,
economic area, temporal evolution etc. does not seem to be leading to the desired
results or a correction is not plausible at all like corrections for different building
types, packages of measures, etc.. In this case comparability can be achieved by
so-called classifications.

6.2.1 General approach

In this context a class is defined as a set of "objects" with similar characteristic
values. So within one class the objects are considered to be comparable whereas
objects of different classes should not be compared.

The assignment of an object to a specific class can be based on one or more charac-
teristics. If the assignment is based on more than one characteristic a hierarchical
classification seems to be the best solution in this context. The result of a hierarchi-
cal classification is a graded class structure with hierarchically ordered subclasses.
Depending on the number of available objects and the desired "level of compara-
bility" subclasses of a certain hierarchical level can be chosen. It is recommended
to consider the lowest possible level.

6.2.2 Characteristics for classifications

Generally, when assessing the economic, environmental and technical benefits
of energy efficiency and renewable energy measures the following characteristics
should be considered for classifications:
• climate zone
• solar radiation potential
• economic area
• year of consideration
• country
• type of demonstration object
– buildings

∗ building type
∗ package of implemented measures

– energy suppliers
∗ type of technology
∗ technical specifications

In CONCERTO the climate zone and the solar radiation potential is calculated for
each CONCERTO community whereas the economic zone is only defined on country
level.
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City municipality Country Heating Cooling Solar
degree days degree days radiation

Ajaccio France 1639.90 371.50 1512.74
Alessandria Italy 1679.00 769.60 1353.67
Almere Netherlands 2703.40 82.30 1013.37
Amsterdam New West Netherlands 2669.30 77.00 1020.90
Amsterdam North Netherlands 2699.30 77.40 1037.34
Apeldoorn Netherlands 2869.90 99.20 1005.47
Birštonas Lithuania 3889.50 118.60 1023.48
Cerdanyola de Vallès Spain 1506.80 612.40 1431.87
Cernier Switzerland 3589.30 75.30 1198.88
Delft Netherlands 2595.60 69.30 1023.62
Dundalk Ireland 3070.50 5.20 913.66
Falkenberg Sweden 3550.10 54.60 824.48
Galanta Slovakia 2832.10 155.40 1240.42
Geneva Switzerland 2958.60 178.10 1291.33
Grenoble France 3138.50 126.70 1337.79
Hannover Germany 2915.20 146.00 1008.74
Hartberg Austria 3553.20 105.10 1183.79
Heerlen Netherlands 2672.10 142.00 1032.95
Helsingborg Sweden 3345.20 60.10 995.61
Helsingør Denmark 3345.20 60.10 995.61
Hillerød Denmark 3214.80 75.30 1007.69
Høje-Taastrup Denmark 3126.20 84.20 1028.64
Hvar Croatia 1443.50 814.50 1459.55
Kortrijk Belgium 2609.90 91.90 967.48
Lapua Finland 5039.20 38.90 846.81
London Lambeth United Kingdom 2471.20 67.10 953.71
Lyon France 2431.80 293.10 1331.50
Måbjerg Denmark 3119.00 57.30 1045.68
Milton Keynes United Kingdom 2618.70 57.00 942.60
Mödling Austria 2702.10 352.20 1007.35
Montieri Italy 1807.90 489.60 1573.34
Mórahalom Hungary 2682.80 479.30 1365.05
Nantes France 1889.90 191.00 1187.44
Neckarsulm Germany 2876.20 193.90 1122.11

Table 6.4: 10-year (2002-2011) average calculated heating and cooling degree
days as well as solar radiation for all CONCERTO communities according the defined
methods using as raw data sources Haylock et al. (2008) and European Comission
(2010).
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City municipality Country Heating Cooling Solar
degree days degree days radiation

Neuchâtel Switzerland 3913.50 44.30 1198.88
North Tipperary Ireland 2873.80 7.40 962.85
Óbuda Hungary 2722.70 416.80 1245.65
Ostfildern Germany 3133.50 147.60 1161.62
Redange Luxembourg 3249.20 86.70 1025.00
Salzburg Austria 3443.90 129.00 1069.22
Sandnes Norway 3499.60 23.20 771.71
Słubice Poland 3164.70 164.80 968.27
Sofia Bulgaria 3197.30 198.80 967.86
Stenløse Denamark 3153.70 79.50 1028.64
Szentendre Hungary 2722.70 416.80 1271.64
Torino Itlay 2233.70 463.20 1377.71
Trondheim Norway 4524.50 19.40 798.67
Tudela Spain 1680.30 668.00 1436.47
Tulln Austria 2809.90 318.20 1080.29
Valby Denmark 3126.20 84.20 981.41
Växjö Sweden 3898.30 45.70 921.51
Viladecans Spain 1379.20 668.30 1403.20
Vitoria-Gasteiz Spain 1422.70 170.60 1312.02
Weilerbach Germany 1997.20 143.90 1085.71
Weiz-Gleisdorf Austria 3116.20 197.20 1222.37
Zagorje Slovenia 3114.80 203.50 1651.75
Zaragoza Spain 1591.60 270.10 1286.34
Zlín Czech Republic 3419.70 155.40 1120.26

Table 6.5: 10-year (2002-2011) average calculated heating and cooling degree
days as well as solar radiation for all CONCERTO communities according the defined
methods using as raw data sources Haylock et al. (2008) and European Comission
(2010).

 
39

 



CHAPTER 6. COMPARABILITY AND INTERPRETABILITY OF ASSESSMENT RESULTS

Depending on the analysis to be conducted a specific set of characteristics can
be chosen in order to define the different classes. In CONCERTO the following
conventions were agreed:
• When analyzing solar gains the demonstration objects shall be classified ac-
cording to the solar radiation potential of the CONCERTO site in which the
demonstration object is located.
• When analyzing energy figures the demonstration objects shall be classified
according to the climate zone of the CONCERTO site in which the demonstration
object is located and the year to which the energy figures refer.
• When analyzing CO2 figures the demonstration objects shall be classified ac-
cording to the climate zone of the CONCERTO site in which the demonstration
object is located and the year to which the CO2 figures refer.
• When analyzing investment and cost figures the demonstration objects shall
be classified according to the economic area of the CONCERTO site in which
the demonstration object is located and the year in which the investment/the
costs were incurred.

Furthermore, characteristics for classifications can also be derived from the demon-
stration objects under consideration. In CONCERTO the following conventions were
agreed:
• When analyzing buildings the demonstration objects shall be classified accord-
ing to the building type and the package of implemented measures.
• When analyzing energy suppliers the demonstration objects shall be classi-
fied according to the type of technology and further technical specifications if
necessary.

Generally, the order of the characteristics for the classification is not decisive. How-
ever, for some analysis a certain order might be preferable but this depends on a
case-to-case consideration.

6.2.3 Characteristic values in CONCERTO

After having defined the characteristics for the classification the characteristic val-
ues and/or intervals of characteristic values of the different characteristics need to
be agreed so that an assignment of demonstration objects can be achieved. In
CONCERTO the following characteristic values/intervals are applied:

Climate zone
Like already mentioned the climate in Europe is not the same everywhere. Since
CONCERTO comprises 58 communities in 23 countries there are substantial differ-
ences in the climatic conditions. This is why a differentiation according to climate
zones is recommended. For the climate zones the climate map according to Troll/-
Paffen has been considered. Each CONCERTO site is assigned to the climate zone
that it belongs to. All sites lie within cold-temperate boreal zones, cool-temperate
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Figure 6.2: Climate map according to Troll/Paffen

zones, and warm-temperate sub-tropical zones. Table 6.6 characterizes the rele-
vant climate zones that occur in CONCERTO and Figure 6.2 shows the geographical
extent.
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Solar radiation potential
Similar to the different climate zone it is also recommended to define zones of
solar radiation potential when analysing photovoltaic or solar thermal systems. The
solar radiation potential is generally given in kWh/m2. In CONCERTO the following
intervals have been agreed:
• solar radiation zone 1: x < 1000

• solar radiation zone 2: 1000 ≤ x < 1200

• solar radiation zone 3: 1200 ≤ x < 1400

• solar radiation zone 4: x ≥ 1400

Economic area
In CONCERTO the economic area is defined using the BKI Länder-Baukosten-Anpassungsfaktoren
(country-construction-cost-matching-coefficients). Those matching-coefficients re-
flect the different construction cost levels within the EU. The following intervals have
been defined for the classification:
• matching coefficient ≤ 0.5

• matching coefficient 0.5 < x ≤ 0.75

• matching coefficient 0.75 < x ≤ 1.0

• matching coefficient ≥ 1.0

Year of consideration
Due to i.a. technological progress, inflation, etc. economic figures like investments,
costs and prices vary over time. Furthermore, also primary energy and CO2 emis-
sion factors for e.g. electricity underly a temporal evolution because the share of
renewable energies has been changing rapidly in the last few years. Therefore, it
is essential to always mention the year of consideration.

Unfortunately, in CONCERTO it is not always possible to get the corresponding year
of consideration. Therefore, the generation of the CONCERTO site is chosen as
an alternative. Each generation corresponds to an interval of time out of which a
representative year is selected.
• generation 1: 2005-2010; representative year: 2006
• generation 2: 2007-2012; representative year: 2008
• generation 3: 2010-2015; representative year: 2012

Buildings - building type
When the considered demonstration objects are buildings a comparison only makes
sense when the building types are the same. In CONCERTO the following types are
distinguished:
• residential building - single and two family house
• residential building - small multiple family house (3-10 dwellings)
• residential building - large multiple family house (10-20 dwellings)
• residential building - large housing estate (> 20 dwellings)
• non-residential building - office building
• non-residential building - education building (school, kindergarten)
• non-residential building - other
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Buildings - packages of measures
In CONCERTO both measures affecting the building envelope and the technical
installations have been implemented. Generally, only comparisons of similar pack-
ages of measures are significant. This is why the following packages have been
defined for the classification:
• measures affecting the building envelope
• measures affecting the technical installations
• measures affecting the building envelope and technical installations.

Energy suppliers - type of technology
Generally, when assessing energy suppliers the different types of technology should
be distinguished. For CONCERTO the following types are relevant:
• building integrated energy supply units
– biomass boiler
– solar thermal collector
– heat pump
– micro CHP
– photovoltaics
– sorption chiller
– heat pump for heating and cooling
– other

• community energy supply units
– biomass plant
– geothermal plant
– solar thermal collectors
– CHP plant
– photovoltaics
– wind power plant
– hydro power plant
– district heating/cooling network
– thermal storages
– biogas generation plant
– other

Energy suppliers - technical specifications
For some of the energy supply technologies it might be reasonable to introduce
further classification criteria concerning the specific technical specifications. For
example photovoltaic systems can be closer characterized by the integration of
PV modules or solar thermal collectors by the collector type. To what extent a
subdivision is necessary depends on the specific analysis and questions as well as
on the amount of available data sets.
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Chapter 7

Boundary conditions

The definition of boundary conditions is especially essential for the assessment of
the economic benefits of measures intended to enhance the energy efficiency and
to increase the usage of renewable energy sources. In particular, the following
items are refered to as boundary conditions
• the reference study period
• the discount rate
• the predicted energy price- increase rate
• the costs of damage for a ton of CO2 equivalents for a macroeconomic assess-
ment.

The choice of boundary conditions has a decisive influence on the assessment re-
sults. Therefore those conditions should be set with careful consideration and with
regard to the respective context as well as the questions to be answered. In order
to guarantee the comparability of results only those results can be compared which
were calculated using the same boundary conditions.

With the Commission Delegated Regulation (EU) No 244/2012 of 16. January 2012
(European Commission (2012)) the European Union presents a common set of
boundary conditions for the assessment of the economic benefits of measures in-
tended to enhance the energy efficiency and to increase the usage of renewable
energy sources. They are introduced in the following.

Reference study period
The European Commission (2012) sets the reference study period for residential
and public buildings to 30 years and for industrial and non-residential building to
20 years.

Discount rate
When setting the discount rate the European Commission (2012) distinguishes be-
tween the calculation of benefits from a financial and macroeconomic perspective.
For the calculations from the financial perspective no concrete suggestion is made.
For the calculation from the macroeconomic perspective the discount rate should
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be 3%.

In CONCERTO two scenarios are calculated, one using 3% and the second using
0% as discount rate.

Predicted energy prices
Capros et al. (2010) predict international fuel prices to grow with oil prices reaching
73e per barrel of oil in 2020 and 91e per barrel of oil in 2030. Gas prices follow a
similar growth reaching 51e per barrel of oil equivalent in 2020 and 66e per barrel
of oil equivalent. All price figures are measured in real and constant prices e 2008.

When linearizing the given discrete oil and gas prices an energy price increase rate
of approximately 5% per year can be taken as a rough estimate. This is done for
the CONCERTO calculations.

Costs of damage for a ton of CO2 equivalents for a macroeconomic assess-
ment
According to the European Commission (2012) the costs of damage for a ton CO2

equivalents should be at least 20e until 2025, 35e until 2030 and 50e after 2030
measured in real and constant prices e 2008.

In CONCERTO costs of damage for a ton of CO2 equivalents are assumed to be 20e.

Like already mentioned, the European Commission (2012) distinguishes between
two perspectives when assessing the economic benefits of measures intended to en-
hance the energy efficiency and to increase the usage of renewable energy sources
- the financial and the macroeconomic perspective. In general, those two perspec-
tives differ in the types of costs that are included in the calculation, the discount
rate and the the figures are taken into consideration when valuing costs.

When assessing the benefits from a financial perspective no costs of damage for
emitted CO2 emissions are taken into consideration. Furthermore, when deter-
mining the global cost of a measure/package/variant for the financial calculation,
the relevant prices to be taken into account are the prices paid by the customer
including all applicable taxes including VAT and charges. Ideally also the subsi-
dies available for different variants/packages/measures are to be included into the
calculation.

When assessing the benefits from a macroeconomic perspective the costs of dam-
age for emitted CO2 emissions should be taken into consideration. When deter-
mining the global cost for the macroeconomic calculation of a measure/package/-
variant, the relevant prices to be taken into account are the prices excluding all
applicable taxes, VAT, charges and subsidies.
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Chapter 8

Characterization of performance
indicators

8.1 Fundamentals and advice

For the actual assessment procedure indicators are assigned to assessment criteria
(see chapter 4). Generally, indicators compare efforts and benefits in a concrete
way. Usually the way for comparing efforts and benefits, the perspective of the
consideration as well as the representation and possibilities of interpretation vary.
In this respect the input parameters for the quantification of efforts and benefits
are at least partially the same for different indicators. Therefore, a modular struc-
ture was chosen for the following illustrations. The indicators are characterized
regarding their relevant input parameters and calculation rules. The description of
the determination of the input parameters including the explanation of assumptions
and boundary conditions can be found in the chapters 9 and 7. Advice for the se-
lection of appropriate reference values is given in chapter 9.1.3. Accordingly, the
characterization of the indicators has the following structure:
• indicator designation
• definition
• interesting questions
• adequacy for stakeholder groups
• adequacy for objects of assessment
• description of relevant input parameters and boundary conditions with refer-
ence to the modules of the chapters 9 and 7.
• calculation rule
• unit and if needed reference figures
• possibilities of interpretation
• numeric example
• interdependencies with other performance indicators
• ranges/intervals of confidence for plausibility checks
• information on baselines or benchmarks
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8.2 Description of performance indicators

8.2.1 Economic performance indicators

Measures of energy efficiency and renewable energies in the housing sector are nor-
mally linked with high investments and aim at reducing future financial expenses.
Naturally, in this context aspects of economic efficiency of alternative investments
are focused taking into account the unique point of view of the stakeholder and/or
the object of assessment.

Generally, for an economic analysis of investment projects two approaches can be
distinguished:
• cost accounting and
• the dynamic efficiency analysis.

The cost accounting is based on costs and is regarded as the process of collecting,
analysing, summarising and evaluating various alternative courses of action involv-
ing costs and advising the investor on the most appropriate course of action based
on the cost efficiency and capability of the investor.

The dynamic efficiency analysis, however, is based on payments or cash flows for
several periods. This approach is used for the assessment of the economic efficiency
of an investment that is represented by the payments/cash flows over several peri-
ods. The efficiency analysis is often used in order to decide whether an investment
should be carried out or not.

In CONCERTO Premium it is considered that incoming/outgoing payments/cash
flows correspond to revenues/costs. This is a simplification which seems to be
commonly used in the construction sector. In the following the terms costs/rev-
enues and incoming/outgoing payments/cash flows are used synonymously.

For the assessment carried out within CONCERTO Premium the performance indi-
cators are assigned to the economic assessment criteria defined in chapter 4. The
following assignment was chosen:

Cost figures
• specific construction cost figure
• life cycle costs of building Operation
• life cycle costs of energy Generation

Economic efficiency related to a reference case
• economic payback period
• annuity gain

Before characterizing each chosen performance indicator two essential methods
for the dynamic efficiency analysis are introduced. Firstly, the net present value
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method is described and secondly the complete finance plan. The concepts un-
derlying those methods are crucial for the understanding and calculation of the
following indicators. This is why the description of the idea behind the methods is
broadly presented in advance.

Net present value method
For all dynamic considerations the issue of cash flow streams must be addressed.
Cash flow streams are payments that occur at different points in time. Generally,
it is argued that payments of different time periods cannot be compared directly.
This is why at first all payments must be referred to a common time period. By
discounting the payments to the agreed point in time, in most cases t = 0, the
comparability is established. In contrast to static considerations, the absolute value
is no longer the only influence but also the timely structure of the cash flow stream.
The general calculation rule is stated below:

Net present value = I0 +

T∑
t=1

Et −At
(1 + i)t

with

I0 initial investment in t=0
Et cash inflow in t
At cash outflow in t
T reference study period
i discount rate

The net present value can be interpreted as the surplus yielded by an investment
at the time period t = 0, "today". If the net present value equals 0 the investor
gets back the invested capital plus interest payments according to the discount
rate. The investment is as beneficial as an investment in the capital market with
the same (risk equivalent) interest rate. If the net present value is > 0 the investor
gets back the invested capital plus interest payments higher than according to the
discount rate. If the net present value is < 0 the investment does not yield interest
payments according to the discount rate. The investment is not beneficial from an
economic point of view.

If alternative investments are compared the one with the highest net present value
is relatively spoken the most beneficial. Furthermore, net present values of alter-
native investments can be summed up or subtracted since the method is additive.

For further information about the net present value or capital value method the
VDI-6025 (1996) can be consulted.

Some performance indicators are characterized using simplified assumptions, like
constant cash flows or at least constantly increasing cash flows (e.g. using increase
rates). If the assumptions of the evaluation shall be more specific the respective
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cash flow stream must be defined and inserted in the above-mentioned calculation
rule.

Excursus: Complete finance plan
The complete finance plan is a method or an instrument to simultaneously consider
investment and financing issues. When investing in energy efficiency or renewable
energy measures there is generally a high up-front investment that cannot always
be fully financed by equity. Furthermore, there are special grant schemes for energy
efficiency and renewable energy measures supporting the investor (see 9.3.1).
Evaluations of (partially) debt-financed and/or grant-supported investments should
be based on the complete finance plan.

Contrary to the net present value the complete finance plan calculates the value of
the investment in t = T , the end of the reference study period. This is naturally
given by the underlying method. Furthermore, different debit and credit interest
rates as well as detailed tax considerations can be included in the calculation.

For more detailed information on complete finance plans see Grob (1993).

Remark: For some stakeholders it might be interesting to include financial support
into the evaluation of economic benefits. In general, like mentioned above, this
is possible by using the complete finance plan. If the grant scheme provides non-
repayable single payments a direct consideration of grants is also possible. In a
first preparatory step, the upfront investment/construction costs can be reduced
by the amount of financial support. After this step the calculation of indicators can
be conducted like described. In any case, it should be stated if grants are taken
into account or not.
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8.2.1.1 Specific construction cost figures

Definition
Specific construction cost figures are construction costs that are related to a ref-
erence unit, for example m2, kWpeak. Generally, total construction cost figures of
different objects are hard to compare and interpret because they significantly de-
pend on the size of a building or energy supply installation.

Interesting questions
• In case of new constructions: are the specific construction cost figures of
energy optimized buildings significantly higher than of conventional buildings?
• In case of refurbishments: is it significantly more expensive to improve the
energy-efficiency when renovations have to be undertaken anyway?
• In case of building-integrated energy supply units, e.g.: PV panels: when
considering time series, is the technology getting cheaper?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [e/reference unit]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

costs under
consideration

ccon [e] X 9.2.1

reference unit uref [m2] X 9.1.1

Calculation rule
Specific cost figure =

ccon
uref

Comparability and possible interpretations
Comparisions of calculated values only make sense if
• the same cost categories
• the same reference units, e.g. in case of buildings: the same floor area
definition
• the same economic area (e.g. same country)
• VAT included or excluded
• for buildings: the same building type (residential/non-residential building; sin-
gle family house/multi family house, etc.)

are considered.

Generally, significant interpretations of the indicator value are only possible when
benchmarks are available. The calculated value can be compared to the benchmark
so that deviations can be identified and interpreted.

Numeric example: New construction
In Ostfildern, Germany, a 200 m2 energy-optimized single family house was newly
constructed in 2009. The total construction costs excluding VAT amounted to
189,667e.

Unit Value

construction costs [e] 189,667
gross floor area [m2] 200

specific construction cost figure [e/m2] 948.33

The specific construction costs of one m2 of energy-optimized new construction in
Germany in 2009 was 948.33e.

Numeric example: PV
In London Lambeth, UK, a monocrystalline facade-integrated PV installation of 63
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kWpeak was implemented. The costs including VAT amounted to 366,345e. The PV
system was installed in 2007.

Unit Value

costs [e] 366,345
installed capacity [kWpeak] 63

specific cost figure [e/kWpeak] 5,815

The specific costs of one kWpeak in London Lambeth, UK, in 2007 was 5,815e.

Interdependencies with other performance indicators
• Construction cost figures are needed as input parameters for other economic
indicators.
• Contrasting specific construction cost figures and specific energy and/or emis-
sions figures of one objects can lead to interesting results.

Plausibility corridors
Plausibility corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

new construction - residential [e/m2] 700 2,000
refurbishment - residential [e/m2] 50 500

PV installations [e/kWpeak] 2,000 7,000

Sources for benchmarks
Benchmarks for costs normally develop over time because of different reasons. In
case of innovative technologies costs can decline over time because of i.a. learning
effects and economies of scale. In the construction sector costs underlie construc-
tion economic fluctuations. This is why sources are given where to find updated
figures for benchmarkings:
• new constructions
– for Germany: BKI - Baukosteninformationszentrum Deutscher Architek-
tenkammern, yearly update of statistical cost figures for different building
types individually calculated.

• energy refurbishments
– for Germany: Neddermann (2009) Energetische Gebäudemodernisierung:
Kosten, Wirtschaftlichkeit, CO2-Reduktion

• building integrated energy supply systems
– for Germany: Neddermann (2009) Energetische Gebäudemodernisierung:
Kosten, Wirtschaftlichkeit, CO2-Reduktion

 
53

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

8.2.1.2 Life cycle cost of building operation

Definition
Traditionally when constructing buildings only the initial investment/construction
costs are considered whereas follow-on costs are often ignored or neglected. How-
ever, the indicator life cycle costs of building operation contains the total cost of
owning, operating and maintaining the building. Therefore, it is taken into account
that higher initial investments/construction costs can result in e.g. lower energy
and/or maintenance costs over the lifetime which might induce lower overall costs.
Generally, this concept can also be applied for (deep) refurbishments. In case of
(deep) refurbishments it is assumed that the building enters a new life cycle so that
the refurbishment marks a restart in the considerations.

