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About the project  
 
The EERAdata project will develop and 
test a decision-support tool to help local 
administrations in the collection and 
processing of their building and 
demographic data towards an 
assessment and prioritisation of Energy 
Efficiency measures in planning, 
renovating, and constructing buildings.  
 
While EU policy assigns a primary role to 
Energy Efficiency (EE), the lack of a 
holistic understanding of the impact of EE investments has hindered its integration in 
the policy-making process. Coordination between demand and supply side of energy 
policy is not targeted, and there is need to gather the evidence on the benefits of EE 
in ecological and socio-economic terms as well as on its interactions with the broader 
policy context and energy market.  
 
Project’s goals 
 
The project aims to develop: 
 

• Guidelines and roadmaps for the advancement of the clean energy transition  
 

• Joint thematic studies and analyses reports on territorial needs and 
decarbonisation pathways 

 

• A fully developed and tested decision-support tool to help local administrations in 
the collection and processing of their building and demographic data towards an 
assessment and prioritization of EE measures in planning, renovating, and 
constructing buildings 
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Abstract 
 
This deliverable describes the EERAdata methodology, which is the cornerstone of the 
EERAdata decision-support tool. The methodology builds on several interfacing calculation 
modules addressing different aspects of raising the energy efficiency by upgrading buildings. 
The modules include energy demand and supply, Life Cycle Analysis, indoor environment, 
and socio-economic benefits of energy renovation.  
 
In addition to describing the general methodology, the deliverable presents the calculation 
flow and resulting outcome of using the decision support tool with a case building, a school in 
Velenje, Slovenia. 
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1 Executive summary 
 
The EERAdata methodology builds on calculation modules to evaluate the outcome 
of increasing the energy efficiency of buildings. The modules include data entry, and 
estimation of energy demand, ugrade of energy supply to sustainable options, Life 
Cycle Assessment (LCA), indoor environment, and the socio-economic benefits of 
energy renovation. The EERAdata philosophy is that quantifying and visualising the 
wider benefits of building energy efficiency upgrades may motivate decision-makers 
to prioritise and accelerate renovation efforts. 
 
Altogether, 138 parameters distributed on 15 categories are required as input to 
quantify the performance and the socio-economic consequences of renovating a 
building or set of buildings. The main categories are building-specific data and 
information on the renovation case to evaluate. The user can choose to specify 
parameter values or rely on default data saved in project databases. To quantify the 
wider benefits of building renovation, the desired renovation options first need to be 
defined. Then, the changes in energy use and/or supply and the multiple benefits of 
carrying out the renovation can be evaluated. 
 
Estimation of the energy demand are based on standard methods and uses a 
simplified heating period balance method. The yearly heating energy demand is 
calculated from transmission losses through the building envelope and through 
ventilation, and adjusted for internal and solar heat gains. U-values must be defined 
for walls, roof, and ground. The transmission areas of these elements must be defined 
for each considered building or determined from a 3D building model, if available. To 
calculate the final energy demand, auxiliary energy uses and credits and losses and 
the efficiency of the energy system installed in the building are taken into account. 
Output from the module includes primary and final energy demand as well as the 
heating load before and after renovation. 
 
Life Cycle Assessment (LCA) enables the consideration of the energy and emission 
performance of buildings over their entire life cycle. The LCA module accounts for the 
building production stage, the construction process, the use stage, the end-of-life 
stage as well as for some benefits and loads beyond the building system boundary. 
Output from the module includes embedded and operational primary energy from 
renewable and non-renewable sources and estimation of the global warming potential 
of embedded and operational emissions. 
 
The indoor environment module assesses the effects on occupant performance and 
illness absence of their indoor environment exposures. The module first calculates 
distributions of indoor temperature and CO2 concentration before and after energy 
efficiency upgrades and then uses these to evaluate the impacts on occupant 
performance and illness absence. The indoor environment module comprises several 
existing and peer-reviewed models for infiltration, one-sided natural ventilation, natural 
ventilation by cross-flow, mechanical ventilation, energy performance, and mould 
growth. The module calculates in hourly time steps the indoor temperature, air 
humidity, CO2-concentration and energy needed to heat and cool the building to 
maintain the specified temperature setpoints. As hourly time steps do not predict the 
effects on the air quality of short-term window opening, calculation of natural 
ventilation is subsequently carried out in shorter time steps, typically five minutes. 
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Output from the module is distributions of time when the temperature and CO2 
concentration during occupancy belong to standard quality categories and the socio-
economic benefit of an improved indoor environment, expressed as the Net Present 
Value of higher performance and reduced illness absence. 
 