Interesting questions
• How do an improved energy efficiency and the increased use of renewable
energy sources affect the life cycle costs of a new constructed building?
• Do buildings with extensive and/or innovative technical installations possibly
have higher servicing and maintenance costs than buildings with conventional
technical installations?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings
energy supply unit
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant
energy supplier
legislator/grant provider
tenant/user
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Unit: [e/m2]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

construction
costs

Ctotal [e] X 9.2.1

costs in use cuse,x [e/year] X 9.2.2
replacement
investment

ireplace [e] X 9.2.2

time of
replacement

E [year] X 9.2.2

end-of-life
costs

cend [e] X 9.2.3

reference unit uref [m2] X 9.1.1

discount rate i [%] X 7
price increase

rate
r [%] X 7

reference
study period

T [years] X 7

Calculation rule: Simplified

Life cycle cost =
Ctotal +

∑T
t=1

(
cuse·(1+r)t

(1+i)t

)
+

ireplace

(1+i)E
+ cend

(1+i)T

uref

Exact calculations are possible using the method of complete finance plan.

Comparability and possible interpretations
Comparisions of calculated values only make sense if
• the same cost categories
• the same reference units, e.g. in case of buildings: the same floor area
definition
• the same economic area (e.g. same country)
• for buildings: the same building type (residential/non-residential building; sin-
gle family house/multi family house, etc.)
• the same boundary conditions (discount rate, price increase rate, reference
study period)

are considered.
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Generally, significant interpretations of the indicator value are only possible when
benchmarks are available. The calculated value can be compared to the benchmark
so that deviations can be identified and interpreted.

Numeric example: New construction
In Cerdanyola, Spain, a 4054 m2 multi family building was newly constructed in
2007. The building is equipped with a condensing boiler using domestic gas for
heating and domestic hot water. The total construction costs were 5,355,000e
including VAT and the costs in use are expected to be approximately 10,000e/year
with an average price increase rate of 4% per year. The costs for the replacement
of the boiler after an expected lifetime of 30 years is estimated to be 40,000e.
(Not all needed data was available for the object so some figures are estimated.)

Unit Value

construction costs [e] 5,355,000
costs in use [e/year] 10,000
replacement investment [e] 40,000
time of replacement [year] 25
end-of-life costs [e] 200,000
reference unit [m2] 4,054

discount rate [%] 3
price increase rate [%] 4
reference study period [years] 50

life cycle costs [e/m2] 1,490

The life cycle costs of the exemplary building with the assumed boundary conditions
are 1490 e/m2.

Interdependencies with other performance indicators
• Cost figures are needed as input parameters for other economic indicators.
• Contrasting specific cost figures and specific energy and/or emissions figures
of one objects can lead to interesting results.
• Exact calculations are possible using the method of complete finance plan
because cash flows can be differentiated and multiplied with individual price
increase rates. Furthermore, several replacement investments can be consid-
ered.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

new construction [e/m2] 800 2,500
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Sources for benchmarks
Benchmarks for costs normally develop over time because of different reasons. In
case of innovative technologies costs can decline over time because of i.a. learning
effects and economies of scale. In the construction sector costs underlie construc-
tion economic fluctuations. This is why sources are given where to find updated
figures for benchmarkings. For new constructions benchmarks can generally be
found in the context of sustainability certifications.

Literature, standards
• ISO-15686-5 (2008) Buildings and constructed assets - Service-life planning,
Part 5 Life Cycle Costing
• GEFMA-220 (2006) Lebenszykluskostenrechnung im FM: Einführung und Grund-
lagen
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8.2.1.3 Life cycle costs of energy generation

Definition:
The Life Cycle Cost of Energy Generation (LCOE) can be applied to any energy
system. LCOE contain the total cost of owning, operating and maintaining an en-
ergy supply unit. The indicator includes the investments and the prospective cash
flows over the technical/economic lifetime of the facility. It is applicable to identify
the least cost alternatives of energy generation technologies. LCOE consider only
expenditures without taking the investment grants and revenues for energy sales
into account. In the case of polygeneration, the energy input has to be allocated to
the respective outputs. Here, the exergy-based approach is used (Ref: VTT). This
method is explained separately in Chapter 9.

The following elements must be considered when determining the LCOE:
• total investments
• total grants
• total annual cost including fixed and variable operating cost
• total revenues for energy sales
• discount rate
• economic lifetime of the energy system
• produced energy over the monitored period
• exergy factor of energy carrier.

Adequacy for objects of assessment

building component and system
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood
community
(region)
(country)
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [e/MWh]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

monitored/
designed

output energy
flow of energy
carrier EC in
year t

OUTEC,t [kWh/a] X

exergy factor
for the output
of energy
carrier EC

EXEC - X 10.3

investments in
t0

I0 [e] X 10.1

total grants in
year t0

G0 [e] X 10.1

monitored/
designed total
annual cost in
year t including
fixed and
variable

operating cost

At [e] X

monitored/
designed total
revenues for
energy sales in

year t

Rt [e] X

discount rate i [%] X 7
reference

study period of
energy system

n [a] X 7
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Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

year of
available
monitoring
data

j - X

set of years
with available
monitoring
data

J [a] X

Calculation rule life cycle costs of energy generation

LCOEEC =

j∑
t=1

OUTEC,t·EXEC

∑
EC

j∑
t=1

(OUTEC,t·EXEC)
·
(
I0 +

n∑
t=1

At

(1+i)t

)
n∑
t=1

OUTEC,t

(1+i)t

with:

At =


A designed
t forJ = {}
j∑

t=1
A monitored

t

j forJ 6= {}
OUT EC,t =


OUT EC,t forJ = {}
j∑

t=1
OUTEC,t

j forJ 6= {}

Possibilities of interpretation
On the basis of the Life Cycle Costs of Energy Generation the investor is able to
evaluate the most economic technology for energy supply. The technology with the
lowest value is the most cost efficient one and should be considered for investment
from an economic point of view.

Numeric example
Example 1: CHP plant
Consider a CHP biomass plant using an Organic Rankine Cycle (ORC). The maximum
thermal output of the plant excluding peak load boiler is 7 MWth. The maximum
electricity output of the plant excluding peak load boiler amounts to 1 MWel. The
initial total investment of the plant is e2009 5 million and the economic lifetime 20
years. The monitoring performance of the first three years is available and depicted
in the table below:
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Term Unit Year 1 Year 2 Year 3 Average

Annual operating costs [e/a] 488,098 534,989 602,372 541,820

Annual revenue for electric-
ity

[e/a] 763,565 809,466 555,403 709,478

Annual revenue for heat [e/a] 1,347,928 1,484,044 1,756,829 1,529,600

Annual electricity generation [MWhel/a] 3,327 3,527 2,420 3,091

Annual heat generation [MWhth/a] 24,351 26,810 31,738 27,633

The exergy factor EXCHP,EC=ELEC,t for electricity is 1 and the exergy factor for heat
EXCHP,EC=HEAT,t is 0.22. The investor uses the discount rate of 8%. The LCOE for
electricity and heat are calculated as:

LCOEELEC =

3∑
t=1

(3,091 MWhel ˙1)

3∑
t=1

(3,091 MWhel · 1)+
3∑

t=1
(27,633 MWhth · 0.22)

· (5, 000, 000 e +
20∑
t=1

541,820 e
1.08t )

20∑
t=1

3,091 MWhel
1.08t

= 114.61 e/MWhel

and

LCOEHEAT =

3∑
t=1

(27,633 MWhel · 0.22)

3∑
t=1

(3,091 MWhel · 1)+
3∑

t=1
(27,633 MWhth · 0.22)

· (5, 000, 000 e +
20∑
t=1

541,820 e
1.08t )

20∑
t=1

27,633 MWhel
1.08t

= 25.22 e/MWhth

Hence, the LCOE for electricity amount to 114.61 e/MWhel and 25.22 e/MWhth.

Example 2: Wind
Consider a wind turbine that produces electricity on-shore. The initial investment
is e2010 2.4 million. The turbine has been in operation for 3 years with 2,000 h/a
full load hours in the first year (t1), 1,500 h/a in the second year (t2) and 1,750 h/a
in the third year (t3). The annual monitored operating costs are 1.5% of the initial
investments and therefore 36,000 e/a. The investor calculates with a discount rate
of 8%. The subsequent table defines the boundary conditions for computing the
Life Cycle Costs of Energy Generation.
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Term Symbol Unit Value

electrical capacity Pel [MWel] 2

electricity generation year 1 OUTELEC,1 [MWhel] 4,000

electricity generation year 2 OUTELEC,2 [MWhel] 3,000

electricity generation year 3 OUTELEC,3 [MWhel] 3,500

annual operating costs Amonitoredt [e] 36,000

economic lifetime Tlife [a] 20

The average annual electricity output of the wind turbine over the 3 monitored
years amounts to 3,500 MWhel. As electricity is the only energy output of the wind
turbine, no procedure is needed to allocate the operating costs to different outputs.
The incurred cost is the sum of the initial investment and the sum of the discounted
total annual cost. This amounts to 2,400,000 e + 353,453 e = 2,753,453 e. The
denominator of the LCOE is represented by the sum of the discounted annual energy
flows. This sum is calculated to be 34,364 MWh. In summary, the Life Cycle Costs
of Energy Generation is the ratio of the resulting figures which yields 80.13 e/MWh.
The detailed calculation is depicted as follows:

LCOEELEC =

3∑
t=1

(3,500 MWhel · 1)

3∑
t=1

(3,500 MWhel · 1)
· (2, 400, 000 e +

20∑
t=1

36,000 e
1.08t )

20∑
t=1

3,500 MWhel
1.08t

=
2, 753, 453 e

34, 364 MWhel
= 80.13 e/MWhel

For purpose of comparison, the ranges of LCOE for different technologies are de-
picted in the Figure below1. Both LCOE of the examples range close above the
average values for biomass (90.57 e/MWh) and for wind (72.94 e/MWh).
1Values are based on EIA information and adopted by the average exchange rate EUR/USD of year

2010 by 1.3271 based on Credit Suisse data.

 
62

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

Interdependencies with other performance indicators
• Specific construction cost figure
• Life cycle costs of building operation
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8.2.1.4 Economic payback period

Definition according to BS 8544 draft:
The payback period is the time it takes to cover investment costs. It can be cal-
culated from the number of years elapsed between the initial investment and the
time at which cumulative savings offset the investment. Simple payback takes real
(non-discounted) values for future monies. Discounted payback uses present val-
ues. Payback in general ignores all costs and savings that occur after payback has
been reached.

Several calculation variants are possible. For example energy price increase rates
can be assumed.

Interesting questions
• How long does it take until investments in energy efficiency or renewable
energy measures have paid back?
• Do measures in energy efficiency improvements at the building envelope have
a longer payback period than renewable energy measures, like e.g. installing
PV panels on the roof?
• To what extent are grants and subsidies needed to make investments in the
energy efficiency retrofit of a building economically beneficial from the view of
selected stakeholders?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant
energy supplier X
legislator/grant provider
tenant/user
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Unit: [years]
List of input parameters:

Name Symbol Unit Source Type Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

A B C

energy-related
investment

Ienergy [e] X X X X 9.2.1.1

average annual
costs in use
savings

m [e/year] X X X X 9.2.2.1

discount rate i [%] X X 7
energy price
increase rate

p [%] X X X 7

Calculation rule: Type A static

Economic payback period =
Ienergy
m

Calculation rule: Type B dynamic

Economic payback period =
ln (m · (1 + i))− ln (Ienergy − Ienergy · (1 + i) +m)

ln (1 + i)
− 1

Calculation rule: Type C dynamic with energy price increase rate

EPP =
ln (m · (1 + i))− ln (Ienergy · (1 + p)− Ienergy · (1 + i) + (1 + p) ·m)

ln (1 + i)− ln (1 + p)
− 1

Comparability and possible interpretations
The time span determined (payback period) is usually considered as an additional
criterion to assess the investment, especially to assess the risks. Investments
with a short payback period are considered safer than those with a longer payback
period. As the invested capital flows back slower, the risk that the market changes
and the invested capital can only be recovered later or not at all increases. On the
other hand costs and savings that occur after the investment has paid back are not
considered. This is why sometimes decisions that are based on payback periods
are not optimal and it is recommended to also consult other indicators.

In case of dynamic payback periods the comparability is only ensured if the same
discount rate and if applied the same energy price increase rate are assumed.

When calculating economic payback periods for energy efficiency or renewable en-
ergy measures it is essential to only contrast the costs in use savings with the
specific part of the investment/total costs that triggers the costs in use savings.
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Numeric example building
In Hannover, Germany, a single family house built in 1938, gross floor area 160m2

was retrofitted. The insulation of the building envelope included the following mea-
sures
• external walls: 18 cm thermal insulation composite system
• floor slab: 30 cm mineral wool
• basement ceiling: 10 cm expanded perlite
• windows: thermal insulation glazing (triple glazing).

The costs for the retrofit was around 76,000e. The calculated costs in use savings
are approximately 2,500e/year.

Unit Value

energy-related investment [e] 76,000
average annual costs in use savings [e/year] 2,500

discount rate [%] 3
energy price increase rate [%] 5

static payback period [years] 30.4
dynamic payback period [years] 82.2
dynamic payback period with energy price increase rate [years] 23.7

Depending on which type or variant of the indicator is calculated the economic
payback period ranges between 24 and 83 years. For the dynamic types the in-
put parameters discount rate and energy price increase rate influence the results
significantly.

Numeric example solar thermal collectors
In Tulln, Austria, 8 m2 building integrated solar thermal collectors were installed
on top of a single family house. The collectors are only used for solar water heat-
ing. The invested capital was 6,500e and the annual costs in use savings were
calculated to be approximately 300e/year.

Unit Value

energy-related investment [e] 6,500
average annual costs in use savings [e/year] 300

discount rate [%] 3
energy price increase rate [%] 5

static payback period [years] 21.7
dynamic payback period [years] 35.5
dynamic payback period with energy price increase rate [years] 17.9

Depending on which type or variant of the indicator is calculated the economic
payback period ranges between 18 and 35.5 years. For the dynamic types the
input parameters discount rate and energy price increase rate influence the results
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significantly.

Interdependencies with other performance indicators

• The economic payback period can be compared/contrasted with energy and
emission payback periods in order to gain an overall picture of the impacts of
the measures.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

new construction [years] 1 50
refurbishment [years] 1 50

PV installations [years] 5 30

Sources for benchmarks
Generally, the (remaining) lifetime of the object under consideration can be inter-
preted as rather rough value for a benchmarking. As long as the payback period
is shorter than the (remaining) lifetime of the object an investment seems to be
economically beneficial.

Literature, standards

• VDI-6025 (1996) Economy calculation systems for capital goods and plants
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8.2.1.5 Annuity gain

Definition
The indicator annuity gain gives an impression about how much money can be
saved or must be paid annually when implementing energy efficiency or renewable
energy measures. Contrary to the economic payback period which suggests that
an investment only gets profitable after x years the annuity gain states that from
the beginning on a profitable investment yields positive monetary effects. If the
annuity gain is negative the investment is not profitable under the given conditions
(reference study period, discount rate).

Interesting questions
• Does a measure pay off from a purely economic point of view?
• To what extent are grants and subsidies needed to make investments in the
energy efficiency retrofit of a building economically beneficial from the view of
selected stakeholders?
• When the investment/construction costs are spread over the reference study
period and contrasted with the annual energy cost savings how much money
can be saved per year?
• Is it economically more reasonable to invest in thermal insulation of the build-
ing envelope or its improvement or in technical installations or its retrofit,
respectively?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [e/year]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

energy-related
investment

Ienergy [e] X 9.2.1.1

average annual
costs in use
savings

m [e/year] X 9.2.2.1

reference
study period

T [years] X 7

discount rate i [%] X 7

Calculation rule

Annuity gain = m− Ienergy ·
i · (1 + i)T

(1 + i)T − 1

Comparability and possible interpretations
In case of annuity gains the comparability of two objects is only ensured if the same
discount rate and reference study period are assumed.

When calculating annuity gains for energy efficiency or renewable energy measures
it is essential to only contrast the costs in use savings with the specific part of the
investment/total costs that triggers the costs in use savings.

Numeric example building
In Falkenberg, Sweden, single-family house built in 1942 was refurbished. The
measures included
• thermal insulation of outside walls
• thermal insulation of roof
• thermal insulation of basement
• replacement of windows

The initial energy-related investment for the measures was 13,500e the annual
costs in use savings are expected to be approximately 1200e.
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Unit Value

energy-related investment [e] 13,500
average annual costs in use savings [e/year] 1,200

reference study period [years] 40
discount rate [%] 3

annual gain [e/year] 615

The annuity gain of the investment in energy efficiency measures in Falkenberg is
615e/year.

Numeric example: PV
In Neckarsulm, Germany, 4.04 kWpeak PV panels were installed on top of a single-
family house in 2010. The initial investment was 13,290e, the total production of
electricity from the installation was calculated to be 3636 kWpeak and the annual
costs in use savings are expected to be approximately 950e.

Unit Value

energy-related investment [e] 13,290
average annual costs in use savings [e/year] 950

reference study period [years] 20
discount rate [%] 3

annual gain [e/year] 56

The annuity gain of the investment in the PV installation in Neckarsulm is 56e/year.

Interdependencies with other performance indicators
• If the dynamic payback period (without considering energy price increase
rates) is shorter than the reference study period the annuity gain is positive.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

new construction [e/year] 10 500
refurbishment [e/year] 10 2,000

PV installations [e/year] 5 30

Sources for benchmarks
Exemplary literature values for energy efficiency measures of the building envelope
and building integrated energy supply systems which can be used as benchmarks
can be found in Enseling and Hinz (2008).
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Literature, standards

• Enseling and Hinz (2008) Wirtschaftlichkeit energiesparender Massnahmen im
Bestand vor dem Hintergrund der novellierten EnEV
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8.2.2 Macro-economic performance indicators

Besides micro-economic considerations concerning energy efficiency and renew-
able energy measures also macro-economic evaluations play an important role in
the context of an overall assessment. Particularly, the assessment categories added
value for the region, economic effects of grants provided and external effects are
of special interest in CONCERTO. Especially, legislators, local authorities and grant
providers are target groups in focus.

Positive effects of grants provided
In order to get an impression about the positive effects of a grant programme per-
formance indicators like the triggered investment per grant, the triggered energy
savings per grant and the triggered CO2 emission savings per grant can be cal-
culated. In all cases multipliers are derived that quantify the acceptance and the
success of the grants provided.

Added value for the region
Normally, when implementing energy efficiency and renewable energy measures
on a larger scale a significant part of the investment stays within the region since
local craft businesses are instructed to implement the measures. As a result jobs
can be created or maintained in the region. Therefore, the performance indicator
employment effects is described.

External effects
Since external effects lead to a distorted allocation of resources a special interest
is on the identification, quantification and monetarisation of those effects in order
to internalize them and establish compensatory payments. With this approach the
market mechanism should be re-established so that a "normal" market equilibrium
can be reached. Performance indicators on this context are the avoided external
costs.
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8.2.2.1 Triggered positive effect per grant

Definition:
The performance indicator triggered positive effect per grant shall give an impres-
sion about the positive effects of a grant scheme. The indicator can be calculated
in different variations. Positive effects can be i.a.:
• stimulation of investment activity
• stimulation of primary energy non-renewable savings
• stimulation of CO2 savings.

In order to compare the effects of different amounts of grant the total positive effect
is related to the total amount of grants received.

Interesting questions
• How much investment can be triggered by one funded euro?
• How much primary energy non-renewable can be saved by one funded euro?
• How much CO2 can be saved by one funded euro?

Adequacy for objects of assessment

building component and system
individual building
group of buildings X
energy supply unit
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor
planner/consultant
energy supplier
legislator/grant provider X
tenant/user
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Unit: [e/e], [kWh/e], [kg/e]
List of input parameters:

Name Symbol Unit Source Type Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

A B C

total
investment

Itotal [e] X X 9.2.1

primary energy
non-renewable

saved

Esaved [kWh] X X 9.4.1.2.2

CO2 emissions
saved

CO2,saved [kg] X X 9.4.2.2.2

total grants
provided

Gtotal [e] X 9.3.1

Calculation rule: Type A

Triggered investment per grant =
Itotal
Gtotal

Calculation rule: Type B

Triggered energy savings per grant =
Esaved
Gtotal

Calculation rule: Type C

Triggered CO2 savings per grant =
CO2,saved

Gtotal

Possibilities of interpretation
This performance indicator accounts for the economic and/or environmental suc-
cess of a grant scheme. The more investment, primary energy non-renewable
savings, CO2 savings are triggered per grant the more successful the programme
was.

Numeric example
Consider the following aspects of a grant programme supporting energy efficiency
measures. In 2010 the German programme "Energieeffizient Sanieren" resulted
in total investments of 7,042 Mio.e whereas the total grants provided amounted
to 770 Mio.e. The total non-renewable primary energy savings of the programme
were 3,460 GWh and the total CO2,e savings 847,000 tons, respectively.
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Unit Value

total investment [e] 7,042 Mio.
total non-renewable primary energy savings [GWh] 3,460
total CO2,e savings [t] 847,000
total grants [e] 770 Mio.

triggered investment per grant [e/e] 9.1
triggered non-renewable primary energy savings per grant [kWh/e] 4.5
triggered CO2,e savings per grant [kg/e] 1.1

The positive effects achieved by of the grant scheme can be characterized as fol-
lows:
• The triggered investment per grant was 9.1 [e/e],
• the triggered non-renewable primary energy savings was 4.5 [kWh/e] and
• the triggered CO2,e savings per grant was 1.1 [kg/e].

Interdependencies with other performance indicators
Generally, the indicators triggered investment/non-renewable primary energy sav-
ings, CO2 emission savings per grant have positive effects on other macro-economic
issues, like i.a. on created/maintained jobs, regional purchasing power, income
taxes, unemployment compensations that have to be paid, etc.. Because of the
complexity of those evaluations and the extensive data collection that would be
necessary no further macro-economic considerations have been conducted.

Plausibility corridors
Plausibility corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

investment [e/e] 1 50
non-renewable primary energy savings [kWh/e] 2 600
CO2 savings [kg/e] 1 300

Sources for benchmarks
Benchmarks for triggered positive effects per grant can generally be found in mon-
itoring or final analysis reports of grant programmes.
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8.2.2.2 Avoided external costs

Definition:
External effects are effects resulting from the action of a single or several individuals
affecting not only them but (also or even exclusively) other individuals. Further-
more, those external effects are not compensated by any kind of consideration.
Negative external effects or when economically quantified external costs are unde-
sirable effects for the affected individuals. An example for negative external effects
is the air pollution resulting from the production of industrial goods. Not only the
producers and consumers of that good are affected but also a multitude of other
individuals. In order to reach an "optimal state"2 interferences from the outside are
necessary in order to internalize the external effects. This means to make external
effects affect the person responsible (i.g. by an increase of the product-related
taxes and fees).
The evaluation of external effects is based on three steps:
• identification of external effects
• quantification of external effects
• monetarisation of external effects

In CONCERTO the external effects of the use phase of the building are focused.

Interesting questions
• To what extent can external costs be avoided?
• From a macro-economic point of view what are the impacts of a measure?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings X
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor
planner/consultant
energy supplier
legislator/grant provider X
tenant/user

2The term "optimal state" needs to be further discussed
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Unit: [e]
List of input parameters:

Name Symbol Unit Source Type Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

A B C

savings of
emission

equivalent of
impact
category j

efj,savings [unit] X X X X 9.3.2.2

cost unit rate
of impact
category j

fj [e/[unit]] X X X X 9.3.2.1

reference
study period

T [years] X X X X 7

discount rate i [%] X X X 7

cost unit
increase rate

p [%] X X 7

Calculation rule: Type A

Avoided external costs =
∑
j∈J

[efj,saving · fj ] · T

Calculation rule: Type B

Avoided external costs =
∑
j∈J

[efj,saving · fj ] ·
(1 + i)T − 1

(1 + i)T · i

Calculation rule: Type C

Avoided external costs =
∑
j∈J

[efj,saving · fj ] ·

(1+p)
(1+i) ·

(
1−

(
(1+p)
(1+i)

)T)
1− (1+p)

(1+i)

Comparability and possible interpretation
Generally, external costs can only be compared when the same boundary conditions
are considered. The following issues must be addressed:
• the same category of effects must be included into the calculation
• the same cost unit rates
• the same discount rate and
• the same reference study period

 
77

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

must be applied.

The more external costs can be avoided the better. The actual interpretation de-
pends on the systematics of the monetary valuation of external effects. If the
avoidance cost approach is used the external costs are the costs for preventing en-
vironmental damage in advance. If the damage cost approach is used the external
costs are the costs for compensating for the damage afterwards.

Numeric example
In Neckarsulm, Germany, a 380 m2 multi family building originally built in 1939 was
refurbished in 2006. The measures included
• thermal insulation of outside walls (14 cm WLG 0.35)
• thermal insulation of roof or upper slab (20+5cm WLG 035)
• replacement of windows.

As a result of the refurbishment CO2,e, SO2,e, NOx and PM emissions could be re-
duced.

Unit Value

CO2,e savings [t/year] 8.5
SO2,e savings [kg/year] 4.3
NOx savings [kg/year] 5.8
PM 10 savings [kg/year] 0.13
PM 2.5 savings [kg/year] 0.13

CO2,e cost unit rate [e/t] 70
SO2,e cost unit rate [e/kg] 5.20
NOx cost unit rate [e/kg] 3.60
PM 10 cost unit rate [e/kg] 12
PM 2.5 cost unit rate [e/kg] 60

reference study period [years] 40
discount rate [%] 3
cost unit increase rate [%] 5

avoided external costs type A [e] 25,904
avoided external costs type B [e] 14.969
avoided external costs type C [e] 39,376

Aggregated over the reference study period
• 25,904e external costs with calculation rule type A
• 14.969e external costs with calculation rule type B
• 39,376e external costs with calculation rule type C

will be saved due to the refurbishment.
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Interdependencies with other performance indicators
When evaluating the economic feasibility of energy efficiency and renewable energy
measures from a macro-economic point of view the external costs should always
be taken into account. Therefore external costs can also be included as input
parameters in the calculation of indicators like e.g. payback periods, annuity gains,
etc..

Plausibility corridors
Plausibility corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

According to Bundesministerium für Verkehr, Bau und Stadtentwicklung (2010)
total external costs can be estimated to be 15% of the annual operation- and
maintenance-related costs. The reduction potential ranges between 20% and 50%.

Sources for benchmarks
According to Bundesministerium für Verkehr, Bau und Stadtentwicklung (2010) to-
tal external costs for new buildings with a reference study period of 80 years are
between 502,891 and 4,865,124e which is between 6,286 and 60,814 e/a or be-
tween 3.46 and 5.45 e/

(
m2 · a

)
in Germany.

Literature, standards, tools

• European Commission (2012) Commission Delegated Regulation (EU) No 244/2012
• Ulmer (2010) Externe Kosten im Hochbau
• Bundesministerium für Verkehr, Bau und Stadtentwicklung - GUO-Tool (2010)
Tool for the calculation of external effects of buildings
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8.2.2.3 Employment effects

Definition:
The indicator employment effects gives an impression about the stimulation of the
employment market of a national economy induced by energy efficiency and re-
newable energy measures.

Since the calculation of employment effects is quite complex the indicator described
in this guidebook shall only give a rough estimation. For deeper insights please
consult the scientific literature mentioned below.

Interesting questions
• To what extent do energy efficiency/renewable energy measures lead to posi-
tive employment effects?

Adequacy for objects of assessment

building component and system
individual building
group of buildings
energy supply unit
group of energy supply units

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor
planner/consultant
energy supplier
legislator/grant provider X
tenant/user
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Unit: [number of jobs created/maintained]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

total
investment in t

Itotal,t [e] X 9.2.1

gross domestic
product of
national

economy in t

GDPt [e] X 9.3.3

percentage of
construction
sector on gross
domestic
product of
national

economy in t

r [%] X 9.3.3.1

total number of
employees in
construction
sector in t

W [-] X 9.3.3.2

Calculation rule
Employment effectst =

Itotal,t
GDPt · r

·W

Comparability and possible interpretation
This performance indicator accounts for the macro-economic success of a grant
programme. The more positive employment effects were stimulated the more suc-
cessful was the programme.

If a programme shall be evaluated which runs over more than one period of time
total investments must be adjusted to a common point in time.

Numeric example
In Ireland 362 buildings were refurbished during CONCERTO. The total investment
for all refurbishments adjusted to the price level of 2008 amounted to 6.8 Mioe.
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Unit Value

total investment [e2008] 6.8 Mio.
gross domestic product of national economy in 2008 [e2008] 160,000 Mio.
percentage of construction sector on [%] 5
gross domestic product of national economy in 2008
total number of employees in construction sector in 2008 [-] 255,000

employment effect [-] 217

The investments in refurbishment measures led to 217 created or maintained jobs
in Ireland.

Interdependencies with other performance indicators
Generally, created/maintained jobs have positive effects on other macro-economic
issues, like i.a. on regional purchasing power, income taxes, unemployment com-
pensations that have to be paid, etc.. Because of the complexity of those evalua-
tions and the extensive data collection that would be necessary no further macro-
economic considerations have been conducted.

Plausibility corridors
Plausibility corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Since this indicator is defined as total value it is not possible to specify plausibil-
ity corridors for the results. Hence, plausible values for GDPs and percentage of
construction sector on gross domestic product of national economy are given.

Benchmarks
Benchmarks for employment effects can generally be found in monitoring or final
analysis reports of grant programmes.

Literature, standards In order to get a deeper insight on how to quantify em-
ployment effects the following literature can be consulted

• Walz and Schleich (2009) The economics of climate change policies: Macroe-
conomic effects, structural adjustments and technological change
• Raa (1994) On the methodology of input-output analysis
• Bundesamt (Bundesamt) Input-Outputrechnung im Überblick
• Barabas (2011) Multiplikator- und Beschäftigungseffekte von Bauinvestitionen
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8.2.3 Environmental performance indicators

When evaluating the environmental benefits of energy efficiency and renewable en-
ergy measures CONCERTO Premium focuses on two assessment categories. Firstly,
the environmental quality with respect to energy and emissions and secondly, the
environmental efficiency are taken into close consideration. In the following, the
assessment categories are briefly characterized.

Environmental quality with respect to energy and emissions
In this context, the objects of assessment considered in CONCERTO are character-
ized by their usage/depletion of resources and their environmental impact. Typically
the following performance indicators are used to measure the environmental quality
with respect to energy and emissions:

• specific energy performance indicators
• specific emission indicators

Environmental efficiency
Renewable energy and energy efficiency measures are not only linked with high ini-
tial investments but can also have both negative and positive high environmental
impacts. Those are related to the production, transport and installation of compo-
nents needed for the implementation of the measures. Furthermore, the disposal
of the mentioned components at the end of their lifetime can be linked with high
environmental impacts. Therefore, it is essential to relate the impacts to the future
environmental benefits over the lifetime of the measure. From an environmen-
tal point of view a measure is only beneficial if the benefit exceeds the impact of
the production, transport, installation and disposal of components needed for the
realization of a measure. In this context two performance indicators are described:

• the energy payback period
• the CO2 payback period.
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8.2.3.1 Specific energy performance indicators

Definition:
Specific energy performance indicators describe and evaluate the energetic qual-
ity of a building. Generally, energy performance considerations can be based on
calculated demand or measured (monitored) consumption values. The energy flow
values are typically related to a reference unit, like m2, and a reference time period,
like a year, so that comparisons are possible. Furthermore, energy performance in-
dicators are distinguished according to the energetic level of transformation. In
CONCERTO final energy and primary energy flows are considered. Primary en-
ergy performance indicators can once again be divided into fossil (non-renewable)
primary energy and renewable primary energy indicators.

Interesting questions
• How energy efficient is a building in comparison to the national standard?
• How much primary energy is needed for heating and domestic hot water?
• To what extent differ calculated energy demand and monitored consumption
values?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings X
energy supply unit
group of energy supply units

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier
legislator/grant provider X
tenant/user X
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Unit: [kWh/m2 · a)]
List of Input Parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

energy
expenditure

eex [kWh/a] X 9.4.1.2

reference
unit

uref [m2] X 9.1.1

reference
time period

tref [year] X 9.1.2

Calculation rule

Specific energy performance indicator =
eex

uref · tref

Comparability and possible interpretations
Specific energy performance indicators differ with regard to type and extent of
considered energy services. For comparisons it needs to be checked whether the
same energy services are included. Furthermore, climatic conditions and the type
of usage (residential building, office or education building) have a great influence
on energy flows. This is why classifications or in case of different climate conditions
climate corrections must be performed. Especially for electricity the primary energy
factors are highly dependent on the country. This is why inter-country comparisons
can lead to biased conclusions.

Generally, energy performance indicators give an impression about how energy
efficient a building is. The less energy is needed the better from an environmental
point of view.

Numeric example: New building
In North Tipperary, Ireland, a 242 m2 single-family house was newly built in 2011.
The applied building features are
• thermal insulation of the roof
• thermal insulation of the facade/external walls
• thermal insulation of the floor to unheated ground/cellar
• thermal insulation of the windows (frame and pane)
• mechanical ventilation with heat recovery.

The building is supplied with district heat for space heating and domestic hot water.
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Unit Value

calculated final energy demand for space heating [kWh/a] 8,000
and domestic hot water
monitored final energy consumption for space heating [kWh/a] 5,011
and domestic hot water in 06/2011-06/2012
primary energy factor district heat Ireland [kWh/kWh] 0.77934
gross floor area [m2] 242

specific final energy demand [kWh/(m2 · a)] 33.06
specific final energy consumption in 2011/2012 [kWh/(m2 · a)] 20.71
specific primary energy demand [kWh/(m2 · a)] 25.76
specific primary energy consumption [kWh/(m2 · a)] 16.14

The specific final energy demand of the building is 33.06 kWh/(m2 · a). When
compared to a reference building according to national regulation (55.71 kWh/(m2

· a)) the energy performance of the demonstration building is around 40% better.

Numeric example: Refurbishment
In Obuda, Hungary, a 54,000 m2 apartment building originally built in 1970 was
refurbished in 2009. The applied building features are
• improved thermal insulation of the roof: 10 cm Styrofoam insulation
• improved thermal insulation of the facade/external walls: 10 cm Styrofoam
insulation
• replacement of windows: 5 chamber plastic windows, 1800 in total
• reduction of distribution losses: new heating center in the building

The building was and still is supplied with district heat for space heating and do-
mestic hot water.

Unit Value

calculated final energy demand for space heating [MWh/a] 7,828
and domestic hot water BEFORE

calculated final energy demand for space heating [MWh/a] 3,702
and domestic hot water AFTER
monitored final energy consumption for space heating [MWh/a] 5,209
and domestic hot water in 2011
monitored final energy consumption for space heating [MWh/a] 3,480
and domestic hot water in 2012
primary energy factor district heat Hungary [kWh/kWh] 0.79521
gross floor area [m2] 54,000
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Unit Value

specific final energy demand BEFORE [kWh/(m2 · a)] 145
specific final energy demand AFTER [kWh/(m2 · a)] 65.5
specific final energy consumption in 2011 [kWh/(m2 · a)] 96.46
specific final energy consumption in 2012 [kWh/(m2 · a)] 64.44

specific primary energy demand BEFORE kWh/(m2 · a)] 115.3
specific primary energy demand AFTER [kWh/(m2 · a)] 52

The specific final energy demand of the building BEFORE the refurbishment was
145 kWh/(m2 · a). When compared to the situation AFTER the refurbishment (65.5
kWh/(m2 · a)) the energy performance of the demonstration building has improved
by around 55%. When looking at the monitored values the specific final energy
consumption in 2011 was significantly higher than in 2012. The reasons could be
a colder winter in 2011 or inefficient heating control.

Interdependencies with other performance indicators
• emission indicators: Emission indicators also evaluate the environmental per-
formance of a building.
• specific cost figures: For an extensive evaluation not only of the environmental
impacts but also the economic the indicators can be contrasted.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for
a specific object is plausible depends on the individual situation. Therefore, the
given corridors shall only allow a rough orientation. The plausibility corridors refer
to specific energy performance indicators for space heating and domestic hot water
for residential buildings.

Object Unit Min Max

New buildings - for space heating [kWh/(m2 · a)] 10 200
Refurbishments BEFORE - for space heating [kWh/(m2 · a)] 50 450
Refurbishments AFTER - for space heating [kWh/(m2 · a)] 10 200

Sources for benchmarks
Benchmarks for all European countries can be found
• Entranze Data Tool (2013) http://www.entranze.enerdata.eu/

Literature, standards
• European Parliament and Council (2002) DIRECTIVE 2002/91/EC OF THE EU-
ROPEAN PARLIAMENT AND OF THE COUNCIL of 16 December 2002 on the
energy performance of buildings
• European Commission (2012) Commission Delegated Regulation (EU) No 244/2012
• DIN-EN-15603 (2008) Energy performance of buildings - Overall energy use
and definition of energy ratings
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• Lützkendorf and Unholzer (2013) Kennwerte zur energetischen und ökologis-
chen Qualität von Bauwerken in deren Nutzungsphase
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8.2.3.2 Specific emission indicators

Definition:
Emission indicators become more and more important in representing impacts on
the global and local environment. Especially the emissions of greenhouse gases
are in focus. Generally, the calculation of emission indicators is based on final
energy performance indicators which are multiplied by an emission factor. Typically,
emission indicators are related to a reference unit, like m2, and a reference time
period, like a year, so that comparisons are possible.

Indicators for the description and evaluation of CO2 emissions can be distinguished
according to whether CO2 emissions are focused or emissions of further climate-
relevant gases are considered, too. When further climate-relevant gases are taken
into account they are converted into CO2 equivalents and added up.

In CONCERTO only emission indicators for the utilization phase are calculated.

Interesting questions
• What environmental influence does a measure have?
• To what degree is the climate neutrality of a municipality positively influenced
by energy efficiency and renewable energy measures?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings X
energy supply unit
group of energy supply units

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier
legislator/grant provider X
tenant/user X
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Unit: [kWh/(m2 · a)]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

amount of
emissions

em [tons/a] X 9.4.2.2

reference unit uref [m2] X 9.1.1
reference time

period
tref [year] X 9.1.2

Calculation rule
Specific emission indicator =

em

uref · tref

Comparability and possible interpretations
Specific emission indicators differ with regard to type and extent of considered
energy services. For comparisons it needs to be checked whether the same en-
ergy services are included. Furthermore, climatic conditions and the type of usage
(residential building, office or education building) have a great influence on energy
flows. This is why classifications or in case of different climate conditions climate
corrections must be performed. Especially for electricity the emission factors are
highly dependent on the country. This is why inter-country comparisons can lead
to biased conclusions.

Generally, emission indicators give an impression about the environmental impact
of a building. The less energy is emitted the better from an environmental point of
view.

Numeric example: New building
In Viladecans, Spain, a 1,143 m2 kindergarten was newly built in 2009. The applied
building features are
• thermal insulation of the roof
• thermal insulation of the facade/external walls
• thermal insulation of the floor to unheated ground/cellar
• thermal insulation of the windows (frame and pane)
• thermal bridge reducing construction
• passive cooling concept
• availability of external shading devices.

The applied energy services in the building are
• domestic gas condensing boiler for space heating and domestic hot water
• conventional HVAC system operated with electricity for cooling.
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Unit Value

calculated final energy demand for space heating [kWh/a] 25,219
and domestic hot water for demo object
calculated final energy demand for space cooling [kWh/a] 9,235
for demo object

calculated final energy demand for space heating [kWh/a] 45,465
and domestic hot water for reference object
calculated final energy demand for space cooling [kWh/a] 10,478
for reference object

CO2 equivalent emission factor domestic gas Spain [g/kWh] 204
CO2 equivalent emission factor electricity Spain [g/kWh] 649
gross floor area [m2] 1,143

specific CO2 equivalent emissions [kg/(m2 · a)] 9.74
for demo object
specific CO2 equivalent emissions [kg/(m2 · a)] 14.06
for reference object

The specific CO2 equivalent emissions of the building are 9.74 kWh/(m2 · a). When
compared to a reference building according to national regulation (14.06 kWh/(m2

· a)) the emissions of the demonstration building are around 31% lower.

Numeric example: Refurbishment
In Sofia, Bulgaria, a 1,160 m2 multi-family building originally built in 1950 was
refurbished in 2007. The refurbishment measures included
• improved thermal insulation of the roof: mineral wool
• improved thermal insulation of the facade/external walls: polystyrene hard
foam, 8 cm
• improved thermal insulation of basement: mineral wool
• replacement of windows: double glazing with wooden frame u-value 2.6 re-
placed by double glazing PVC framed windows, u-value 1.6.

The building was and still is supplied with district heat for space heating and do-
mestic hot water.
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Unit Value

calculated final energy demand for space heating [MWh/a] 244
and domestic hot water BEFORE

calculated final energy demand for space heating [MWh/a] 82
and domestic hot water AFTER

CO2 emission factor district heat Bulgaria [g/kWh] 222
CO2 equivalent emission factor district heat Bulgaria [g/kWh] 250
gross floor area [m2] 1,160

specific CO2 emissions BEFORE [kg/(m2 · a)] 46.7
specific CO2 emissions AFTER [kg/(m2 · a)] 15.7

specific CO2 equivalent emissions BEFORE [kg/(m2 · a)] 52.6
specific CO2 equivalent emissions AFTER [kg/(m2 · a)] 17.7

The specific CO2 emissions of the building BEFORE the refurbishment was 46.7
kg/(m2 · a). When compared to the situation AFTER the refurbishment (15.7 kg/(m2

· a)) the emission performance of the demonstration building has improved by
around 66%. (The same is true for the specific CO2 equivalent emissions.)

Interdependencies with other performance indicators
• energy performance indicators: Energy performance indicators also evaluate
the environmental performance of a building.
• specific cost figures: For an extensive evaluation not only of the environmental
impacts but also the economic the indicators can be contrasted.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for
a specific object is plausible depends on the individual situation. Therefore, the
given corridors shall only allow a rough orientation. The plausibility corridors refer
to specific CO2 equivalent emissions for space heating and domestic hot water for
residential buildings.

Object Unit Min Max

New Buildings - for space heating [kg/(m2 · a)] 1 20
Refurbishments BEFORE - for space heating [kg/(m2 · a)] 20 100
Refurbishments AFTER - for space heating [kg/(m2 · a)] 1 60

Sources for benchmarks
Benchmarks for all European countries can be found
• Entranze Data Tool (2013) http://www.entranze.enerdata.eu/

Literature, standards, databases
• Gemis (2013) Global Emissions Model for integrated Systems
• Bundesministerium für Verkehr, Bau und Stadtentwicklung - Ökobau.dat (2011)
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• Lützkendorf and Unholzer (2013) Kennwerte zur energetischen und ökologis-
chen Qualität von Bauwerken in deren Nutzungsphase
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8.2.3.3 Improvement of specific primary energy requirement

Definition:
The Improvement of Specific Primary Energy Requirement quantifies the relative
amount of primary energy saved by a large scale energy supply unit over its oper-
ational lifetime. It is important to note that the indicator is not linked to the energy
demand side, i.e. it does not take into account the energy system the energy sup-
ply unit is associated with. More specifically, the system boundaries encompass
only the large scale energy supply unit, which means that primary energy savings
through demand-side measures are not considered. The indicator describes the
improvement (typically a reduction) of primary energy requirement with respect to
a reference value. In case the large scale energy system produces only electricity,
the reference value/situation is the sourcing of electricity from the national elec-
tricity mix, with an average primary energy factor applied. In case the large scale
energy system produces electricity and heat, heat production from decentralised
gas boilers is considered as reference value. The constraint of equal heat and elec-
tricity production in the case of the installation of the large scale supply unit and
the reference case has to be satisfied.

The decisive parameters are:
• primary energy requirement for an energy supply unit
• primary energy requirement for a reference supply unit

Interesting questions
• What is the ecological saving achieved by implementing a measure?

Adequacy for objects of assessment

building component and system
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [%]
List of Input Parameters:

Name Symbol Unit Source Comment Module

O
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t
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ou
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C
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n

specific primary
energy

requirement for a
reference supply
unit in year t

PERref,t [kWh/a] X 10.2

specific primary
energy

requirement for
an energy supply
unit s in year t

PERs,t [kWh/a] X 10.2

Calculation rule

∆PERs =

n∑
t=1

(PERref,t − PERs,t)
n∑
t=1

PERref,t

with:

PERs,t =


PER designed

s,t forJ = {}
j∑

t=1
PER monitored

s,t

j forJ 6= {}

The definition of PERs,t and PERref,t as well as the associated constraints which are
applied for the calculation of the Improvement of Specific Primary Energy Require-
ment can be found in Section 10.2.

Possibilities of interpretation
The Indicator Improvement of Specific Primary Energy Requirement describes the
percentage saving of primary energy due to the installation of a large scale energy
supply unit with respect to a reference energy supply over its technical lifetime. A
positive value indicates an improvement, i.e. reduction of primary energy require-
ment, and a negative value implies an increase of primary energy requirement.

Numeric example
In the following, the Improvement of the Specific Primary Energy Requirement will
be determined on the basis of two examples:
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Example 1: Wind

The Improvement of Specific Primary Energy Requirement will be investigated for a
2 MW wind turbine. A mean utilisation of 2,000 full-load hours per year is assumed
over the economic lifetime of 20 years. The resulting annual electricity production of
4,000 MWhel will be related to the sourcing of electricity from the national electricity
mix. In the table below the efficiencies and primary energy factors are depicted for
the mentioned technologies.

Large-scale
energy
supply unit

Term Symbol Unit Value Reference

Wind Primary en-
ergy factor
non-renewable

PEFwind,s kWhprim /
kWhfin

0.04 GEMIS, 2012
Wind-KW-Park-klein-DE

National
electricity
mix

Primary en-
ergy factor
non-renewable

PEFel,ref,2010 kWhprim /
kWhfin

2.27 GEMIS, 2012
EL-KW-Park-DE-2010

Hence, the operation of the 2 MW wind turbine induces an Improvement of Specific
Primary Energy Requirement of 98% for the annual electricity production of 4,000
MWhel.

Example 2: CHP plant fuelled by natural gas
Consider the investment in a CHP unit that produces heat and electricity from nat-
ural gas. One is interested in the Improvement of Specific Primary Energy Require-
ment. The subsequent table defines the boundary conditions.

Term Symbol Unit Value

Input gas INgas,CHP,t MWh/a 10,000

Output electricity OUTel,CHP,t MWh/a 3,000

Output heat OUTth,CHP,t MWh/a 6,000

Efficiency of reference heat
supply

ηth,ref % 85

Useful lifetime Tlife a 20

Primary energy factor gas PEFgas,ref kWhprim / kWhfin 1.1

Primary energy factor electric-
ity

PEFel,ref,2010 kWhprim / kWhfin 2.27

With an input energy flow of 10,000 MWh of natural gas the CHP unit produces
6,000 MWh of heat and 3,000 MWh of electricity. The corresponding primary en-
ergy requirement over the economic lifetime of 20 years amounts to 220,000 MWh.