The socio-economic module combines outputs of the other EERAdata modules. 
Derived from risk analysis models, a concept was chosen that can analyse complex 
situations with a limited amount of available data and a high amount of uncertainty. 
The approach uses Bayes’ theorem to create a Bayesian network, incorporating 
scientific sources, statistical data, expert knowledge and real data input. A significant 
benefit of this approach is transparency for decision makers and guaranteed function 
also with very low data input. The modelling comprises a complex network built by the 
applied energy efficiency measures. The impact of the energy efficiency measures is 
evaluated for emission reduction, emission cost reduction, job creation, tax returns, 
energy cost and fuel poverty. The socio-economic module is data driven, which implies 
that the main programming and calculation elements are based on statistically 
assessed datasets, creating probability distributions and combining these distributions 
into the causal network. The main quantitative outputs are the estimation of number 
of jobs that are created through the investment in energy efficiency, the income and 
trade tax returns to the municipality and for residential buildings also the assessment 
of the risk of fuel poverty for households before and after the intervention. The module 
furthermore monetizes the outputs from the energy demand and LCA modules by 
putting cost values on heating and CO2 emissions (social CO2 costs, emission trading 
costs and CO2 taxes).   
 
The energy supply module evaluates the current state and potential remediation 
measures and their impact on the energy production and delivery considering the 
supply chain of the energy resources. The module addresses major types of energy 
vectors or energy carriers delivered to the building, either from energy distribution 
networks, from fuels or as renewable energy produced on-site. Depending on their 
specific use, these sources of primary energy may undergo conversions and losses 
from their original state. The methodology differentiates between two basic levels of 
analysis through which a full fuel cycle can be represented: site energy (final energy 
demand) and source energy (primary energy supply). The supply side impact analysis 
quantifies and follows the reverse energy flow from the building towards the origin of 
a primary energy source. The models use the existing energy demand of each 
analysed building, which serves as the benchmark upon which the main outputs are 
calculated. The main outputs from the energy supply assessment are the use of 
primary energy, green-house gas emissions and the quantity of the most important 
energy resources used in the production and delivery of energy to the building. 
 
Calculations were made for a case building, a school located in Velenje, Slovenia. The 
building was considered renovated with insulation added to the envelope, new 
windows, solar shading, upgraded ventilation, heating and lighting systems and 
different options for generating renewable energy on-site and remotely. 
 
As the energy performance of the case building was relatively high even before the 
renovation, the discounted payback period that took into account only energy savings 
was extremely long and not an attractive renovation alternative. With socio-economic 
benefits and in particular the societal socio-economic benefits included, the renovation 
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changed to a highly attractive renovation option. For the case building this meant that 
the largest potential was not the energy savings per se, but the added benefit of a 
better indoor environment, job creation and reduced global warming potential. 
 
The main project performance indicator (PPI) measures the value accrued from 
energy cost reductions, socio-economic benefits from better indoor environment, and 
societal socieconomic gains against the benefits of an alternative investment in 
supply-side renovation measures. Although work is still underway to prepare the 
calculation of the PPI in the decision support tool, preliminary asssment based on 
payback periods of energy efficiency or energy supply indicated an expected value of 
the PPI around 2 for the case building. 
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List of acronyms/abbreviations 
Abbreviation Explanation 

BN  Bayesian Network 

CEER Council of European Energy Regulators 

DH District Heating 

CHP Combined Heat and Power 

DST Decision Support Tool 

EE Energy Efficiency 

EEfP Energy Efficiency first Principle 

EROI Expected Return Of Investment 

ETS Emission Trading System 

EV Expected value 

FGT Degree Day Factor(-) 

FTE Full Time Equivalent 

GEMIS Global Emissions Model of Integrated Systems 

GWP Global Warming Potential (kg CO2-eq) 

NEEFE National and European Emission Factors for Electricity 

H Heat loss (kW) 