 
96

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

To produce the same heat and electricity output through separate generation a pri-
mary energy requirement of 7,765 MWh and 9,000 MWh is needed for the refer-
ence gas boiler and the national electricity sourcing respectively in the first year.
With the primary energy factor of the national electricity mix (which is defined in
Section 10.2) declining by 1.5% a year the primary energy requirement over the
economic lifetime of 20 years of the reference system amounts to 273,726 MWh.
The assumption of the decline of the primary energy factor is based on the average
decline in past years, which is extrapolated to 2030 [GEMIS, 2012]. The installa-
tion of the CHP unit therefore corresponds to an improvement of specific primary
energy requirement at 20 %.

Interdependencies with other performance indicators
• Improvement of air pollutants
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8.2.3.4 Improvement of air pollutants

Definition:
The indicator Improvement of Air Pollutants quantifies the relative amount of air
pollutants saved by a large-scale energy supply unit. Air pollutants are a set com-
prised of, inter alia, greenhouse gas emissions, NOx and SO2, as well as particulate
matter. Analogous to the Improvement of Specific Primary Energy Requirement
the indicator is not linked to the energy demand side, i.e. it does not take into
account the energy system the energy supply unit is associated with. More specif-
ically, the system boundaries encompass the large-scale energy supply unit only,
implying that air pollutant emission savings through demand-side measures are not
considered. The indicator describes the improvement (typically a reduction) of air
pollutants with respect to a reference value. In case the large scale energy system
produces electricity only, the reference value/situation is the sourcing of electricity
from the national electricity mix with the respective air pollutant emission factor
applied. In case the large-scale energy system produces electricity and heat a heat
production from decentralised gas boilers is considered as reference value. The
constraint of equal heat and electricity production in the case of the installation of
the large scale supply unit and the reference case has to be satisfied.

The decisive parameters are:
• air pollutants for an energy supply unit
• air pollutants for a reference supply unit

Interesting questions
• What is the impact of CONCERTO applied technologies on the environment?
• Which amount of air pollutants can be saved with the deployment of renewable
energy sources?

Adequacy for objects of assessment

building component and system
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [t/a]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta
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n

specific emissions
of air pollutant
material M for a
reference energy
supply unit in
year t

EMM,ref,t [t/a] X 10.4

specific emissions
of air pollutant
material M for an
energy supply
unit s in year t

EMM,s,t [t/a] X 10.4

Calculation rule

∆EMM,s =

n∑
t=1

(EMM,ref,t − EMM,s,t)

n∑
t=1

EMM,ref,t

with:

M = {CO2, SO2, NOx, PM2.5, PM10}

and:

EMM,s,t =


EM designed

M,s,t forJ = {}
j∑

t=1
EM monitored

M,s,t

j forJ 6= {}

The definition of EMM,s,t and EMM,ref,t can be found in Section 10.4.

Possibilities of interpretation
The Indicator Improvement of Air Pollutants describes the percentage saving of air
pollutants due to the installation of a large scale energy supply unit with respect
to a reference energy supply over its economic lifetime. A positive value indicates
an improvement, i.e. reduction of CO2 emission and a negative value implies an
increase of CO2 emission.
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Numeric example
In the following, the Improvement of Air Pollutants will be analyzed on the basis of
CO2 emissions:

Example 1: Wind
The Improvement of Air Pollutants will be investigated for a 2 MW wind turbine.
Specifically, CO2 is the air pollutant considered. A mean utilisation of 2,000 full-
load hours per year is assumed over the economic lifetime of 20 years. The re-
sulting annual electricity production of 4,000 MWhel will be related to the sourcing
of electricity from the national electricity mix. In the table below the efficiencies
and direct and indirect emission factors for CO2 are depicted for the mentioned
technologies. It should be noted that the emission factors include CO2 emissions
caused by manufacturing and construction activities of the technologies.

Large-scale
energy
supply unit

Term Symbol Unit Value Reference

Wind Direct emission
factor of CO2 for
wind

EFwind,CO2,direct,s t/GWhel 0 GEMIS, 2012
Wind-KW-Park-klein-DE-

2000

Wind Indirect emis-
sion factor of
CO2 for wind

EFwind,CO2,indirect,s t/GWhel 16.42 GEMIS, 2012
Wind-KW-Park-klein-DE-

2000

National
electricity
mix

Emission factor
of CO2 for na-
tional electricity
mix

EFel,CO2,ref,2010 t/TJel 540.40 GEMIS, 2012
EL-KW-Park-DE-2005

Thus the operation of the 2 MW wind turbine induces an Improvement of Air Pollu-
tion by CO2 of 96%.

Example 2: CHP plant fueled by natural gas

Consider the investment in a CHP unit that produces heat and electricity from nat-
ural gas. One is interested in the Improvement of air pollution caused by CO2. The
subsequent table defines the boundary conditions. With an input energy flow of
10,000 MWh of natural gas the CHP unit produces 6,000 MWh of heat and 3,000
MWh of electricity.

The corresponding emission of CO2 over the economic lifetime of 20 years amounts
to 43,388 t CO2.

To produce the same heat and electricity output through separate generation an
energy inflow of 7,059 MWh of natural gas and 3,000 MWh of electricity is needed
for the reference gas boiler and the national electricity sourcing respectively every
year.
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With the CO2 emission factor of the national electricity mix (which is defined in
Section 10.4) declining by 3.0% a year the CO2 emission inherent with the heat
and electricity production of the reference system over the economic lifetime of 20
years amounts to 55,294 t CO2. The assumption of the decline of the CO2 emission
factor is based on the forecasted average decline to 2030 [Capros et al. 2009].
The installation of the CHP unit therefore corresponds to an improvement of air
pollution caused by CO2 at 22%.

Term Symbol Unit Value Reference

Input gas INgas,CHP,t MWh/a 10,000 -

Output electricity OUTel,CHP,t MWh/a 3,000 -

Output heat OUTth,CHP,t MWh/a 6,000 -

Efficiency of reference heat
supply

ηth,ref % 85 -

Useful lifetime Tlife a 20 -

Direct emission factor of
CO2 for gas and CHP plant

EFgas,CO2,direct,CHP t/GWhLHV 198.55 GEMIS, 2012
Erdgas-DE

Indirect emission factor of
CO2 for gas and CHP plant

EFgas,CO2,indirect,CHP t/GWhLHV 18.39 GEMIS, 2012
Pipeline-Gas-DE-2005-mix-

lokal

Direct emission factor of
CO2 for gas and reference
energy supply unit

EFgas,CO2,direct,ref t/GWhLHV 198,55 GEMIS, 2012
Erdgas-DE

Indirect emission factor of
CO2 for gas and reference
energy supply unit

EFgas,CO2,indirect,ref t/GWhLHV 18.39 GEMIS, 2012
Pipeline-Gas-DE-2005-mix-

lokal

Emission factor of CO2 for
electricity and reference
energy supply unit

EFel,CO2,ref,2010 t/GWhel 540.40 GEMIS, 2012
El-KW-Park-DE-2010

Interdependencies with other performance indicators
• Improvement of Specific Primary Energy Requirement
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8.2.3.5 Energy payback period

Definition:
The calculation of the energy payback period can be compared to the calculation of
the economic payback period defined in section 8.2.1. The economic payback period
characterizes how long it takes until an investment is financially amortized, i.e.
how long the investor must wait until the money initially invested has flown back.
However, the energy payback period is the time span after which the measure taken
is amortized in energy terms. Generally, the implementation of a renewable energy
or energy efficiency measure necessitates an initial energy input, e.g. for the
production of components, the transport of the components and/or the installation
and a final energy input for the disposal of the components. On the other hand a
renewable energy or energy efficiency measure is intended to save future energy
consumptions. Therefore the time span until the initial energy consumption is
balanced by the future energy savings can be calculated.

Interesting questions
• How long does it take until an energy efficiency or renewable energy measure
is amortized in energy terms?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor
planner/consultant X
energy supplier
legislator/grant provider X
tenant/user
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Unit: [years]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

initial primary
energy input

E0 [kWh] X 9.4.1.1

end of lifetime
primary energy

input

ET [kWh] X 9.4.1.3

average annual
primary energy
savings

esavings [kWh/year] X 9.4.1.2.1

Calculation rule
Energy payback period =

E0 + ET
esavings

Comparability and possible interpretation
Measures with short energy payback periods are considered better than those with
longer payback periods, since the initial energy input is amortized faster. The
implementation of a renewable energy or energy efficiency measure should only be
realized if the lifetimes of the technologies and components used are longer than
the energy payback period. Otherwise more primary energy would be consumed
than saved, i.e. there would be a net additional consumption of primary energy.

When calculating CO2 payback periods for energy efficiency or renewable energy
measures it is essential to only contrast the CO2 emission savings with the specific
part of the initial and end of lifetime CO2 input that triggers the CO2 emission
savings.

Numeric Example: Insulation
In Amsterdam, Netherlands, a 5500 m2 apartment building originally built in 1964
was refurbished in 2006. The measures included
• thermal insulation of outside walls and
• thermal insulation of roof or upper slab both with expanded polystyrene.

The sum of initial and end of lifetime fossil primary energy input for the production,
transport and disposal of the insulation material was estimated to be 350,000 kWh.
The average annual fossil primary energy savings achieved by the insulation is
calculated to be 330,000 kWh/year.
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Unit Value

initial and end of lifetime fossil primary energy input [kWh] 350,000
average annual fossil primary energy savings [kWh/year] 330,000

energy payback period [years] 1.1

The energy payback period is approximately 1.1 years. Since the expected lifetime
of the insulation is around 40 years more fossil primary energy is saved than was
needed for production, transport and disposal.

Numeric example: Solar thermal collectors
In Weiz-Gleisdorf, Austria, 20 m2 flat plate collectors were installed on top of a multi-
family house in 2005. The sum of initial and end of lifetime fossil primary energy
input for the production, transport and disposal of the installations was estimated
to be 8260 kWh. The average annual fossil primary energy savings achieved with
the system are calculated to be 6100 kWh/year.

Unit Value

initial and end of lifetime fossil primary energy input [kWh] 8,260
average annual fossil primary energy savings [kWh/year] 6,100

energy payback period [years] 1.3

The energy payback period is approximately 1.3 years. Since the expected lifetime
of solar thermal collectors is around 20 years more fossil primary energy is saved
than it was needed for production, transport and disposal.

Interdependencies with other performance indicators
• CO2 payback period: The CO2 payback period is the time span after which the
measure taken is amortized concerning CO2 emissions.
• economic payback period: The economic payback period is the time span after
which the measure taken is amortized in monetary terms

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

insulation [years] 0.1 2
PV installations [years] 1 5
solar thermal collectors [years] 0.2 3

Benchmarks
Generally, the (remaining) lifetime of the object under consideration can be inter-
preted as rather rough value for a benchmarking. As long as the payback period
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is shorter than the (remaining) lifetime of the object the measure seems to be en-
vironmentally beneficial. When payback periods for certain measures/installations
are of interest the following sources can be consulted:
• energy efficiency measures of the building envelope
– König (1997) Wärmedämmung: Vom Keller bis zum Dach

• energy supply systems
– Dürrschmidt and Pehnt (2011) Erneuerbare Energien: Innovationen für
eine nachhaltige Energiezukunft

Literature, standards
• DIN-EN-ISO-14041 (2000) Environmental management - life cycle assess-
ment - examples of application of ISO 14041 to goal and scope definition and
inventory analysis
• VDI-4600 (2013) Cumulative energy demand - Examples
• Bundesministerium für Verkehr, Bau und Stadtentwicklung - Ökobau.dat (2011)
http://www.nachhaltigesbauen.de/baustoff-und-gebaeudedaten/oekobaudat.html
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8.2.3.6 CO2 payback period

Definition:
The calculation of the CO2 payback period can be compared to the calculation of the
economic payback period defined in section 8.2.1 and the energy payback period
described in subsection 8.2.3.5. The energy payback period is the time span after
which the measure taken is amortized in energy terms. However, the CO2 payback
period refers to the amortization of the initial and the end of lifetime CO2 input of
a measure taken. Generally, the implementation of a renewable energy or energy
efficiency measure necessitates an initial CO2 input, e.g. for the production of
components, the transport of the components and/or the installation and a final
CO2 input for the disposal of the components. On the other hand a renewable
energy or energy efficiency measure is intended to save future CO2 emissions.
Therefore the time span until the initial CO2 input is balanced by the future CO2

savings can be calculated.

Interesting questions
• How long does it take until an energy efficiency or renewable energy measure
is amortized concerning CO2 emissions?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor
planner/consultant X
energy supplier
legislator/grant provider X
tenant/user
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Unit: [years]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

initial CO2

input
CO2,0 [t] X 9.4.2.1

end of lifetime
CO2 input

CO2,T [t] X 9.4.2.3

average annual
CO2 savings

co2,savings [t/
year]

X 9.4.2.2.1

Calculation rule
CO2 payback period =

CO2,0 + CO2,T

co2,savings

Comparability and possible interpretations
Measures with short CO2 payback periods are considered better than those with
longer payback periods, since the initial CO2 input is amortized faster. The im-
plementation of a renewable energy or energy efficiency measure should only be
realized if the lifetimes of the technologies and components used are longer than
the CO2 payback period. Otherwise more CO2 would be emitted than saved, i.e.
there would be a net surplus of CO2 emissions.

When calculating CO2 payback periods for energy efficiency or renewable energy
measures it is essential to only contrast the CO2 emission savings with the specific
part of the initial and end of lifetime CO2 input that triggers the CO2 emission
savings.

Numeric Example: Insulation
In Dundalk, Ireland, a 130 m2 single-family house originally built in 1956 was re-
furbished in 2009. The measures included
• thermal insulation of outside walls and
• thermal insulation of roof or upper slab both with mineral wool.

The sum of initial and end of lifetime CO2 emission input for the production, trans-
port and disposal of the insulation material was estimated to be 1.3 tons. The
average annual CO2 emission savings achieved by the insulation is calculated to be
2.6 tons/year.

Unit Value

initial and end of lifetime CO2 input [tons] 1.3
average annual CO2 emission savings [tons/year] 2.6

CO2 payback period [years] 0.5
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The CO2 payback period is approximately 0.5 years. Since the expected lifetime
of the insulation is around 40 years more CO2 is saved than it was needed for
production, transport and disposal.

Numeric example: PV
In Helsingor, Denmark, a 15 kWpeak polycristalline PV system was installed in 2011.
The sum of initial and end of lifetime CO2 emission input for the production, trans-
port and disposal of the installations was estimated to be 38 tons. The average
annual CO2 emission savings achieved with the system are calculated to be 7.8
tons/year.

Unit Value

initial and end of lifetime CO2 input [tons] 38
average annual CO2 emission savings [tons]/year 7.8

CO2 payback period [years] 4.8

The CO2 payback period is approximately 5 years. Since the expected lifetime
of PV installations is around 20 years more CO2 is saved than it was needed for
production, transport and disposal.

Interdependencies with other performance indicators
• energy payback period: The energy payback period is the time span after
which the measure taken is amortized in energy terms.
• economic payback period: The economic payback period is the time span after
which the measure taken is amortized in monetary terms

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

insulation [years] 0.1 2
PV installations [years] 1 5
solar thermal collectors [years] 0.2 3

Benchmarks
Generally, the (remaining) lifetime of the object under consideration can be inter-
preted as rather rough value for a benchmarking. As long as the payback period
is shorter than the (remaining) lifetime of the object the measure seems to be en-
vironmentally beneficial. When payback periods for certain measures/installations
are of interest the following sources can be consulted:
• energy efficiency measures of the building envelope
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– Lützkendorf (2013) Vortrag: "Graue Energie" in Dämmstoffen - ein Teilaspekt,
Lohnt sich Dämmung aus Sicht von Ökobilanzen?

• energy supply systems
– Dürrschmidt and Pehnt (2011) Erneuerbare Energien: Innovationen für
eine nachhaltige Energiezukunft

Literature, standards
• DIN-EN-ISO-14041 (2000) Environmental management - life cycle assess-
ment - examples of application of ISO 14041 to goal and scope definition and
inventory analysis
• VDI-4600 (2013) Cumulative energy demand - Examples
• Bundesministerium für Verkehr, Bau und Stadtentwicklung - Ökobau.dat (2011)
http://www.nachhaltigesbauen.de/baustoff-und-gebaeudedaten/oekobaudat.html
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8.2.4 Eco-environmental performance indicators

The eco-environmental (economic-environmental) performance indicators account
for the fact that saving energy and/or CO2 emissions normally necessitates financial
investments. So the link between environmental and economic aspects of renew-
able energy and energy efficiency measures are taken into consideration with this
group of indicators. Especially two performance indicators are characterized in this
context.

Economic cost - environmental benefit ratio

• the equivalent price of energy
• the CO2 mitigation costs

The indicators give an impression about how expensive it is to save one kWh of
final energy or one ton of CO2 emissions, respectively. In a benchmarking process
the calculated values can be contrasted with energy prices or prices for emission
certificates.

 
110

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

8.2.4.1 Equivalent price of energy

Definition:
The equivalent price of energy illustrates how expensive it is to save one kWh of
energy. The figure can be compared to the current or a probable future price of
one kWh energy. If saving one kWh is cheaper than buying it the investor benefits
from the renewable energy or energy efficiency measure. As mentioned before this
performance indicator accounts for the interlinkage between economic and envi-
ronmental aspects. The economic effort in the form of an investment in energy
efficiency or renewable energy measures is contrasted with the environmental ben-
efit of saving energy. Normally, the data refers to the saved final energy and is
compared with the price of the respective energy carrier.

Interesting questions
• What are the costs for saving a kWh of final energy?
• Is it cheaper to buy one kWh of final energy or to save it?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [e/kWh]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

energy-related
investment

Ienergy [e] X 9.2.1.1

average annual
extra costs

Z [e/year] X

average annual
energy savings

esavings [kWh/year] X 9.4.1.2.1

reference
study period

T [years] X 7

discount rate i [%] X 7

Calculation rule

Equivalent price of energy =
Ienergy · (1+i)T ·i

(1+i)T−1
+ Z

esavings

Comparability and possible interpretation
In order to make statements about the profitability of an energy efficiency measure
it is essential to compare the equivalent price of energy with the current or a
probable future energy price. The cheaper it is to save a kWh energy in relation to
buying it the more profitable an investment in an energy efficiency measure is.

When calculating the equivalent price of energy for energy efficiency or renewable
energy measures it is essential to only contrast the energy savings with the specific
part of the investment/total costs that triggers the energy cost savings.

Furthermore, comparisons of different indicator values only make sense if
• the same cost categories
• the same economic area (e.g. same country)
• the same climate zone
• the same boundary conditions (discount rate, reference study period)

are considered.
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Numeric example: Building
In Neuchâtel, Switzerland, a 1570 m2 non-residential building was refurbished in
2012. The measures included
• thermal insulation of outside walls
• thermal insulation of roof or upper slab
• thermal insulation of basement
• replacement of windows
• replacement of heating system.

All in all the energy-related investments amounted to 192,000e including VAT. The
final energy savings were calculated to be 150,720 kWh/year. The final energy
carrier changed from heating oil before to domestic gas after the refurbishment.

Unit Value

energy-related investment [e] 192,000
average annual energy savings [kWh/year] 150,720
average annual extra costs [e/year] non mentioned

reference study period [years] 40
discount rate [%] 3

equivalent price of energy [Ct/kWh] 5.5

The equivalent price of energy of the refurbishment is 5.5 Ct/kWh. When contrasted
with the gas price in Switzerland in 2012 which was approximately 12 Ct/kWh the
result is clear. Saving one kWh of final energy is much cheaper than buying it.

Numeric example: PV
In Torino, Italy, 9.84 kWpeak polycrystalline high efficiency PV modules were in-
stalled in 2008. The investment amounted to 29,800e including VAT. The average
electricity produced by the modules in 2009-2011 was 10,400 kWh/year (monitored
values).

Unit Value

energy-related investment [e] 29,800
average annual energy production [kWh/year] 10,400
average annual extra costs [e/year] non mentioned

reference study period [years] 20
discount rate [%] 3

equivalent price of energy [Ct/year] 19.25

The equivalent price of energy of the PV installation is 19.25 Ct/kWh. When con-
trasted with the electricity price in Italy in 2009-2011 which ranged around 20
Ct/kWh with a tendency to rise the measure can be evaluated positively .
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Interdependencies with other performance indicators
• CO2 Mitigation Costs: The CO2 Mitigation Costs illustrate how expensive it is
to save one ton of CO2 emissions.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation.

Object Unit Min Max

new construction [Ct/kWh] 1 80
refurbishment [Ct/kWh] 1 80

PV installations [Ct/kWh] 1 100

Sources for benchmarks
As benchmarks energy prices for the different energy carriers in the respective
country can be used. Past and current energy prices can be found at
• Europe’s Energy Portal: www.energy.eu
• federal statistical office of a country
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8.2.4.2 CO2 mitigation costs

Definition:
The CO2 mitigation costs illustrate how expensive it is to save one ton of CO2 emis-
sions. The figure can be compared to e.g. the price of CO2 emission certificates.
As mentioned before this performance indicator accounts for the interlinkage be-
tween economic and environmental aspects. The economic effort in the form of an
investment in energy efficiency or renewable energy measures is contrasted with
the environmental benefit of saving CO2 emissions.

Interesting questions
• What are the costs for saving a ton of CO2 emissions?
• Can a measure reduce CO2 emissions at acceptable costs?
• What is the ratio/relationship between environmental impact and cost?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings
energy supply unit X
group of energy supply units

neighborhood
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user
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Unit: [e/t]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

life cycle costs
of option i

lcci [e] X 8.2.1.2

life cycle costs
of reference
case

lccref [e] X 9.1.3

total CO2

emission
savings

co2,savings [t] X 9.4.2.2.2

reference
study period

T [years] X 7

discount rate i [%] X 7
energy price
increase rate

p [%] X 7

When calculating the CO2 mitigation costs for building integrated energy supply
systems it is often sufficient to only consider the part of the cash flow streams that
are relevant for the CO2 savings.

Calculation rule
CO2 mitigation costs =

lcci − lccref
CO2,savings

Comparability and possible interpretation
Generally, if the CO2 Mitigation Costs are negative there is a so-called "win-win-
situation" because mitigating CO2 emissions also saves money. If they are positive
the CO2 emission reduction must be "bought" with additional monetary expenses.
In this respect, the comparison of the CO2 mitigation costs with the price of CO2

emission certificates seems significant.

Comparisons of different indicator values only make sense if
• the same cost categories
• the same economic area (e.g. same country)
• the same climate zone
• the same CO2 emission factor
• the same boundary conditions (discount rate, price increase rates, reference
study period) are considered.
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Numeric example: Building
In Grenoble, France, a highly energy efficient elementary school was newly con-
structed in 2008. The CO2-related costs of the demonstration object are calculated
to be 5,696,597e and those for the reference case 5,763,062e. The planned CO2

emission reduction over the reference study period of 40 years are 732 tons.

Unit Value

life cycle costs of elementary school [e] 5,696,597
life cycle costs of reference object [e] 5,763,062
total CO2 emission savings [tons] 732

reference study period [years] 40
discount rate [%] 3
energy price increase rate [%] 5

CO2 mitigation costs [e/ton] -90.8

The CO2 mitigation costs are negative so mitigating CO2 emissions saves 90.8e per
ton.

Numeric example: Solar thermal collectors
In Zlin, Czech Republic, 4 m2 solar thermal collectors were installed on top of a
single-family house in 2006. The installation cost 5,688e and produces a thermal
output of 1200 kWh each year. The planned CO2 emission reduction when assuming
that the reference heating system is a oil-fired central heating system over the
reference study period of 20 years is 6.3 tons. The energy cost savings for the next
20 years will be 2955e.

Unit Value

costs of solar thermal collectors [e] 5,688
energy cost savings for 20 years [e] 2,955
total CO2 emission savings [tons] 6.3

reference study period [years] 20
discount rate [%] 3
energy price increase rate [%] 5

CO2 mitigation costs [e/ton] 433

The CO2 mitigation costs are positive so mitigating CO2 emissions costs 433e per
ton.

Interdependencies with other performance indicators
• The equivalent price of energy illustrates how expensive it is to save one kWh
of final energy through an energy efficiency or renewable energy measure.

Plausibility corridors
Plausibility Corridors are min and max values that define corridors within which the
values seem to be trustable. Nevertheless, the decision if a calculated value for a
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specific object is plausible depends on the individual situation. Therefore, the given
corridors shall only allow a rough orientation. In case of CO2 mitigation costs the
choice of the reference case is decisive for the calculated value.

Object Unit Min Max

new construction [e/ton] -200 300
refurbishment [e/ton] -500 500

PV and solar thermal collectors [e/ton] -100 200

Sources for benchmarks
As benchmarks prices for CO2-emission certificates can be used. Furthermore,
there are literature values available (for references see below).

Literature, standards
• Enkvist et al. (2007) A cost curve for greenhouse gas reduction
• Petersdorff et al. (2005) Cost-Effective Climate Protection in the EU Building
Stock
• Petersdorff et al. (2005) Cost-Effective Climate Protection in the Building Stock
of the New EU Member States: Beyond the EU Energy Performance of Buildings
Directive
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8.2.5 Technical performance indicators

Besides economic and environmental performance indicators there exist indicators,
which are focusing just on the technical aspects of buildings or energy supply units.
They are important to rate the general function of an object and to make differ-
ent types of objects comparable on a common base. They must be regarded in
combination with the above described economic and environmental indicators for
a holistic assessment approach. In the process of commissioning and optimization
of operation technical indicators are crucial to monitor, compare and improve the
function of buildings or energy supply units.
Concerning buildings the described indicator gives a rating about the grade of in-
sulation of a building. For assessment procedures the relation between the overall
heat transfer coefficient and economic factors is an interesting point to look at. Also
interdependencies with climate zone and energy consumption can be examined.
The performance indicators concerning energy supply units are important to com-
pare and prove the efficiency and reliability of the innovative technologies used.
Can new (low-carbon) technologies, which have not been on the market for a long
time, achieve the efficiency, reliability and durability of proven (fossil) technologies?
Do economic or environmental advantages excel technical disadvantages? Is a less
expensive technology the less efficient one?
In the following chapters adequate performance indicators for buildings and energy
supply units in the scope of sustainable community development are described.
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8.2.5.1 Overall heat transfer coefficient of building envelope

Definition:
This indicator gives an overall rating of the insulation quality of the building’s enve-
lope. It can simply be named “averaged U-value”, whereas the average is surface-
weighted and elements with lower influence on heat transmission (like walls to
ground or walls to low-heated space) are rated with additional reduction factors.
The U-value describes what heating power (in Watt) per square meter of an build-
ing element is transmitted to outside per 1 Kelvin temperature difference (between
inside and outside).

Interesting questions
• How good is the insulation standard of a building?
• How much effort was spent on reducing transmission heat losses through the
building’s envelope?
• How energy efficient is a building?

Adequacy for objects of assessment

building component and system
individual building X
group of buildings X
energy supply unit
group of energy supply units

neighborhood X
community X
(region) X
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider
tenant/user X
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Unit: [W/(m2·K)]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
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ry
da
ta

C
on
ve
nt
io
n

surface area of
element

A [m2] X

U-value U [W/(m2·K)] X
total surface

area
Atotal [m2] X

reduction
factors

fx [-] X

The following table shows suggested fX-values to be applied according to the type
of the building element. It presents a simplification of DIN-V-4108-6 (2003).

Type of element fX-value
Element to ambient air 1.0
Ceiling to unheated attic 0.8
Walls and ceilings to unheated rooms 0.5
Ground floor to soil 0.3
Ground floor to unheated basement 0.55

Calculation rule
U
′
O =

∑
(A · U · fx)

Atotal

Possibilities of interpretation
The overall insulation standard of different buildings can be compared by this indi-
cator as well as the improvement of one single building before and after a retrofit. It
is interesting to compare different insulation standards (either defined per national
regulation or achieved at constructed buildings) by country or climate zone.

Benchmarks
The actual value of the overall heat transfer coefficient depends strongly on the ratio
of glazing surface in the facade, as the u-value of the glazing usually is much higher
than the one of the opaque building elements. It also depends on the geometry of
the building itself. Therefore it is not possible to provide absolute benchmark values
suitable for every kind of building. A building with 20 percent share of glazing in
the facade according to the Passive House Standard would have an overall heat
transfer coefficient lower than 0.3W/(m2·K).
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Numeric example
A new office building (Sorcer, Denmark) with 9,566 m2 total heated net room area,
2,128 m2 external walls (U-value 0.18, fx 1), 3,606 m2 roof (U-value 0.12, fx 1),
534 m2 windows (U-value 1.68, fx 1) and a 3,524 m2 slab to unheated basement
(U-value 0.15, fx 0.55) has an overall heat transfer coefficient of 0.20 W/(m2·K).
The national reference according to this building has a coefficient of 0,34/(m2·K).
Therefore the CONCERTO new building provides an insulation standard 41% better
than a building according to national standards in Denmark. A retrofitted building
with 100m2 external walls (U-value 0.25, fx 1), 110m2 roof (U-value 0.2, fx 1),
30m2 windows (U-value 1.3, fx 1) and a 100m2 slab to ground (U-value 0.5, fx
0.6) has an overall heat transfer coefficient of 0.30W/(m2·K). Before the retrofit
the coefficient had been only 0.63, therefore the overall insulation improvement
can be rated as 47%.

Interdependencies with other performance indicators
No interdependencies, but examining energy demand or consumption of a build-
ing related to the overall heat transfer coefficient will be an interesting method of
assessment.
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8.2.5.2 Specific yield

Definition:
The specific yield is the calculated or metered output energy of a supply system
related to the size (capacity) of the system. It often is provided as an annual or
monthly value, for closer studies a higher resolution is adequate. All energy supply
units have a peak power load, heat exchangers all have a surface area, and so these
are taken as the related size of the system. The system size is either described
by the surface area (e.g. collector area of solar thermal systems) or the peak
power (e.g. electrical power of a wind turbine). From CONCERTO projects it could
be learnt that with solar thermal collectors both parameters occur. To make them
comparable to other energy supply units, the collector area can be calculated into
a peak power using an adequate conversion factor of 0.7 kW/m2 (European Solar
Thermal Industry Federation (ESTIF) (2004)).

Interesting questions
• How far does the actual energy yield match the calculated yield for a technol-
ogy?
• How much power of a special technology do I have to install to meat a desired
energy output per year?
• How large can the annual yield be if I install an energy supply unit with a
certain power?

Adequacy for objects of assessment

building component and system X
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider
tenant/user X
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Unit: [kWh/kWpeak] or [kWh/m2]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

annual output
energy

W [kWh] X

size (systems
with absorber)

A [m2] X

size (peak
power)

P [kWpeak] X

conversion
factor

f [kWpeak/m2] X European
Solar
Thermal
Industry
Federa-
tion
(ESTIF)
(2004)

Calculation rule
Wspec =

W

A
or Wspec =

W

P

Possibilities of interpretation
Depending on the demand profile both peak load and yearly energy amount are
relevant if supplying energy to a building or a district.
The specific yield combines both into an indicator and is one way to rate the energy
output of different energy supply units among each other even if they are of a
different type.
To name a typical range of specific yield for fuel driven energy supply units is not
senseful as the reached yield depends on the demand profile of the connected
consumer and by itself is no usable indicator. Regarded by the formula, the specific
yield is equal to the full load hours in chapter 8.2.5.6. Here target values for fuel
driven energy supply units will be provided.

Numeric example
The large-scale wind turbine of 850kW peak power at the Dundalk Institute of Tech-
nology (HOLISTIC) provides 1.5 MiokWh of electricity per year and the small-scale
wind turbine of 1.75kW peak power at the CUS exhibition center in Zaragoza (RE-
NAISSENCE) provides 2,625kWh. The large photovoltaic power plant of 1.1MWpeak
in Weilerbach (SEMS) generates 880MWh per year. The specific yield is 1,765kWh/kWpeak
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at the large turbine and 1,500kWh/kWpeak at the small turbine, whereas the PV-
plant provides 800kWh/kWpeak.

Interdependencies with other performance indicators
Regarding the yield related to the peak power the formula is the same as the one
for equivalent full load hours. The naming of the key figure depends on the point
of view and the purpose for which the key figure is used.

Benchmarks

Type of energy supply unit Specific yield [kWh/kW]
Wind turbine onshore 1,300 - 2,000
Wind turbine coast or offshore 2,000 - 3,200
Photovoltaics 800 (Scandinavia) - 2,200 (Southern Europe)
Solar thermal collectors 500 - 2,200
Hydro turbines 2,500 - 6,000
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8.2.5.3 Efficiency factors

Definition:
Each energy supply unit can be considered as a converter of energy: input energy
of one type is transformed into output energy of another type, accompanied with
energy losses, which are not usable. The ratio between the input energy and the
(usable) output energy shows the efficiency of an energy supply unit. Whereas the
principle of calculating the efficiency is the same, the naming differs with different
types of energy supply units (see table below). In the formula EF is used as abbre-
viation for Efficiency Factor.
As for defining the input energy the lower heating value of the energy carrier is
used, with boilers an efficiency factor larger than 1 is possible. For cogeneration
units (CHP) the efficiency factors are calculated for heat and electricity separately
and as a total value according to the described formula.
This indicator refers to chapter 1.3.1 (reciprocal of efficiency factor) and chapter
1.5.2 (average efficiency) of the "CONCERTO Premium Indicator Guide".

Interesting questions
• How efficient is a technology compared to others?
• What is the technology’s technical potential?
• Is my installed technology working properly and reaching the state-of-the-art
efficiency (or as provided in data-sheet)?

Adequacy for objects of assessment

building component and system X
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region)
(country)
(EU)

Adequacy for Roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user X
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Application Indicator Description
Boiler Efficiency Factor Describes overall efficiency of

an actual installed system
Chiller EER (Energy Efficiency Ratio) Describes how much cooling

energy can be produced by
1kWh electric (or other energy
source)

Heat Pump COP (Coefficient of Perfor-
mance)

Shows the output related to in-
put power in a laboratory under
normalized conditions

Seasonal Performance Factor Shows the output related to in-
put energy for a year of an ac-
tual system

Thermal Collec-
tors

Efficiency Factor Describes the percentage of
solar radiation turned into us-
able energy

Photovoltaics Performance ratio Compares real performance of
a system to a calculated one,
including the efficiency factor
of the cells

CHP Heat Efficiency Factor How much heating energy is
output related to input

Power Efficiency Factor How much electric energy is
output related to input

Overall Efficiency Factor Sum of heating and electric en-
ergy related to input energy

Power Factor Relation of power efficiency to
heat efficiency

Storage Sys-
tems

Efficiency Factor Relation of input energy to out-
put energy for a specific time
period
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Unit: [%]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Annual output
energy

Wout [kWh] X

Annual input
energy

Win [kWh] X

Calculation rule
EF =

Wout

Win

Possibilities of interpretation
The efficiency of energy supply systems contributes significantly to the overall en-
ergy performance of a district. Malfunctions of systems can be found and perfor-
mance can be optimized.

Numeric example
A pellet boiler provides 1,860kWh of heat per year and the consumed pellets con-
tain 3,000kWh of energy. Therefore the efficiency factor is 0.62 and worse than
expected. After optimized insulation and extension of the heat exchanger the effi-
ciency reaches 0.8, which is usual for a pellet boiler.
The micro CHP units at Grenoble (SESAC) have been monitored. The heat efficiency
factors range between 0.52 and 0.56, whereas the power efficiency factors range
between 0.26 and 0.36. The total efficiency factors are between 0.79 and 0.89.

Interdependencies with other performance indicators
No interdependencies.

Benchmarks

Application Indicator Type Possible values Good values
Boiler Efficiency Fac-

tor
Gas boiler 0.5 - 1.2 > 0.95

Oil boiler 0.5 - 1.2 > 0.95
Pellet boiler 0.4 - 1.0 > 0.8
Woodchip
boiler

0.3 - 1.0 > 0.7

Wood log boiler 0.3 - 1.0 > 0.6
Chiller EER Compression

chiller
1 - 5 > 3

Absorption
chiller

0.2 - 0.8 > 0.6
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Application Indicator Type Possible Values Good Values
Heat pump COP 3-8 > 4

Seasonal Per-
formance Fac-
tor

1 - 7 > 3.5

Photovoltaics Performance
Ratio

0.4 - 1.0 > 0.7

Efficiency Fac-
tor

0.03 - 0.2 > 0.1

Solar thermal
collectors

Performance
Ratio

0.4 - 1.0 > 0.7

CHP Heat Efficiency
Factor

0.1 - 0.8 > 0.5

Power Effi-
ciency Factor

0.1 - 0.4 > 0.2

Overall Effi-
ciency Factor

0.5 - 1.0 > 0.7

Power Factor 0.4 - 0.9 > 0.5
CHP Heat Efficiency

Factor
0.1 - 0.8 > 0.5

Storage sys-
tems

Heat Efficiency
Factor

0.2 - 1.0 > 0.6
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8.2.5.4 Coverage fraction

Definition:
Describes how large the share is, which an energy supply system contributed to a
total energy supply (usually over a year). This indicator is often used for thermal
collectors but also interesting for every combined energy supply system.
The coverage fraction can also be used to express the total share of renewable en-
ergy sources in a complex energy supply system. Also the share of self-sufficiency
of a district can be expressed as a coverage fraction: how large is the coverage-
fraction of self-generated energy compared to the total amount of energy.

Interesting questions
• What is the technology’s technical potential?
• Which combination of technical measures makes sense?
• How large is the share in domestic hot water preparation, which can be taken
over by solar thermal collectors?
• Which amount of fossil energy carriers can be replaced by renewables?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings X
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider
tenant/user X
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Unit: [%]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Energy
provided by
solar system,
by renewable
in common or
self-produced
energy

Wpart [kWh] X

Total energy
amount

Wtotal [kWh] X

Calculation rule
EF =

Wpart

Wtotal

Possibilities of interpretation
The aim of installing a solar thermal system is to cover a possibly high share of
the total needed energy by this renewable energy source. The achieved measured
value should be compared to the calculated one during the planning phase on one
hand and to known reference values (from other systems, literature or national
standards) one the other hand.
The fraction of renewable energy on a total energy system or the share of self-
generated energy on the total energy consumption can show how effective the
performed measures have been towards a sustainable and independent energy
supply.

Numeric example
The total energy consumption for domestic hot water preparation in a singe-family
house accounts to 1,500kWh per year. The heat provided by the solar thermal
collectors is 900kWh and the pellet boiler contributes 600kWh of the total energy.
Therefore the coverage fraction of the solar system is 60%.

Interdependencies with other performance indicators
No interdependencies.

Benchmarks
The following table shows values for common systems.
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Application Possible values Good values
Thermal collectors for
DHW

0.1 - 1.0 0.4 (Northern Europe) -
0.8 (Southern Europe)

Thermal collectors for
DHW + heating

0.1 - 1.0 0.2 (Northern Europe) -
0.4 (Southern Europe)
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8.2.5.5 Capacity utilization

Definition:
This indicator shows how much of the installed power is used at maximum or in a
time distribution. Oversized and therefore not efficient system can be identified.
A reasonable calculation of the capacity utilization is only possible, if the time reso-
lution is accordingly high. A metering at a 15-minute-interval (as commonly used by
energy providing companies) should be the least time resolution; an even smaller
interval is recommended.

Interesting questions
• To what extend is the energy supply unit used compared to its capacity?
• Is the energy supply unit oversized and therefore perhaps working in an inef-
ficient way?

Adequacy for objects of assessment

building component and system X
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood X
community
(region)
(country)
(EU)

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider
tenant/user X
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Unit: [%]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Maximum
requested

power during a
time period

Pmax [kW] X

Peak design
power of the
supply unit

Ppeak [kW] X

Total operating
hours

top [h/a] X

Full load hours FLH [h/a] X (chapter
8.2.5.6)

Calculation rule
CU =

Pmax
Ppeak

or CU =
Pmax · top

W
=

top
FLH

Possibilities of interpretation
In most cases an energy supply unit works the more efficient the closer the actual
power is to the peak power (or the designed operation range). With fossil fuel
boilers the decrease of efficiency when not reaching the design power is less than
with biomass boilers for example.
Contrariwise the capacity utilization (with a higher time resolution) of a district
heating system can identify if there is spare capacity to connect further consumers.

Numeric example
A compression chiller of 250kW has been planned and installed for the cooling needs
of an office building. During a year with a hot summer the maximum registered
power has been only at 120kW and there have not been any comfort problems at
the cooled rooms.
The capacity utilization has only been 48 percent, the chiller seems to be oversized.

Interdependencies with other performance indicators
If the total operating hours are known, average capacity utilization can be calculated
by dividing them through the full load hours (see chapter 8.2.5.6 ).

Benchmarks
Usually the value should be as close to 1 as possible. If the designed operation
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range is not the peak power on purpose, then the capacity utilization has to be
regarded by a time distribution.
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8.2.5.6 Full load hours

Definition:
Full load hours - sometimes called equivalent full load hours - show how many
hours during a year a system would have run at maximum load generating the
same amount of energy. This calculation is theoretical and neglects the fact of
different efficiency at different load.
The indicator is calculated by dividing the annual amount of energy by the peak
load. It is often used during the planning stage to rate the economical sense of
implementing the particular energy supply unit. Comparing the real full load hours
to planned value or reference values can be an indicator for system oversizing or
maloperation.

Interesting questions
• How many hours would the system have run at maximum load to generate the
same amount of energy?
• How good is the energy supply unit utilized?
• Does my energy supply unit achieve a usual energy output compared to its
size?

Adequacy for objects of assessment

building component and system X
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user X
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Unit: [h/a]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Total provided
energy during
a time period

W [kWh] X

Peak design
power of the
supply unit

Ppeak [kW] X

Calculation rule
FLH =

W

Ppeak

Possibilities of interpretation
Full load hours describe how intensely an energy supply unit is used over a one
year period. Often this indicator is calculated during the planning phase to valuate
the reasonable use and the economic performance of the technology. Usually a
technology is the more economic the higher the full load hours are. An assess-
ment of combining economic indicators with measured full load hours will show this
correlation.

Numeric example
The fresh water turbine, installed in CONCERTO at Mš̈dling, Austria (HOLISTIC), is a
9.5 kW system and supposed to generate 24,000 kWh of electricity. The calculated
full load hours are 2,526 h/a accordingly.
A combined heat and power (CHP) engine with 20kW electrical peak power and
with 40kW thermal peak power is operated in a heat-led mode and produces
128,000kWh during one year. The equivalent full load hours are 3,200. In the
planning phase the engineer in charge stated that the CHP would be economically
viable when reaching 4,500 full load hours a year.

Interdependencies with other performance indicators
The formula is the same as the one for the specific yield (if related to the peak
power). The naming of the key figure depends on the point of view and the purpose
for which the key figure is used.

 
137

 



CHAPTER 8. CHARACTERIZATION OF PERFORMANCE INDICATORS

Type of energy supply unit Full load hours [h/a]
Wind turbine onshore 1,300 - 2,000
Wind turbine coast or offshore 2,000 - 3,200
Photovoltaics 800 (Scandinavia) - 2,200 (Southern Europe)
Hydro turbines 2,500 - 6,000
Combined heat and power (CHP) should be 4,500 or more
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8.2.5.7 Availability

Definition:
Irregular downtimes due to errors, damages or breakdown can severely reduce
the operation hours of an energy supply unit. In the case of downtimes back-up
systems have to take over the energy production, which can cost extra money and
influence planned performance e.g. in terms of reducing CO2-emissions.
The so-called availability describes an indicator about the reliability of a system.
This indicator puts the downtimes into relation of the total supposed operation
time.

Interesting questions
• How reliable is a technology?
• Do energy supply units based on innovative technologies or renewable energy
carriers have more break-downs or maintenance hours than conventional sys-
tems?

Adequacy for objects of assessment

building component and system X
individual building
group of buildings
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user X
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Unit: [%]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Total operation
time

top [h] X

Total time of
irregular
downtimes

tdown [h] X

Calculation rule
AV =

top
top + tdown

Possibilities of interpretation
For assessment the availability could be combined with the efficiency factor and
the average capacity utilization to a kind of overall equipment effectiveness (OEE)
as introduced by Seiichi Nakajima Nakajima (1995) in 1960’s (based on Harrington
Emerson way of thinking regarding to labor efficiency).
The OEEsupplyunit would be availability * efficiency factor * average capacity utiliza-
tion. Sample calculations were not possible yet due to missing data on downtimes
or breakdowns. If the availability is of interest, in future projects the monitoring
should include sample energy supply units, of which the downtimes and the rea-
sons for it should be recorded very precisely. A protocol created by the operators
of the system should also include the exact reasons for supporting the reasonable
interpretation.

Numeric example
A wood chip boiler tends to break down quite often during the first year of operation
due to material being stuck in the transport screw. The total downtimes sum to
50 hours, whereas the total operation time was 3,000 hours. This results in an
availability factor of 98.4 percent.

Interdependencies with other performance indicators
No interdependencies.

Benchmarks
Benchmarks could not be found.
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8.2.5.8 Quality of prediction

Definition:
This indicator can be regarded as congruence of calculated and metered indicators.
It puts calculated key figures from the planning process into relation to metered
real values during operation. The value shows in percent how close the measured
indicator is to the calculated one. The closer the indicator is to 100% the better
was the prediction.

Interesting questions
• To what extent do planned and metered values differ?
• How good is the performance of a building or an energy supply predictable?

Adequacy for objects of assessment

building component and system X
individual building X
group of buildings X
energy supply unit X
group of energy supply units X

neighborhood X
community X
(region) X
(country) X
(EU) X

Adequacy for roles

client/investor X
planner/consultant X
energy supplier X
legislator/grant provider X
tenant/user X
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Unit: [%]
List of input parameters:

Name Symbol Unit Source Comment Module

O
bj
ec
t

C
ou
nt
ry
da
ta

C
on
ve
nt
io
n

Calculated
indicator

Icalc differs X cf. all
indicators
in this
document

Measured
indicators

tmeas differs X cf. all
indicators
in this
document

Calculation rule
Q =

Ical
Imeas

Possibilities of interpretation
The closer the value is to 100% the better the prediction was. The assessment is
supposed to show if some indicators are better to predict than others. It can show
where a forced research on prediction methods would be appropriate.

Numeric example
The calculated final energy demand (heating) for a new building in North Tipperary
(SERVE) was 49.1kWh/m2a. The metered energy demand is 42.3kWh/m2a. The
quality of prediction shows a value of 116%, so there is a deviance of 16 percent
from the metered to the calculated value.

Interdependencies with other performance indicators
No interdependencies.
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Chapter 9

Modules for buildings and
small-scale building-integrated
energy supply systems

In this chapter the input parameters are described in more detail using modules.
Those modules characterize the efforts and benefits needed to calculate and in-
terpret the performance indicators. The description of the efforts and benefits is
influenced by the selected system boundaries, which generally are chosen with
respect to the perspective of the stakeholder.