HAWT Horizontal-axis wind turbine 

NPV Net Present Value (€) 

PEF Primary Energy Factor (-) 

PENRT Primary Energy non-renewable Resources (kWh) 

PERT Primary Energy renewable Resources (kWh) 

PT Payback time (years) 

PPI Project Performance Indicator (-) 

PPP Purchase Power Parity (-) 

PV Photo-voltaics (-) 

Q Energy demand (kWh) 

q Specific energy transmittance, loss (kW) 

RDF Refuse Derived Fuel 

RM Renovation Measure 

VAWT Vertial-axis wind turbine 
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Nomenclature 
Term Explanation 

A Area (m2) 

d Thickness (m) 

f Primary energy factor (-) 

F Factor 

g g-factor window (-) 

H Height 

I Solar irradiance (W/m2) 

L Length (m) (Energy demand), Lifetime of building (years) (LCA) 

m Mass (kg) 

n Number of replacement cycles over building lifetime (-) (LCA) 

N Number (-) 

ppm Concentration (parts per million) 

P Power (kW) 

PM 2,5 Particulate Matter 2,5 micrometers (mg/m3) 

PM 10 Particulate Matter 10 micrometers (mg/m3) 

q Specific energy transmittance, loss (kW) 

Q Energy demand (kWh) 

t Time step (h) (energy demand), lifetime energy system (years) 
(LCA) 

V Volume (m3) 

a Heating coverage share (-) 

r Density (kg/m3) 

𝜃 Temperature (oC) 

F Heat load space heating (kW) 

h Efficiency, utilisation rate (-) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Indices 
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Index Explanation 

A,a Auxiliary/adjacent 

A1-A3 Life Cycle Stage “Production” 

B4 Life Cycle Stage “Replacement” 

B6 Life Cycle Stage “Operational Energy Use” 

build Building 

C3 Life Cycle Stage “Waste Processing” 

C4 Life Cycle Stage “Disposal” 

ce Heat transfer 

d Distribution 

DHW Domestic Hot Water 

e Final Energy, external 

g Generated 

h Heating 

HL Heating Load 

HP Heating Period 

HW Hot water 

I, int Internal 

iaBE To another building 

iaBE To another unheated room 

l Air (indoor) 

L Losses 

n Net 

N Occupied, living or useful area 

P Primary Energy 

PM 2.5 Particulate Matter 2.5 micrometers 

PM 10 Particulate Matter 10 micrometers 

P0 Standby 

s Solar, storage 

SH Space Heating 

T Transmittance 

u Useful or net energy 

v Ventilation 
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2 Introduction 
 
European buildings are large consumers of energy. A significant share of the energy 
consumption is related to the 250 million existing buildings, of which many are ageing 
and in need of energy efficiency upgrades. Currently, however, only a small 
percentage of European buildings is being renovated annually. 
 
The costs projected to incur in the renovation of buildings are routinely estimated with 
recognised methods and tools, as are the direct benefits, such as higher energy 
efficiency. Seen isolated, however, the immediate benefits may not be sufficient to 
overcome financial and economic barriers and motivate the wide-ranging 
implementation of initiatives to increase the energy efficiency of existing buildings. 
Quantifying and visualising the multiple benefits of building energy efficiency upgrades 
may motivate decision-makers to prioritise renovation efforts. 
 
This deliverable describes the finalised EERAdata methodology. The tool addresses 
the assessment of building energy efficiency and the valuation of the multiple benefits 
of energy efficiency upgrades. It is intended to be used by local city administrations, 
who, with readily available input, will be able to assess the consequences of increasing 
the energy efficiency of their buildings.  
 
The methodology of the EERAdata DST builds on several interfacing calculation 
modules. The modules include energy demand, energy supply, Life Cycle Assessment 
(LCA), indoor environment, and the socio-economic benefits of energy renovation. 
The ultimate output from the tool will be comparing the benefits of energy efficiency 
upgrades with the matching reduction of costs incurred in energy. Figure 1 illustrates 
the calculation modules and the data flow of the EERAdata Decision Support Tool 
(DST). 
 

 
Figure 1. Calculation modules of the EERAdata Decision Support Tool. 
 