 
143

 



CHAPTER 9. MODULES FOR BUILDINGS AND SMALL-SCALE BUILDING-INTEGRATED
ENERGY SUPPLY SYSTEMS

9.1 General considerations

In this section general topics being of particular relevance for all indicator cate-
gories are discussed. Specifically, reference considerations affect economic and
environmental performance indicators.

The following three items are discussed in detail in the subsections below:

• reference unit
• reference time period
• reference case
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9.1.1 Reference unit

For comparability reasons it is sometimes necessary to relate a calculated figure to
a reference unit. For example, when looking at an absolute primary energy figure
it is hard to interpret the value and to decide whether the energy performance of
the building is good or bad. The same holds for economic data. Therefore, it is
recommended to divide the absolute figure by a reference unit. The following list
shows possible reference units:

Reference unit Unit Example Standard1

person
usage unit UU bed DIN-18205 (1996)

workstation
gross volume m3 GV DIN-277-1 (2005)
gross floor area m2 GFA DIN-277-2 (2005)
net floor area m2 NFA DIN-277-3 (2005)
usable area m2 UA
rentable area m2 RA MF-G (2004)
living space m2 LS WoFG (2010)
component surface m2 CS m2 solar thermal collectors

m2 insulation
installed capacity kWpeak photovoltaics

Table 9.1: Reference units for specific cost figures or energy performance and
emission indicators, Source: own illustration following Michl (2011).

It is essential to clearly state which reference unit was taken, especially for area
definitions e.g. m2 GFA.

Generally, it is possible to convert different area definitions into each other. For Ger-
many, the tables 9.2 and 9.3 show typical conversion factors for selected building
types:

Type of building UA NFA GFA
single or two family building 1.453 1.00 0.800
small multi family building (3-10 dwellings) 1.464 1.00 0.843
large multi family building (10-20 dwellings) 1.419 1.00 0.844
large housing estate (> 20 dwellings) 1.421 1.00 0.837

Table 9.2: Conversion factors for different area definitions for residential build-
ings in Germany, Source: According to BKI Baukosten Gebäude (2013) (averages
considered).

It should be mentioned that especially for non-residential buildings the usage type
and usage intensity should also be stated, e.g. kindergarten for 30 children, open
from 06:00 to 18:00 o’clock from Monday to Friday closed at weekends.
1Taking into account German Standards

 
145

 



CHAPTER 9. MODULES FOR BUILDINGS AND SMALL-SCALE BUILDING-INTEGRATED
ENERGY SUPPLY SYSTEMS

Type of building UA NFA GFA
school 1.36 1.00 0.89
kindergarten 1.30 1.00 0.86
university 1.56 1.00 0.88
office 1.40 1.00 0.85
sports halls 1.19 1.00 0.91
indoor swimming pools 1.40 1.00 0.88
daycare for the elderly 1.29 1.00 0.85
student apartments 1.36 1.00 0.85
restaurant, bar, canteen 1.46 1.00 0.91
factory building 1.16 1.00 0.89
warehouses 1.06 1.00 0.89
health buildings, hospital 1.53 1.00 0.86
research building, laboratory 1.61 1.00 0.87
public facility 1.32 1.00 0.84
cultural building 1.28 1.00 0.88

Table 9.3: Conversion factors for different area definitions for non-residential build-
ings in Germany, Source: Ornth (2009).

9.1.2 Reference time period

Cost figures for costs in use as well as specific energy performance and emission
indicators are related to reference time periods. Generally, one calendar year is
considered but there are also other possibilities:

• calendar year
• accounting period
• heating period

Anyway, it should be exactly stated which period is taken into account since there
are different weather conditions in different years (e.g. hard/mild winters, cloudy/-
sunny summers, etc.). Moreover, economic figures underlie i.a. inflation and/or
energy price increases, etc.. In order to achieve comparability between energy
flows, emissions and/or economic figures of different years climate and/or eco-
nomic corrections can be conducted (see 6.1.2).

9.1.3 Reference case

The objective of the determination of construction costs and costs in use in case of
new constructions and refurbishment projects is the comparison between planning
and actually built variants as well as the elaboration of basics for economic efficiency
calculations. As far as it is necessary to refer to a basic variant in the context of
the comparisons of variants and economic efficiency calculations the determination
of construction costs and costs in use for this basic variant is also essential.
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In case of new buildings the basic variant can be either a reference building which
corresponds to legal requirements and/or the state-of-the-art technology or a dif-
fering but clearly defined variant. This is necessary if e.g. not only cost differences
between energy optimized buildings and the state-of-the art technology are of inter-
est but also comparisons between different variants of energy optimized buildings
(e.g. passive house vs. net-zero-energy house).

In case of refurbishments the state of the building BEFORE the refurbishment is
normally referred to as the basic variant.
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9.2 Economic considerations

A prerequisite for the analysis of interactions between energy concepts of buildings
and costs is the identification, structuring, collection and preparation of relevant
cost figures. The term "costs" is not necessarily used in accordance with the micro
economic definition but rather in the sense of payments.

An essential requirement for the determination and interpretation of cost values is
assuring transparency and comparability. Therefore, at least the following informa-
tion for cost data must be available:

• handling of VAT (not included, included with x %)
• reference year for the invoiced costs (price level) - e.g. II/2010
• type, extent, level of difficulty or quality standard of measures which cause
the costs

Furthermore, it is preferable to specify in case of single measures the technical
service life of components or systems.

For the calculation of economic indicators the following topics are described in a
modular way:

• construction costs/investment
• costs in use
• replacement investment
• end of life costs
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9.2.1 Construction costs/investment

According to CEEC (2008) the following cost groups for construction costs in a
wider sense (also including "design and incidental costs" and "land and finance")
are defined:

A Preliminaries
B Substructure
C External superstructure/envelope
D Internal superstructure
E Internal finishings
F Services installations
G Special Equipment
H Furniture and fittings
I Site and external works
J Construction contingencies
K Taxes on construction
L Design team fees
M Ancillary costs and charges
N Project budget contingencies
O Taxes on design and incidental costs
U Land costs
V Finance
W Grants and subsidies
X Taxes on land

The mentioned cost groups can be further divided into subgroups. The concept
of the CEEC is designed the way that existing national classifications at a more
detailed level of information build the subgroups. Because of the comparability
barrier induced by this approach in CONCERTO the subgroups of DIN-276-1 (2008)
are used.

For more information and further details about cost groups and the determination
of costs consult Lützkendorf et al. (2012).

When calculating specific construction cost figures the selection of cost groups that
should be included in the consideration depends on the specific questions. For
example, in the context of energy efficiency measures often only the cost groups
[C], [D], [E], [F], [G] and [M] are of interest. In any case, for transparency and
comparability reasons it should be clearly stated which cost groups or subgroups
are included and which not.
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9.2.1.1 Energy-related construction costs/investment

In the context of energy efficiency and renewable energy measures often only
the part of the construction costs which are directly or indirectly influenced by the
energy concept are of interest. When calculating economic efficiency indicators just
the part of the construction costs that triggers energy savings should be included
in the consideration.

The following cost groups are interlinked with the energy concept:

C External superstructure/envelope
D Internal superstructure
E Internal finishings
F Services installations
G Special equipment
M Ancillary Costs and Charges

In case of refurbishments two different cost approaches can be distinguished:

• the full cost approach
• the additional cost approach.

Already existing buildings are renovated and refurbished. Refurbishment measures
are intended to adapt to new requirements and technical possibilities in contrast to
measures that concentrate on the mere re-establishment of living conditions. Nor-
mally, renovation and refurbishment measures can be distinguished, if possible. In
numerous cases refurbishment measures are realized in the context of renovation
measures that have to be taken anyway.

In this context the costs for energy efficiency refurbishments can either be deter-
mined as full or additional costs. The full cost approach is chosen if the energy
efficiency refurbishment measures are realized independently from renovation ac-
tivities. In this case the full costs for the measures taken are assigned to the energy
efficiency refurbishment. Figure 9.1 illustrates this situation.

In case of an interlinking with a necessary renovation measure the full costs for the
measures taken can be split into one part which is assigned to the renovation and
the other which is assigned to the energy efficiency refurbishment. The part which
is assigned to the energy efficiency refurbishment is called energy-related additional
costs. In the context of CONCERTO the other part of the full costs is called "fictive
costs for the renovation". Figure 9.2 gives an overview on full, additional and fictive
renovation costs.

(Example: If a thermal insulation composite system is installed costs for scaffold-
ing, removal of the plaster, installation of the thermal insulation composite system,
etc. are incurred. If the full cost approach is applied those costs are fully charged
to the energy efficiency refurbishment. If the installation of the thermal insulation
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Figure 9.1: Full cost approach in case of refurbishment measures independent of
renovation; Source: own illustration.

Figure 9.2: Additional cost approach in case of interlinked renovation and refur-
bishment measures; Source: own illustration.

composite system is interlinked with a renewal of the plaster which had to be done
anyway the "fictive renovation costs" for scaffolding, the removal of the damaged
plaster as well as the installation and coating of the new plaster can be subtracted
from the full costs. The resulting costs are the energy-related additional costs.)

Generally, the same reasoning can be applied for new constructions. The additional
cost approach can be used i.a. with respect to a new construction meeting minimal
national requirements.

Further information and more details about energy-related construction costs and
how they can be determined can be found in Lützkendorf et al. (2012). Further-
more, so-called CONCERTO Premium Data Collections Sheets are available upon
request.
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9.2.2 Costs in use

Costs in use are costs that occur regularly or irregularly during the useful economic
life of a building. Regular costs in use are generally incurred on an annual basis
and underlie only relatively weak fluctuations. The analysis and determination of
irregular costs in use are more problematic since replacement investments may
occur only after 15-30 years.

According to CEEC (2008) the following cost groups for costs in use are defined:

P Maintenance
Q Operations
T Taxes on costs in use

P Maintenance
Maintenance is intended for the re-establishment of functionality which includes
repairs. Generally, maintenance costs occur rather irregularly. Furthermore, at the
end of the planned service life replacement investments are necessary, which are
also assigned to maintenance.

For the determination of maintenance costs there are three possibilities:

• long-term analysis of maintenance costs according to bills
• analysis of full maintenance contracts
• use of repair factors according to VDI-2067 (2000).

The costs for maintenance and replacement investments can be determined as sum
of the costs which arose during the year. In this case it has to be documented which
building components and systems are included in maintenance and replacement
investments. If possible costs for maintenance and replacement investments should
be directly assigned to the individual building components and systems. At least
the technical service life of relevant building components and systems should be
specified.

In practice, it is rather difficult to achieve a long-term analysis of maintenance costs.
Experience shows that for new constructions maintenance costs are only incurred
at the earliest after five years or that those costs are covered by guarantee and
warranty obligations within this five-year period, respectively.

As an alternative strategy it is recommended to analyze full maintenance contracts
or to obtain offers from manufactures if no full maintenance contracts have been
concluded yet.

Full maintenance contracts normally include maintenance services and enable a
transition of irregular maintenance costs into regular (yearly) payments. The exact
scope of services of the analyzed full maintenance contracts should be examined.
Contracts which are called full maintenance contracts can also include services like

 
152

 



CHAPTER 9. MODULES FOR BUILDINGS AND SMALL-SCALE BUILDING-INTEGRATED
ENERGY SUPPLY SYSTEMS

small spare parts to the point of replacement of complete components or plant
components.

A third possibility is to calculate the maintenance costs using repair factors that
estimate costs in percent of the investment sum per year and component. Again
irregular costs are transferred into regular payments. However, this approach is
often discussed critically since higher investments lead directly to higher calculated
maintenance costs. The fact that higher investments may mean better quality and
therefore less maintenance efforts is neglected.

In the context of replacement investments technical service life of installation com-
ponents play an important role. Table 9.7 shows the technical service life of se-
lected components according to VDI-2067 (2000). Furthermore, the mentioned
repair factors are included in the table.

Installation component Service life Repair factor2

gas condensing boiler 18-20 1.0-1.5
oil burner 12 2.0
electric heating 25 1.0
heat pumps 15-20 3.0
micro CHP 15 6.0
solar thermal collectors 15-20 0.5-1.0

Table 9.4: Technical service life of selected installation components according to
VDI-2067 (2000).

Q Operations
Costs in use for operations include cleaning, water, energy, waste disposal, insur-
ance, inspections and servicing of mechanical and electrical services, administra-
tion, management and caretaking.

In the following the focus is on energy, operation, cleaning, inspections and servic-
ing of mechanical and electrical services.

Annual energy costs
The annual energy costs of a building directly result from the input quantity of
energy carriers valued by the respective price per unit according to the supply
contracts. Energy costs are calculated based on final energy flows. For the deter-
mination of final energy flows see module 9.4.1.2. Generally, the calculation rule
of annual energy costs is

Kt =
∑
i∈I

Bi,t · pUi,t

with
2in percentage of investment per year and component
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Kt costs for the fuel consumption/demand of a building in year t
Bi,t consumption/demand of energy carrier i in year t e.g. in [m3] or [l]
pUi,t price per unit for energy carrier i in year t
I set of energy carriers

Especially for grid-bound energy carriers (gas, district heat, electricity) energy tar-
iffs consist of a base price (e.g. annually charged for each installation) and a
demand charge (e.g. price per kWh). If available the base price should be added
to Kt:

Ktotal,t = Kt +
∑
i∈I

pbase,i

with
Ktotal,t total costs for the fuel consumption/demand of a building in year t
pbase,i base price for each energy carrier
Kt costs for the fuel consumption/demand of a building in year t
I set of energy carriers

For some considerations it might be advisable to transform the consumptions/de-
mands of the different energy carriers into their energy content using the heating
value of the respective energy carrier as well as the prices per unit into prices per
kWh.

Ei,t = Bi,t ·Hu,i

[
kWh

year

]
pkWh
i,t = pME

i,t ·Hu,i

[
e

kWh

]
Kt =

∑
i∈I

Ei,t · pkWh
i,t

[
e

year

]
with
Ei,t consumption/demand of energy carrier i in year t in kWh
Bi,t consumption/demand of energy carrier i in year t e.g. in [m3] or [l]
Hu,i heating value
pUi,t price per unit for energy carrier i in year t
pkWh
i,t price per kWh for energy carrier i in year t
Kt costs for the fuel consumption/demand of a building in year t
I set of energy carriers

When the heating values are not given in the supply contracts typical values from
standards can be considered. Table 9.5 shows heating values according to VDI-
3807-1 (2007).

Table 9.6 gives an overview over energy prices of the CONCERTO countries accord-
ing to European Commission - Eurostat (2013b), European Commission - Eurostat
(2013c), European Commission - Eurostat (2013g) and Euroheat & Power (2013).

Annual costs for operation, cleaning, servicing and inspections
Inspection and servicing are intended for the control and upkeeping of the required
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Energy carrier Unit Heating value Hu

light fuel oil l 10.0 kWh
l

heavy fuel oil l 10.9 kWh
l

domestic gas H m3 10.0 kWh
m3

domestic gas L m3 9.0 kWh
m3

liquid petroleum gas (LPG) kg 13.0 kWh
kg

coke kg 8.0 kWh
kg

lignite kg 5.5 kWh
kg

hard coal kg 8.0 kWh
kg

wood (air-dried) kg 4.1 kWh
kg

wood pellets kg 5.0 kWh
kg

wood chips loosely packed 650.0 kWh
SRm

cubic metre (SRm)
district heat kWh 1.0 kWh

kWh

Table 9.5: Heating values of energy carriers according to VDI-3807-1 (2007).

or planned status of technical installations. In individual cases the costs for the
operation of domestic technical installations as well as costs for cleaning of facades,
windows or technical components arise as well. They are also determined in this
context. Generally, all those costs are incurred regularly on a yearly basis

Kocsi,t = Ko,t +Kc,t +Ks,t +Ki,t [e]

with
Kocsi,t total costs for operation, cleaning, inspection and servicing in year t in [e]

Ko,t costs for operation in year t in [e]

Kc,t costs for cleaning in year t in [e]

Ks,t costs for servicing in year t in [e]

Ki,t costs for inspection in year t in [e]

For the determination of the costs for operation, cleaning, inspection and servicing
the analysis of invoiced costs is necessary. Alternatively, the analysis of service
contracts is recommended. If there are no service contracts it should be examined
whether it is possible to obtain offers from manufacturers. The exact scope of the
services of the analyzed service contracts should be examined, too. Often so-called
service contracts only include inspection performances.

The costs for operation, cleaning, inspection and servicing can be determined as
sum of the costs for each component which arose during the year. In this case it
has to be documented which building components and systems are included in the
inspection and servicing. If possible the costs for operation, cleaning, inspection
and servicing should be directly assigned to the individual building components and
systems.

If the costs cannot be determined by analysis estimations can be performed. In
case of inspection and servicing table 9.7 illustrates combined factors estimating
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Country Electricity Gas Heating oil District heating

Austria 0.19 0.06 0.06 0.05
Belgium 0.19 0.06 0.05 —
Bulgaria 0.08 0.05 0.08 —
Croatia 0.12 0.03 — —
Czech Republic 0.13 0.05 0.05 0.07
Denmark 0.27 0.09 0.09 0.10
Finland 0.13 0.04 0.06 0.05
France 0.12 0.05 0.06 0.07
Germany 0.23 0.06 0.06 0.07
Hungary 0.15 0.05 0.10 0.03
Ireland 0.20 0.06 0.07 —
Italy 0.21 0.08 0.10 —
Lithuania 0.10 0.04 0.05 0.07
Luxembourg 0.19 0.05 0.05 —
Netherlands 0.19 0.08 0.07 —
Norway 0.16 0.07 — 0.07
Poland 0.11 0.04 0.05 0.04
Slovakia 0.15 0.05 0.05 0.07
Slovenia 0.13 0.07 0.06 0.04
Spain 0.16 0.06 0.06 —
Sweden 0.16 0.09 — 0.06
Switzerland 0.26 0.14 — —
United Kingdom 0.15 0.04 0.05 —

EU (27 countries) 0.16 0.06 — —
EU (16 countries) 0.17 0.07 — —

Table 9.6: Energy prices for the CONCERTO countries, given for households in
e/kWh from 2009 according to European Commission - Eurostat (2013b), Euro-
pean Commission - Eurostat (2013c), European Commission - Eurostat (2013g)
and Euroheat & Power (2013).

the effort for selected components (like for maintenance).

In case of cleaning the following calculations can be conducted:

Kc,t = Kcf,t +Kcw,t +Kctc,t [e]

with
Kc,t costs for cleaning in year t in [e]

Kcf,t costs for cleaning of facades in year t in [e]

Kcw,t costs for cleaning of windows in year t in [e]

Kctc,t costs for cleaning of technical components in year t in [e]

3in percentage of investment per year and component
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Installation component Combined inspection & Operation effort
servicing factor3

gas condensing boiler 1.0-1.5 20
oil burner 10 0
electric heating 1.5 5
heat pumps 1.0-1.5 20-40
micro CHP 2.0 100
solar thermal collectors 0.5-1.0 5

Table 9.7: Combined inspection and servicing factors and operation efforts of se-
lected installation components according to VDI-2067 (2000).

Now the costs for cleaning of facades, windows and technical components can be
estimated

Kcf,t = Af · hf,t · af,t · pf,t [e]

Kcw,t = Aw · hw,t · aw,t · pw,t [e]

Kctc,j,t = Atc,j · htc,j,t · atc,j,t · ptc,j,t [e]

with
Kcf,t costs for cleaning of facades in year t in [e]

Kcw,t costs for cleaning of windows in year t in [e]

Kctc,j,t costs for cleaning of technical component j in year t in [e]

Af , Aw, Atc,j facade, window, technical component surface to be cleaned in
[
m2
]

hf,t, hw,t, htc,j,t frequency of cleaning in year t
af,t, aw,t, atc,j,t cleaning effort in year t in

[
h
m2

]
pf,t, pw,t, ptc,j,t cost rate of cleaning in year t in

[
e
h
]

In case of operation estimates can be calculated following

Ko,t =
∑
i∈I

pj,t · aj

with
Ko,t costs for operation in year t in [e]

pj,t cost rate for operation of technical installation j in year t in
[
e
h
]

aj,t operation effort of technical installation j in year t in [h]

Table 9.7 gives efforts on operation of selected installation components according
to VDI-2067 (2000).

9.2.2.1 Average annual costs in use savings

The average annual costs in use savings are needed as input parameter for eco-
nomic efficiency calculations. The energy-related construction costs/investments
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are contrasted with the annual monetary savings in order to evaluate the cost-
benefit ratio.

Generally, for obtaining the average annual costs in use savings alternative sce-
narios must be compared. Therefore, reference cases have to be defined. More
information about reference cases can be found in section 9.1.3. Anyway, the fol-
lowing subtraction must be performed:

m = mref −mreal

with
m average annual costs in use savings
mreal average annual costs in use of the planned or already implemented alternative
mref average annual costs in use of the reference case.

9.2.3 End of life costs

End of life costs are costs that are incurred at the end of the building life cycle.
According to CEEC (2008) the following cost groups for end of life costs are defined:

R Disposal
S Decommissioning

When dynamic economic calculations are considered the end of life costs normally
only play a minor role. Because of the discounting effects present values of cash
flows being 50 years into the future (even large cash flows) are rather small and
do not have great impacts on the result. This is why end of life costs are often
neglected.
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9.3 Macro-economic considerations

Macro-economic considerations are especially of interest for stakeholders like grant
providers and legislators. In this guidebook the calculation of three macro-economic
indicators are characterized.

For the calculation of those indicators the following topics are described in a modular
way:

• grants and subsidies
• external effects
• gross domestic product of national economy
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9.3.1 Grants and subsidies

In the context of energy efficiency and renewable energy measures grants and
subsidies play an important role. The aim is to encourage stakeholders to invest in
such measures even if the economic benefit is actually low or not given. With the
grants and subsidies the profitability threshold shall be exceeded.

The type of the grant scheme can vary significantly. Inter alia, non-repayable pay-
ments, subsidized interest-rates for loans or feed-in schemes like for photovoltaic
installations are possible. In CONCERTO the following types of grant and support
programmes are enquired:

• grants
– non-repayable CONCERTO grants
– subsidized interest rate
– other non-repayable grant

• support programme
– EU
– national
– regional
– municipal
– initiated by energy supplier
– initiated by banks

Furthermore, feed-in tariffs have been included in some considerations.

When the benefits of grant schemes or support programmes shall be evaluated it
is interesting to relate the total monetary expenditure for the grant scheme to the
total amount of "‘positive effect"’. In CONCERTO, especially, triggered investments,
triggered primary energy and emission savings are calculated.

Gtotal =
∑
i∈I

exi

with
Gtotal total monetary expenditure for all considered grant schemes
exi monetary expenditure for grant scheme i
I set of considered grant schemes
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9.3.2 External effects

Generally, external effects are effects resulting from the action of a single or several
individuals affecting not only them but (also or even exclusively) other individuals.
Furthermore, those external effects are not compensated by any kind of consider-
ation. The evaluation of external effects is based on three steps:
• identification of external effects
• quantification of external effects
• monetarisation of external effects.

In CONCERTO the external effects of the use phase of the building are focused.

9.3.2.1 Categories of negative external effects

In the context of the construction sector external effects are often referred to as
environmental effects and the impact categories of the life cycle assessment (LCA)
are used for the identification of relevant effects:

• global warming potential
• acidification potential
• eutrophication potential
• ozone depletion potential
• photochemical ozone creation potential.

The quantification of negative external effects is achieved by calculating respective
emission equivalents for each impact category. Generally, for this step emission
factors are needed. The calculation is based on final energy flows (see subsection
9.4.1) which are multiplied by the respective emission factors.

efj =
∑
ec∈EC

Efe,ec · fec,j

with
efj average annual emission equivalent of impact category j
Efe,ec total final energy flow of energy carrier ec
fec,j emission factor for energy carrier ec and emission equivalent of impact category j
EC set of considered energy carriers

Table 9.8 illustrates the used emission factors in CONCERTO for Germany as an
example according to Gemis (2013) and Struschka (2007) measured in 2005 in
g/kWh.
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Finally, the monetarisation is obtained by multiplying the emission quantities with
a cost unit rate. Table 9.9 shows the respective emission equivalents per impact
category and the associated cost unit rates.

Impact category Emission Type Unit Min Max

global warming potential CO2,e [e/ton] 20 280
acidification potential SO2,e [e/ton] 5,200
eutrophication potential (PO3−

4 )e [e/ton] 1,700
ozone depletion potential R11e [e/ton] 11,850
photochemical ozone creation potential (C2H4)e [e/ton] 265

NOx [e/ton] 3,600
PM [e/ton] 12,000 60,000

Table 9.9: Impact categories and cost unit rates; Source: Bundesministerium für
Verkehr, Bau und Stadtentwicklung (2010).

Unfortunately, in CONCERTO the data availability only allows the determination of
the global warming and the acidification potential. Furthermore, NOx and PM are
included into the calculation of external costs.

9.3.2.2 Savings of emission equivalent of impact categories

Generally, for obtaining the average annual savings of emission equivalents for each
impact category alternative scenarios must be compared. Therefore, reference
cases have to be defined. More information about reference cases can be found in
section 9.1.3. Anyway, the following subtraction must be performed:

efj,saving = efreal,j − efref,j

with
efj,saving average annual savings of emission equivalent of impact category j
efreal,j average annual emission equivalent of impact category j of the planned or already implemented alternative
efref,j average annual emission equivalent of impact category j of the reference case.
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9.3.3 Gross domestic product of national economy

The gross domestic product (GDP) of a country is the monetary value of all the
finished goods and services produced within a country’s borders in a specific time
period, though GDP is usually calculated on an annual basis. It includes all of
private and public consumption, government outlays, investments and exports less
imports that occur within a defined territory.

GDP = C +G+ I + E −M

whit
C is equal to all private consumption, or consumer spending, in a nation’s economy
G is the sum of government spending
I is the sum of all the country’s businesses spending on capital
E is the nation’s total exports
M is the nation’s total imports

(Investopedia (2013))

C is normally the largest GDP component in the economy, consisting of private
(household final consumption expenditure) in the economy. These personal ex-
penditures fall under one of the following categories: durable goods, non-durable
goods, and services. Examples include food, rent, jewelry, gasoline, and medical
expenses but does not include the purchase of new housing.

G is the sum of government expenditures on final goods and services. It includes
salaries of public servants, purchase of weapons for the military, and any invest-
ment expenditure by a government. It does not include any transfer payments,
such as social security or unemployment benefits.

I includes, for instance, business investment in equipment, but does not include
exchanges of existing assets. Examples include construction of a new mine, pur-
chase of software, or purchase of machinery and equipment for a factory. Spending
by households (not government) on new houses is also included in Investment. In
contrast to its colloquial meaning, "‘Investment"’ in GDP does not mean purchases
of financial products. Buying financial products is classed as "‘saving"’, as opposed
to investment. This avoids double-counting: if one buys shares in a company, and
the company uses the money received to buy plant, equipment, etc., the amount
will be counted toward GDP when the company spends the money on those things;
to also count it when one gives it to the company would be to count two times an
amount that only corresponds to one group of products. Buying bonds or stocks
is a swapping of deeds, a transfer of claims on future production, not directly an
expenditure on products.

E GDP captures the amount a country produces, including goods and services pro-
duced for other nations’ consumption, therefore exports are added.

M Imports are subtracted since imported goods will be included in the terms G, I,
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or C, and must be deducted to avoid counting foreign supply as domestic.
(Wikipedia (2013))

Table 9.10 shows the GDP for the CONCERTO countries from 2003 to 2012 according
to European Commission - Eurostat (2013d).
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9.3.3.1 Percentage of construction sector on gross domestic product

The GDP can be split by economic sectors. In order to calculate the impact of
the construction sector on the gross domestic product the total turnover of the
construction sector is divided by the GDP. According to European Commission -
Eurostat (2013f) "‘the turnover is the total of all sales (excluding VAT) of goods
and services carried out by the enterprises of a given sector during the reference
period."’

Table 9.11 shows the percentage of construction sector on gross domestic product
of national economy from 2003 to 2008.

Country 2003 2004 2005 2006 2007 2008

Austria 12.07 11.85 11.51 11.76 12.40 13.77
Belgium 10.92 10.97 11.32 12.25 12.95 13.93
Bulgaria 11.40 14.14 17.15 20.15 24.54 27.98
Croatia — — — — — —
Czech Republic 20.89 20.31 19.36 21.06 21.47 —
Denmark 10.73 10.87 11.76 12.87 13.84 13.61
Finland 11.63 12.10 12.59 12.41 13.23 14.19
France 9.83 10.21 10.41 11.20 11.69 12.52
Germany 8.13 6.48 6.17 6.62 5.92 6.41
Hungary 14.42 14.61 15.71 16.28 15.76 15.39
Ireland 7.33 8.16 9.56 12.05 10.41 16.32
Italy 11.34 13.33 13.73 14.96 15.56 17.00
Lithuania 11.09 12.39 14.41 16.84 19.80 17.70
Luxembourg 12.36 11.96 11.59 11.24 11.55 12.37
Netherlands 14.17 13.55 13.60 14.27 14.89 15.62
Norway 10.31 10.32 10.44 10.74 12.31 12.29
Poland 10.53 10.28 11.08 12.48 14.23 16.06
Slovakia 8.49 8.13 10.26 11.09 9.93 11.60
Slovenia 14.65 15.37 16.00 17.51 20.75 21.49
Spain 26.09 25.96 28.15 29.89 28.93 22.80
Sweden 10.64 10.62 11.15 11.99 13.06 13.86
Switzerland — — — — — —
United Kingdom 13.27 13.12 13.11 12.97 13.74 14.05

EU (27 countries) 11.90 12.13 12.47 13.25 13.41 —

Table 9.11: Percentage of construction sector on gross domestic product of na-
tional economy from 2003 to 2008; Source: own calculation based on European
Commission - Eurostat (2013d) and European Commission - Eurostat (2013f).
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9.3.3.2 Number of persons employed in the construction sector

In order to estimate the employment effects of energy efficiency and renewable
energy measures the specified indicator needs as input parameter the number of
persons employed in the construction sector. Table 9.12 shows the number of
persons employed in the construction sector from 2003 to 2008.

Country 2003 2004 2005 2006 2007 2008

Austria 252,185 251,914 249,587 252,552 261,861 270,499
Belgium 249,742 245,174 251,510 262,843 271,782 287,302
Bulgaria 133,710 134,962 157,618 185,279 221,176 252,383
Croatia — — — — — —
Czech Republic 391,147 394,957 391,295 393,187 401,661 —
Denmark 171,132 176,023 189,099 202,881 206,829 190,452
Finland 123,790 129,315 130,000 136,189 146,692 177,877
France 1,494,723 1,547,648 1,538,128 1,651,546 1,724,266 —
Germany 1,697,818 1,623,973 1,515,465 1,498,760 1,521,751 1,525,960
Hungary 232,348 238,149 234,703 239,948 242,794 240,010
Ireland 42,325 47,459 49,685 72,489 70,971 147,297
Italy 1,705,742 1,748,373 1,809,834 1,844,895 1,964,195 1,988,224
Lithuania 83,296 89,788 106,334 124,841 139,197 139,120
Luxembourg 32,118 33,023 34,022 25,727 37,628 39,138
Netherlands 463,112 455,314 471,303 481,176 486,171 496,447
Norway 142,419 142,921 146,461 157,850 172,787 190,960
Poland 626,057 613,799 648,306 700,283 796,882 890,144
Slovakia 68,245 63,231 68,943 72,118 74,470 82,820
Slovenia 63,780 64,279 65,871 71,744 79,853 88,731
Spain 2,310,522 2,455,722 2,657,642 2,797,501 2,880,513 2,099,362
Sweden 233,003 240,502 252,569 271,531 298,460 312,632
Switzerland — — — — — —
United Kingdom 1,322,639 1,347,409 1,392,009 1,393,465 1,430,515 —

EU (27 countries) 12,926,700 13,169,900 13,542,200 14,087,000 14,781,800 —

Table 9.12: Number of persons employed in the construction sector from 2003 to
2008; Source: European Commission - Eurostat (2013e).
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9.4 Environmental considerations

When calculating environmental indicators two dimensions are of special interest.
Besides energy, emissions play a more and more important role for the description
and evaluation of the environmental quality of buildings.

In this guidebook indicators of two different categories are characterized, firstly,
specific performance indicators and secondly, environmental payback periods.

For the calculation of those indicators the following topics are described in a modular
way:

• Energy
– initial energy input
– energy expenditure in use phase
– end of life energy input

• Emission
– initial emission input
– amount of emission in use phase
– end of life emission input
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9.4.1 Energy

Energy conversion chain
Energy flows are distinguished according to the energy conversion chain. There-
fore, for each calculated value it must be stated if useful, final or primary energy is
considered. Primary energy flows can be further subdivided into fossil and renew-
able energy flows.

Useful energy
Useful energy is the amount of energy that is directly needed for the services to
be provided, like for the upkeeping of temperature in rooms or for the heating of
domestic water. Inter alia, energy expenditures for space heating, space cooling
and domestic hot water can be stated. The useful energy demand is generally the
result of an energy balance in which energy losses and energy gains are included.

For lighting and further application areas of electricity, except space heating and
domestic hot water preparation, useful energy statements are theoretically possible
but practically unusual.

As part of the account of heating costs the expenditure of useful energy for e.g.
space heating and domestic hot water preparation can be included using measure-
ment methods for heating cost allocation or using installed heat meters.

Final energy
With final energy performance indicators the expenditure of energy carriers are
described. Represented is the amount of energy needed for the coverage of the
useful energy demand. The energy expenditure includes the expenditure of useful
energy plus the expenditure for the transformation, storage, distribution and trans-
fer of energy in the building. Final energy is the energy which is provided at the
system boundary "building". The expenditure of final energy is always tied to final
energy carriers. Since energy carriers differ in respect of energy prices, impacts
on resources and emissions it is inadvisable to sum up energy flows on the level
of final energy as far as different energy carriers are used. Generally, total energy
expenditures separately stated for each energy carrier are appropriate.

Final energy flows can be metered or reproduced by analysis of energy bills. Ideally,
the determination of final energy flows or input quantities of energy carriers is based
on a target-oriented metering concept.

Final energy performance indicators are especially suitable for target/actual or de-
mand/consumption comparisons if system boundaries and boundary conditions cor-
respond.

Generally, economic and environmental evaluations are based on final energy flows.
For energy cost calculations, evaluations of impacts on resources and on the envi-
ronment resulting from emissions final energy flows are needed as input parameter.
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Terms Definitions according to DIN-V-4701-10 (2003)
heating of buildings
(primary energy)

Amount of energy which is needed for the coverage of the
annual energy demand and the demand for domestic hot
water preparation also taking into account the additional
amount of energy which is needed for the upstream pro-
cess chain outside of the system boundary "building" for
the exploitation, transformation and distribution of the
used fuels.

heating energy de-
mand (final energy)

Amount of energy which is needed for the coverage of
the annual energy demand and the demand for domestic
hot water preparation determined at the system bound-
ary "building". The additional amount of energy which is
needed for the upstream process chain outside of the sys-
tem boundary "building" for the exploitation, transforma-
tion and distribution of the used fuels is not considered.

thermal heating de-
mand (useful en-
ergy)

Thermal heat which must be supplied to the room in order
to keep the target temperature of the heated rooms.

Table 9.13: Definitions of different energy flow types for the application example
space heating according to DIN-V-4701-10 (2003).

Primary energy
When calculating performance indicators using fossil primary energy flows energy
expenditures for the exploitation, transformation and distribution of the final energy
carriers outside of the system boundary "building" are considered in addition to the
final energy flows within the building. Therefore, primary energy can be interpreted
as the amount of energy being directly taken from nature.

The conversion of final energy in primary energy is achieved by multiplications of
final energy flows with average or specific primary energy factors for each energy
carrier separately. In contrast to final energy flows primary energy flows of different
energy carriers can be summed up (after the conversion). A list of primary energy
factors according to DIN-V-18599-1 (2011) is given in table 9.14.

Renewable primary energy flows characterize the expenditure of renewable energy
carriers from the source as well as for the use of renewable energy. Fossil primary
energy and renewable primary energy can be summed up as total primary energy.
Generally, the aim is to minimize total primary energy flows and parallelly increase
the percentage of renewable primary energy.

Table 9.13 sums up the definitions of the different energy flows for the application
example space heating according to DIN-V-4701-10 (2003).

Demand and consumption performance indicators
Energy performance indicators can be stated as demand or consumption figures.
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Demand figures are generally the result of demand calculations and can be disclosed
for useful, final or primary energy flows. Demand figures can i.a. be interpreted as
target values.

Generally, demand figures are dependent on the applied calculation procedure.
Therefore, for comparisons of calculated or researched (literature review) demand
figures the calculation procedure, the system boundaries and boundary conditions
must be clearly stated.

Consumption figures are the result of metering processes of final energy. The pri-
mary energy consumption can only be calculated from final energy flows using
primary energy factors. Especially, the final energy consumption represents an
actual value which should be metered and evaluated regularly. When consider-
ing consumption figures questions about corrections (temporal, local, in regard to
weather/climate) may arise. More details on corrections can be found in section
6.1.2 and 9.4.1.2.

A comparison of calculated demand and metered consumption figures in terms of
a target/actual comparison is only advisable if the system boundaries, boundary
conditions and scope and extent of regarded energy services correspond.

9.4.1.1 Initial energy input

Generally, when calculating the initial energy input primary energy is considered.
Furthermore, the following items must be regarded:

• primary energy input for the production of the components
• primary energy input for the transportation from the production facility to the
place of destination
• primary energy input for the assembly and installation of the components

The primary energy input for the production of the components can be found in
so-called environmental product declarations (EPD) or special databases, like the
German Ökobau.dat (Bundesministerium für Verkehr, Bau und Stadtentwicklung -
Ökobau.dat (2011)).

The primary energy input for the transportation from the production facility to the
place of destination must be calculated individually depending on the distance and
the type of transportation.

Normally, only rough reference values can be considered for the primary energy
input for the assembly and installation of the components.

The total initial energy input can be calculated

Eii,total =
∑
i∈I

(Eip,i + Eit,i + Eiin,i)
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with
Eii,total total initial energy input for all components in consideration
Eip,i initial energy input for production of component i
Eit,i initial energy input for transportation of component i
Eiin,i initial energy input for installation of component i
I set of all components in consideration

9.4.1.2 Energy expenditure in use phase

Energy flows can be stated in terms of useful, final or primary energy and can
be calculated demand or metered consumption figures like described in subsection
9.4.1. Furthermore, energy performance indicators are to be distinguished accord-
ing to type and extent of regarded energy services. It always has to be clearly
mentioned which energy services are included in the considerations:

• space heating
• doemstic hot water preparation
• space cooling
• air humidification and dehumidification
• ventilation
• auxiliary energy (e.g. for pumps)
• built-in lighting
• other building-related (lift, etc.) applications
• other utilization-related (PC, cooking, etc.) applications

Energy performance indicators can include either all energy services or only se-
lected ones. In case of the consideration of selected energy services it must be
clearly stated which services are covered and which not.

Because of lacking data only the following energy services are considered in CON-
CERTO:

• space heating
• doemstic hot water preparation
• space cooling

Energy performance indicators are either calculated for all three services together
or for each service separately.

Calculation of final energy expenditure
Generally, final energy flows of different energy carriers are not aggregated, that
means they should not be summed up. Therefore, there is a final energy figure for
each energy carrier used.

Efe,ec =
∑
i∈I

Efe,ec,i
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with
Efe,ec total final energy flow of energy carrier ec
Efe,ec,i final energy flow of energy carrier ec for energy service i
I set of considered energy services

Calculation of primary energy expenditure
Generally, primary energy flows can be obtained multiplying final energy flows with
primary energy factors. Primary energy of different energy carriers can be aggre-
gated and summed up since primary energy is an energy form found in nature that
has not been subject to any conversion or transformation process.

Epe =
∑
ec∈EC

∑
i∈I

Efe,ec,i · fec

with
Epe total primary energy flow
Efe,ec,i final energy flow of energy carrier ec for energy service i
fec primary energy factor for energy carrier ec
I set of considered energy services
EC set of considered energy carriers

Table 9.14 displays total and primary energy, non-renewable factors for Germany
in kWh/kWh according to Gemis (2013).
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Remark: Especially, primary energy factors for electricity underlie a high temporal
dynamic. It has to be clearly specified factors of which year are chosen.

Climate corrections
Regarding climate corrections of the fuel consumption it should be mentioned that
two parts have to be distinguished. Firstly, the weather-dependent part for space
heating/space cooling and the weather-independent part for domestic hot water.

Egest =
∑
i∈I

Ei,t = EHt + ECt + EDHWt

[
kWh

year

]
with
Et total consumption of building in year t in kWh
Ei,t consumption of energy carrier i in year t in kWh
EHt part of total consumption for space heating in year t in kWh
ECt part of total consumption for space cooling in year t in kWh
EDHWt part of total consumption for domestic hot water in year t in kWh
I set of energy carriers

Climate corrections are only performed for weather-dependent parts of the total
consumption

Êt = EHt · fH,t + ECt · fC,t + EDHWt

with
Êt climate corrected total consumption of building in year t in kWh
Ei,t consumption of energy carrier i in year t in kWh
EHt part of total consumption for space heating in year t in kWh
fH,t factor for the climate correction of consumption for space heating in year t
ECt part of total consumption for space cooling in year t in kWh
fC,t factor for the climate correction of consumption for space cooling in year t
EDHWt part of total consumption for domestic hot water in year t in kWh
I set of energy carriers

More information about the climate correction factors and details on climate cor-
rection can be found in section 6.1.2.

9.4.1.2.1 Average annual energy savings

Average annual energy savings are relevant when evaluating the environmental and
economic benefits of energy efficiency and renewable energy measures. Generally,
when savings are calculated a reference case for the comparison of alternatives
must be defined. More information and details about reference cases can be found
in section 9.1.3.

Basically, the following subtraction must be performed for calculating average an-
nual energy savings:

esavings = Eref − Ereal
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with
esavings average annual energy savings
Ereal energy expenditure of the planned or already implemented alternative
Eref energy expenditure of the reference case.

Remark: When energy savings are calculated for final energy flows the subtraction
must be conducted separately for each energy carrier.

9.4.1.2.2 Total energy savings

Sometimes instead of average annual energy savings total energy savings are
needed. Total energy savings are the sum of annual savings over the reference
study period. Generally, there are two possibilities of calculating total savings -
statically or dynamically. Like for economic considerations it is also imaginable to
discount energy savings. However, in CONCERTO the static approach is chosen:

etotal = (Eref − Ereal) · T

with
etotal total energy savings
Ereal energy expenditure of the planned or already implemented alternative
Eref energy expenditure of the reference case
T reference study period.

Remark: More information and details about reference study periods can be found
in chapter 7.

9.4.1.3 End of life energy input

Generally, when calculating the end of life energy input primary energy is consid-
ered. Furthermore, the following items must be regarded:

• primary energy input for the disassembly of the components
• primary energy input for the transportation from the place of destination to
the disposal ground or a recycling facility
• primary energy input for the disposal or recycling of the components

Normally, only rough reference values can be considered for the primary energy
input for the disassembly of the technology.

The primary energy input for the transportation from the place of destination to the
disposal ground or recycling facility must be calculated individually depending on
the distance and the type of transportation.

The primary energy input for the disposal or recycling of the components can also
be found in special databases, like the German Ökobau.dat (Bundesministerium für
Verkehr, Bau und Stadtentwicklung - Ökobau.dat (2011)).

 
177

 



CHAPTER 9. MODULES FOR BUILDINGS AND SMALL-SCALE BUILDING-INTEGRATED
ENERGY SUPPLY SYSTEMS

The total end of life energy input can be calculated

Eei,total =
∑
i∈I

(Eed,i + Eet,i + Eedi,i)

with
Eei,total total end of life energy input for all components in consideration
Eed,i end of life energy input for disassembly of component i
Eet,i end of life energy input for transportation of component i
Eedi,i end of life energy input for disposal of component i
I set of all components in consideration

9.4.2 Emissions

Specific emission indicators become more and more important in the context of
the characterization of impacts on global and local environment. When calculating
and interpreting such indicators the system boundries, boundary conditions and the
underlying data must be stated and described in detail.

Especially, for the representation of climate-relevant gases emission indicators are
calculated. Generally, the following approach can also be used for other types of
emissions (SO2, NOx, PM, etc.).

Remark: For the exact evaluation (the right choice of emission factor to be used) of
the emission performance of CHPs/heating systems/motors information regarding
the burner type, the combustion management as well as the state of maintenance
of the object under consideration is necessary since the composition of emissions is
significantly dependent on the above mentioned parameters. Thus, the proportions
of typical gases being emitted as exhaust gases, like e.g. CO2, CO, NOx, PM, CH4

can vary considerably. For example, if a system’s air filter is partially obstructed
less oxygen is available for the combustion process. This leads to an increased
proportion of CO emissions but a decreased CO2 proportion in the exhaust gases.
Furthermore, depending on the fuel increased PM emissions can occur. Likewise,
deposits in the area of the cylinder in piston engines can lead to disturbed ingnition
behaviour which in turn has an impact on the composition of the exhaust gases.

In case of CO and CO2 emissions it is, however, assumed that a postoxidation of
CO to CO2 is carried out since this is common standard. In this case the amount of
CO2 emissions is only dependent on the choice of fuel. That is why CO2 emissions
can be estimated with relative certainty. In CONCERTO it was decided to concen-
trate only on CO2 emissions because of the lacking data concerning the mentioned
parameters.

CO2 versus CO2-equivalents
Indicators for the description and evaluation of CO2 emissions can be distinguished
according to the concentration on solely CO2 or CO2-equivalent emissions (CO2,e).
When considering CO2,e other climate-relevant gases (greenhouse gases or kyoto
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gases) are also included. The greenhouse gases are converted into CO2,e and
summed up. The following greenhouse gases are considered to be relevant ac-
cording to the Kyoto Protocol

• carbon dioxide CO2

• methane CH4

• nitrous oxide N2O
• partially halogenated hydrocarbons HCFCs
• perfluorocarbons PFCs
• sulphur hexafluoride SF6.

Furthermore, gases like nitrogen oxides NOx, carbon monoxide CO and volatile
organic compounds VOCs are greenhouse-active.

When using CO2,e factors it has to be stated which emissions are included in the
conversion factors.

Remark: Especially, emission factors for electricity underlie a high temporal dy-
namic. It has to be clearly specified factors of which year are chosen.

Remark: Like described above CONCERTO Premium focuses on CO2 emissions since
CO2 emissions are independent of the burner type, the combustion management
as well as the state of maintenance of the object under consideration.

Type and extent of considered upstream chains
When calculating CO2 or CO2,e emission indicators either only the emissions that are
emitted in the system "building" or additionally emissions emitted in the context
of energy and material upstream chains can be regarded. According to the chosen
approach different emission factors have to be applied. Anyway, the approach must
be clearly specified.

9.4.2.1 Initial emission input

Generally, when calculating the initial emission input CO2,e is considered. The ap-
proach is analogous to the calculation of initial energy input. Accordingly, the
following items must be regarded:

• emission input for the production of the components
• emission input for the transportation from the production facility to the place
of destination
• emission energy input for the assembly and installation of the components

The emission input for the production of the components can be found in so-
called environmental product declarations (EPD) or special databases, like the
German Ökobau.dat (Bundesministerium für Verkehr, Bau und Stadtentwicklung
- Ökobau.dat (2011)).
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The emission input for the transportation from the production facility to the place
of destination must be calculated individually depending on the distance and the
type of transportation.

Normally, only rough reference values can be considered for the emission input for
the assembly and installation of the components.

The total initial energy input can be calculated

Emii,total =
∑
i∈I

(Emip,i + Emit,i + Emiin,i)

with
Emii,total total initial emission input for all components in consideration
Emip,i initial emission input for production of component i
Emit,i initial emission input for transportation of component i
Emiin,i initial emission input for installation of component i
I set of all components in consideration

9.4.2.2 Amount of emissions in use phase

Emission indicators are generally based on useful or final energy performance indi-
cators. Typically, final energy performance indicators are used.

Basically, the same remarks concerning system boundaries, boundary conditions,
reference units, considered energy services, etc. like for energy performance indi-
cators must be applied for emission indicators (see 9.4.1.2).

Calculation of amount of emissions
Generally, amounts of emissions can be obtained by multiplying final energy flows
with emission factors. Amounts of emissions of different energy carriers can be
aggregated and summed up.

Eem =
∑
ec∈EC

∑
i∈I

Efe,ec,i · fec,em

with
Eem total amount of emissions
Efe,ec,i final energy flow of energy carrier ec for energy service i
fec,em emission factor for energy carrier ec
I set of considered energy services
EC set of considered energy carriers

Table 9.15 displays relevant CO2 emission factors for Germany in g/kWh in 2005
according to Gemis (2013).
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Energy carrier Direct Indirect
factor factor

Oil
Light oil < 10 mg S/kg 265,64 39,63
Light oil > 10 mg S/kg 265,64 39,63
Heavy oil 283,42 35,38

Gas
Domestic gas, grid-bound 199,36 18,21
Domestic gas, gas tank 199,27 18,21
LPG 227,67 27,13

Coal
Hard coal 333,93 11,99
Lignite 351,07 69,49

Biomass

Wood chips, 30% moisture 168,90 17,52
Pellets 358,45 9,06
Biowaste 358,19 4,21
Energy crop 533,80 39,78
Biogas 302,44 39,78

Direct thermal
Heat/district heat — 199,98
Cold/district cold — —

Electricity
Electricity — 568,05
’Green’ electricity (measured in 2010) — 51,25

Table 9.15: Direct and indirect CO2 emission factors for Germany measured in
g/kWh in 2005, Source:Gemis (2013).

9.4.2.2.1 Average annual emission savings

Average annual emission savings are relevant when evaluating the environmental
benefits of energy efficiency and renewable energy measures. Generally, when
savings are calculated a reference case for the comparison of alternatives must be
defined. More information and details about reference cases can be found in section
9.1.3.

Basically, the following subtraction must be performed for calculating average an-
nual emission savings:

emsavings = Emref − Emreal

with
emsavings average annual emission savings
Emreal amount of emissions of the planned or already implemented alternative
Emref amount of emissions of the reference case.

9.4.2.2.2 Total emission savings

Sometimes instead of average annual emission savings total emission savings are
needed. Total emission savings are the sum of annual savings over the reference
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study period. Generally, there are two possibilities of calculating total savings -
statically or dynamically. Like for economic considerations it is also imaginable to
discount emission savings. However, in CONCERTO the static approach is chosen:

emtotal = (Emref − Emreal) · T

with
emtotal total emission savings
Emreal amount of emissions of the planned or already implemented alternative
Emref amount of emission of the reference case
T reference study period.

Remark: More information and details about reference study periods can be found
in chapter 7.

9.4.2.3 End of life emission input

Generally, when calculating the end of life emission input CO2,e emissions are con-
sidered. The approach is analogous to the calculation of end of life energy input.
Accordingly, the following items must be regarded:

• emission input for the disassembly of the components
• emission input for the transportation from the place of destination to the dis-
posal ground or a recycling facility
• emission input for the disposal or recycling of the components

Normally, only rough reference values can be considered for the emission input for
the disassembly of the technology.

The emission input for the transportation from the place of destination to the dis-
posal ground or recycling facility must be calculated individually depending on the
distance and the type of transportation.

The emission input for the disposal or recycling of the components can also be found
in special databases, like the German Ökobau.dat (Bundesministerium für Verkehr,
Bau und Stadtentwicklung - Ökobau.dat (2011)).

The total end of life emission input can be calculated

Emei,total =
∑
i∈I

(Emed,i + Emet,i + Emedi,i)

with
Emei,total total end of life emission input for all components in consideration
Emed,i end of life emission input for disassembly of component i
Emet,i end of life emission input for transportation of component i
Emedi,i end of life emission input for disposal of component i
I set of all components in consideration
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Chapter 10

Modules for large-scale
community energy supply
systems

In this chapter the input parameters are described in more detail using modules.
Those modules characterize the efforts and benefits needed to calculate and in-
terpret the performance indicators. The description of the efforts and benefits is
influenced by the selected system boundaries, which generally are chosen with
respect to the perspective of the stakeholder.
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10.1 Investment and grants

Investments are the main category of one-time payments of energy supply units.
The investment is defined as cumulated payments until the initial operation of the
energy supply unit. For comparability purposes, it is of major importance that all
components which are included in the investment are considered.

Information about financial support, in particular investment-related grants should
be labeled separately. Furthermore, it is of importance to specify whether moni-
tored data, especially investment data, are planned or invoiced data.
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10.2 Primary Energy Requirement (PER)

The Primary Energy Requirement (PER) is defined as the total amount of energy
used as input for an energy conversion unit in a given year. The upstream energy
chain from the extraction, the transportation and the conversion of the primary en-
ergy carrier is hereby taken into account. Thus, important factors influencing the
PER are the Primary Energy Factor (PEF) and the Efficiency (η) of the conversion
process of the considered energy supply unit and the reference plant.

In the following table the input parameters are defined:

Term Symbol Unit
input energy
flow in year t

energy carrier EC in energy
supply system s

INEC,s,t [kWh/a]

output energy
flow in year t

heat from energy supply sys-
tem s diminished by grid losses

OUTth,s,t [kWhth/a]

electricity from energy supply
system s

OUTel,s,t [kWhel/a]

heat from reference supply
system (gas boiler)

OUTth,ref,t [kWhth/a]

electricity sourced from na-
tional electricity mix

OUTel,ref,t [kWhel/a]

primary energy
factor

energy carrier EC for energy
supply unit s

PEFEC,s [kWhprim/
kWhfin]

gas-fired for reference energy
supply unit

PEFgas,ref [kWhprim/
kWhfin]

electricity for reference energy
supply unit in year t

PEFel,ref,t [kWhprim/
kWhfin]

efficiency of
energy
conversion

heat conversion in energy sup-
ply unit s

ηth,s [%]

electricity conversion in energy
supply unit s

ηel,s [%]

heat conversion in the refer-
ence energy supply unit s

ηth,ref [%]

Calculation rule

Primary energy requirement for an energy supply unit

PERs,t =
∑
EC

INEC,s,t ∗ PEFEC,s

with:

Case 1: For s ∈ {wind, solar, hydro, geothermal}
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INEC,s,t = OUTel,s,t ∗
1

ηel,s
with ηel,s = 100%

Case 2: For s ∈ {biomass, biogas}

INEC,s,t = OUTth,s,t ∗
1

ηth,s
with ηth,s < 100%

Primary energy requirement for a reference supply unit:

PERref,t =OUTth,ref,t ∗
1

ηth,ref
∗ PEFgas,ref

+OUTel,ref,t ∗ PEFel,ref,t

For the calculation of the Improvement of Specific Primary Energy Requirement,
which is defined in susubsection 8.2.3.3, the amounts of energy of the reference
facility have to correspond to the considered facility. These constraints are defined
in the subsequent equations.

OUTth,s,t = OUTth,ref,t ∀t = {1, ...T}

OUTel,s,t = OUTel,ref,t ∀t = {1, ...T}

Numeric example
A CHP unit produces 6,000 MWh of heat and 3,000 MWh of electricity annually
(grid losses for heat and power distribution are neglected). To achieve a compara-
ble basis these outputs of the centralized system are set equal to the outputs of a
reference unit on an annual basis, i.e. heat production by a decentralized gas boiler
and electricity sourcing from the electricity grid is considered as reference situation.
Next, the necessary input energy flows of both systems have to be calculated. For
the CHP unit 10,000 MWh of natural gas are measured as input which corresponds
to 200,000 MWh over a lifetime of 20 years. For the reference system the input
of natural gas is determined by dividing the heat output by the heat conversion
efficiency which gives 6,000 MWh x 1/0.85 = 7059 MWh which corresponds to a
necessary input of natural gas in the amount of 141,176 MWh over a lifetime of 20
years. Electricity sourced from the grid sums up to 60,000 MWh over the lifetime.
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With the required energy inputs of the two systems determined one can calcu-
late the associated primary energy requirement. Therefore, primary energy factors
have to be assigned to the energy input flows. For the CHP unit the accumulated
200,000 MWh of natural gas are multiplied by the primary energy factor of gas (1.1
kWhprimary/kWhfinal) which gives 220,000 MWh of primary energy requirement. For
the reference system the accumulated input of 141,176 MWh of natural gas results
in 141,176 MWh x 1.1 = 155,294 MWh of primary energy requirement related to
the heat production. For electricity the primary energy factor is assumed to decline
by 1.5% annually starting from 2.27 in the first year declining to 1.70 after 20
years. Consequently, the associated primary energy requirement equals to 3,000
MWh x 2.27 = 6,810 MWh in the first year ending at 5,110 MWh in the last year.
Accumulated, the primary energy requirement for the electricity production of the
reference unit amounts to 118,432 MWh. This results in a total primary energy
requirement of 262,994 MWh for the reference system.

Energy carrier CHP Reference
Heat

220,000 MWh
155,294 MWh

Electricity 118,432 MWh
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10.3 Exergy factor

In case of polygeneration the raw energy used as input has to be allocated to the
different outputs. There are various methods of allocating costs to outputs of poly-
generation. These include the energy method, electricity reduction method, exergy
method, exergy loss method, and remainder value method for primary energy (cf.
VDI 4660-2). Here, for consistency, the exergy-based approach is used. This
method only considers that part of energy, that can be converted into mechanical
work. If e.g. a CHP plant produces heat and power, the exergy of one kWh electric-
ity is higher than the exergy of the same amount of thermal energy. Therefore the
major part of the input can be assigned to the generated electricity and the smaller
portion to the generated heat. This approach therefore considers how useful the
forms of energy are for the final consumer.

The exergy factors are calculated as follows:

EXs,EC=HEAT,t = 1− Tambient
THEAT

EXs,EC=COLD,t = 1− TCOLD
Tenvironment

EXs,EC=ELEC,t = 1 EXs,EC=losses,t = 0

with:

Term Symbol Unit
exergy factor for the output of energy car-
rier EC from an energy supply unit s

EXs,EC,t kWh/kWh

annual average ambient temperature Tambient K
annual average temperature of the output
heat

THEAT K

annual average temperature of the output
cold

TCOLD K

Numeric example
In order to determine the exergy factor, the input parameter Tambient of 10◦C and
the heat output temperature of 90◦C are given. With regard to the absolute zero of
-273,15 ◦C, the exergy factor is 0.22.

EXs,EC=HEAT,t = 1− 10+273.15
90+273.15 = 0.22
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10.4 Air pollutants

Air Pollutants include all emissions that are associated with the fuel input for an
energy conversion unit in a given year. In this context mainly CO2, NOx and SO2

emissions, as well as particulate matter are considered. The upstream emission
chain from the extraction to the transportation to the conversion plant is hereby
taken into account. Thus, important factors influencing the air pollutants are the
direct and indirect emission factors and the efficiency of the conversion process of
the considered energy supply unit and the reference plant. The emission factors
refer to the lower heating value in case of energy carriers for combustion use (gas,
oil, biomass, etc.) and to electric energy in case of renewable energy power plants
and the national electricity mix.

In the following table the input parameters are defined:

Term Symbol Unit
input energy flow of energy carrier EC in energy
supply system s in year t

INEC,s,t [kWh/a]

emissions of material M by energy supply unit s in
year t

EMM,s,t [t/a]

direct emission factor of material M for energy car-
rier EC and energy supply unit s

EFEC,M,direct,s [t/GWh]

indirect emission factor of material M for energy
carrier EC and energy supply unit s

EFEC,M,indirect,s [t/GWh]

direct emission factor of material M for natural gas
and reference energy supply unit ref

EFgas,M,direct,ref [t/GWh]

indirect emission factor of material M for natural
gas and reference energy supply unit ref

EFgas,M,indirect,ref [t/GWh]

emission factor of material M for electricity and
reference energy supply unit ref in year t

EFel,M,ref,t [t/GWh]

Calculation rule

Air pollutants of material M for an energy supply unit

EMM,s,t =
∑
EC

INEC,s,t ∗ (EFEC,M,direct,s + EFEC,M,indirect,s)

Air pollutants of material M for a reference energy supply unit

EMM,ref,t = OUTth,ref,t ∗
1

ηth,ref
∗ (EFgas,M,direct,ref + EFgas,M,indirect,ref )

+OUTel,ref,t ∗ EFel,M,ref,t
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with:

M = {CO2, SO2, NOx, PM2.5, PM10}

For the calculation of the Improvement of Air Pollutants, which is defined in Section
8.2.3.4, the amounts of energy of the reference facility have to correspond to the
considered facility. These constraints are defined in the subsequent equations.

OUTth,s,t = OUTth,ref,t ∀t = {1, ...T}

OUTel,s,t = OUTel,ref,t ∀t = {1, ...T}

Numeric example
A CHP unit produces 6,000 MWh of heat and 3,000 MWh of electricity annually (grid
losses for heat and power distribution are neglected). To achieve a comparable
basis these outputs of the centralized system are set equal to the outputs of a
reference unit on an annual basis, i.e. heat production by a decentralized gas boiler
and electricity sourcing from the electricity grid is considered as reference situation.
Next, the necessary input energy flows of both systems have to be calculated. For
the CHP unit 10,000 MWh of natural gas are measured as input which corresponds
to 200,000 MWh over a lifetime of 20 years. For the reference system the input
of natural gas is determined by dividing the heat output by the heat conversion
efficiency which gives 6,000 MWh x 1/0.85 = 7059 MWh which corresponds to a
necessary input of natural gas in the amount of 141,176 MWh over a lifetime of 20
years. Electricity sourced from the grid sums up to 60,000 MWh over the lifetime.
With the required energy inputs of the two systems determined one can calculate
the associated CO2 emissions. Therefore, direct and indirect emission factors of CO2

have to be assigned to the energy input flows. For the CHP unit the accumulated
200,000 MWh of natural gas are multiplied by the direct and indirect CO2 emission
factor of gas (198.55 t/GWh LHV and 18.40 t/GWh LHV) which gives 43,388 t of
CO2 emission. For the reference system the accumulated input of 141,176 MWh of
natural gas results in 141,176 MWh x 1/1,000 x (198.55 t/GWh LHV + 18.40 t/GWh
LHV) = 30,627 t of CO2 emission related to the heat production. For electricity the
CO2 emission factor is assumed to decline by 3.0% annually starting from 540.40
t/GWh electricity in the first year declining to 303.13 t/GWh electricity after 20
years. Consequently, the associated CO2 emission equals to 3,000 MWh x 1/1,000
x 540.40 t/TJ electricity = 1,622 t in the first year ending at 909 t in the last
year. Accumulated, the CO2 emission for the electricity production of the reference
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unit amounts to 24,668 t. This results in a total CO2 emission of 55,294 t for the
reference system.
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Chapter 11

Types of charts

Generally, a chart can be characterized as a graphical representation of data. Charts
are often used to facilitate the understanding of large amounts of data and to
display relationships within the data. They are widely applied since interpretations
of charted data is often easier than the raw material lying behind.

When using charts it should be considered that certain types of charts are more
useful for presenting a given data set than others. In the following frequently
displayed types of charts are briefly described.

Bar chart
A bar chart is a chart using bars to display values. The lengths of the bars are
proportional to the values that they represent. Generally, the bars can be plotted
vertically or horizontally. Bar charts are applied for displaying values of discrete
attributes. The bars of a bar chart may be arranged in any order. For example,
they can be clustered in groups of more than one bar (grouped bar graphs) or
arranged from highest to lowest value (pareto chart). Furthermore, bars can be
subdivided into subparts to show cumulative effects (stacked bar graphs). In this
case the height of the resulting bar shows the combined total value whereas each
height of a subpart characterizes the value of the respective effect.

Figure 11.1 gives an example for a bar chart. The chart shows fossil primary
energy demand (calculated) reductions for space heating based on CONCERTO data
available in October 2013.
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Figure 11.1: Bar Chart - Fossil primary energy demand (calculated) for space heat-
ing, before vs after CONCERTO, for refurbishments; Source: own illustration using
CONCERTO data.

Pie charts
A pie chart is a chart using slices to display percentages. The size of the slices illus-
trates the numerical proportions. Generally, the size of the total pie can represent
the absolute value when proportions of different absolute values shall be compared
and the absolute values are also of interest.

A problem when using pie charts is the fact that when slices become too small,
pie charts have to rely on colors, textures or arrows so the reader can understand
them. Furthermore, it is often criticized that it is difficult to compare different
sections of a pie chart or to compare proportions across different pie charts.

Figure 11.2 gives an example for a pie chart. The chart shows installed capacity of
renewable energy technologies based on CONCERTO data available in June 2013.
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Figure 11.2: Pie Chart - installed capacity of renewable energy technologies based
on data available in June 2013; Source: own illustration using CONCERTO data.

Line chart
A line chart is a chart displaying information as a series of data points that are
interlinked by segments of straight lines. It is similar to a scatter plot but in a line
chart the data points are ordered (typically by their x-axis value) and connected by
straight line segments. Especially trends in data over time intervals so called time
series can be visualized by line charts.

Line charts can contain more than one line so that comparisons of time series can
be easily conducted.

Figure 11.3 gives an example for a line chart displaying three lines and using two
vertical axis. The chart shows performance indicators of small scale PV systems in
CONCERTO based on data available in June 2013.
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Figure 11.3: Line Chart - performance indicators of small scale PV systems in
CONCERTO based on data available in September 2013; Source: own illustration
using CONCERTO data.

Radar chart
A radar chart is a chart that can be used to display multiple, equivalent categories
of data in one chart. For each category there is an axis. Each axis has the same
orientation, either the best values lie in the center of the chart or at the outer end of
the axis. The axis are circularly arranged and uniformly distributed in 360 degrees.
The values of each category are interlinked with lines. Sometimes the enclosed
area is colored. Generally, it is possible to include more than one data set in the
radar chart.

The optimal number of axis is between 5 and 7. If there are more than 10 axis the
chart gets confusing, if there are less than 4 axis the distance between the axis is
too large so that the quantitative perception worsens.

In a radar chart comparisons of single criteria are possible but multi-dimensional
sets cannot be compared easily. An exception are sets that are better/worse (in
comparison with another set) for each criterion in the set. They are pareto-optimal.

Figure 11.4 gives an example for a radar chart. The chart shows grants, fossil pri-
mary energy demand reduction per grant, primary energy demand, non-renewable,
final energy demand, CO2 emissions (demand-based) based on data available in
June 2013.
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Figure 11.4: Radar chart - showing grants, fossil primary energy demand reduc-
tion per grant, primary energy demand, non-renewable, final energy demand, CO2
emissions (demand-based) based on data available in June 2013; Source: own
illustration using CONCERTO data.

Scatter plot
A scatter plot is a chart that can be used to display values for two different variables.
It is a type of mathematical diagram using Cartesian coordinates. The data is
displayed as a collection of points, each having the value of one variable determining
the position on the horizontal axis and the value of the other variable determining
the position on the vertical axis.

A scatter plot can suggest various kinds of correlations between variables with a
certain confidence interval. Correlations may be positive (rising), negative (falling),
or null (uncorrelated). If the pattern of dots slopes from lower left to upper right, it
suggests a positive correlation between the variables being studied. If the pattern
of dots slopes from upper left to lower right, it suggests a negative correlation.
A line of best fit (alternatively called ’trend line’) can be drawn in order to study
the correlation between the variables. An equation for the correlation between
the variables can be determined by established best-fit procedures. For a linear
correlation, the best-fit procedure is known as linear regression and is guaranteed
to generate a correct solution in a finite time. No universal best-fit procedure is
guaranteed to generate a correct solution for arbitrary relationships. A scatter plot
is also very useful when we wish to see how two comparable data sets agree with
each other. In this case, an identity line, i.e., a y=x line, or an 1:1 line, is often
drawn as a reference. The more the two data sets agree, the more the scatters tend
to concentrate in the vicinity of the identity line; if the two data sets are numerically
identical, the scatters fall on the identity line exactly.

Figure 11.5 gives an example for a scatter plot. The chart shows specific yield of
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small PV over average solar radiation based on CONCERTO data available in June
2013.

Figure 11.5: Scatter plot - specific yield of small PV over average solar radiation
based on data available in June 2013; Source: own illustration using CONCERTO
data.

Box plot
In descriptive statistics, a box plot is a convenient way of graphically describing the
distribution of a set of data. The following location and dispersion parameters are
used to draw a box plot:
• Lower quartile: refers to the variable value that is not exceeded by at least
25% of the collected variable values. The lower quartile is displayed in a box
plot as beginning of the box.
• Median: refers to the variable value that is is not exceeded by 50% of the
collected variable values. The median is displayed in a box plot as horizontal
line within the box. If the median lies in the middle of the box the distribution
is symmetrical otherwise asymmetrical. Sometimes the mean values is also
included in the box plot.
• Upper quartile: refers to the variable value that is not exceeded by at least
75% of the collected variable values. The upper quartile is displayed in a box
plot as end of the box.
• Interquartile range: refers to the length of the value range between the lower
and the upper quartile which includes the middle 50% of all collected data.The
interquartile range is displayed in a box plot as length of the box.
• Whisker: With the whiskers values that lie outside of the box are displayed.
Unfortunately, there is no consistent definition for whiskers. The lower/upper
end of the whiskers often refers to the variable value which maximally deviates
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by a factor of 1.5 times interquartile range from the lower/upper quartile.
Sometimes e.g. the 10% and 90% quantile of the distribution is used as the
end of the whisker. The variable values that outlie the whiskers are referred
to as outliers.
• Maximum: refers to the maximum value of the data set. If there are no
outliers the maximum corresponds to the end of the upper whisker.
• Minimum: refers to the minimum value of the data set. If there are no outliers
the minimum corresponds to the end of the lower whisker.

Figure 11.6 illustrates the schematic display of a box plot.

Figure 11.6: Schematic display of a box plot; Source: own illustration according to
Kohn and Öztürk (2010), S. 47-49; Steland (2010), S. 36-40; Janssen and Laatz
(2007), S. 244, 663-664.

Figure 11.7 gives an example for a box plot. The chart shows construction costs of
new residential buildings with gross floor area > 180mm2 based on data available
in October 2013.
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Figure 11.7: Box plot - Construction costs of new residential buildings with gross
floor area > 180m2 based on data available in October 2013; Source: own illustra-
tion using CONCERTO data.
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