In the order shown in Figure 1, the deliverable describes the intention of and the 
components making up the modules of the DST. 
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3 Data preparation 
 
Altogether, 138 parameters distributed on 15 categories are required as input to 
enable quantification of the performance of a building (or buildings) before and after 
renovation and the socio-economic consequences of upgrading its energy efficiency. 
The main categories are building-specific data and information on the renovation case 
to evaluate. The user can specify parameter values, or the user can rely on default 
data supplied by the frontrunner municipalities and collected in several project 
databases. A database containing minimum data required for the DST to run includes 
building dimension data such as volume, floor area, number of storeys, building use, 
etc. Deliverable 1.9 provides a detailed description of the EERAdata databases. 
 
Figure 2 shows the user interface where the user can specify input values for the tool 
parameters.  
 
 
 
 
 
 
A database with variables from the frontrunner  
 
If desired, the user can adapt these to case-specific values or select some of the 
variables at default values that are stored in a database suggested by the tool.  
 
The DST requires information on  
 
 
The data collection process is ongoing with the socio-economic database currently 
being developed. The database contains data required to assess the socio-economic 
impacts of energy efficiency measures and investments in buildings and compare 
them against supply-side investments. The data collected for this database includes 
demographic data for each frontrunner municipality, building occupant data, energy 
consumption data and energy cost data. 
 

Figure 2. The interface of the DST where a user can specify input values for tool 
parameters. 

 
To calculate energy performance and other benefits before and after renovation, the 
desired renovation options first need to be defined. The user can then compare 
changes in energy use in the output screen and the multiple benefits of the renovation. 
Deliverable 3.3 describes the details of the DST, including the algorithms that have 
been implemented in the online calculation tool.  
 

4 Case Study building 
 
The following building will be used throughout the deliverable by illustrating the 
calculation flow of the DST. Where data was missing, default data based on National, 
European and Scientific averages were used and are marked in green.  
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Building data 
Parameter Value for school building in Velenje 
Region (NUTS 2) Savinjska, SLO 

Building use [-] School 

Year of construction [year] 1970 

Assumed occupancy 1500 pupils, 100 teachers 

Net building area [m²] 6510 

Building Volume [m³] 18097 

Ground surface area [m²] 1302 

Building perimeter [m] 182 

Building Width [m] - 

Building Length [m] - 

Building height [m] 13.9 

Average storey height [m] 2.6 

Storey number [-] 5 

External wall surface area [m²] 2019 

Window to wall ratio [-] 0.2 

Window Width [m] 1.45 

Window Height [m] 1.15 

U values external walls [W/m2K] 0.9 

U values roof [W/m2K] 0.7 

U values base plate [W/m2K] 0.3 

U value windows [W/m2K] 1.3 

G-Value Windows [-] 0.67 

Frametype windows [-] 2 

Glazing windows [-] Double glazing 

Roof area [m²] 1309 

Roof Type [-] Flat Roof 

Heated top floor [-] No 

Heating system [-] District Heating non-renewable 

Cooling system [-] Not installed 

Ventilation system [-] User controlled window opening, single-sided natural ventilation 

Normalised leakage area [-] f 

Solar shading [-] Interior blinds 

Primary Energy Factor [-] 1.8 (District Heating non-renewable) 

Efficiency Number [-] 1.01 

Lowest Outer Temperature [°C] -21 

Average Outer Temperature [°C] 10 

Internal Temperature [°C] 20 

Construction Material External Wall Reinforced Concrete – Thickness: 0.2 m 

Construction Material Baseplate Reinforced Concrete – Thickness: 0.3 m 

Construction Material Roof Reinforced Concrete – Thickness: 0.15 m 

 

Renovation package 
In the following case study, the projected renovation measures were chosen out of the 
many options offered by the EERAdata DST to its users. Here, the package was 
intended to achieve a deep renovation with a high-quality level of indoor climate of the 
case study school building. 
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Measures to improve the envelope 

Type of measure Depth Values 

Add insulation to roof Ambitious renovation U-Value: 0,2 W/m²K 
Material: XPS 

Add insulation to exterior 
walls 

Ambitious renovation U-Value: 0,19 W/m²K 
Material: XPS 

Exchange windows nZEB renovation U-Value: 0,8 W/m²K  
g-Value: 0,4 

Add External shading 
devices 

nZEB renovation Blinds between panes 
Shading factor: 0,15 

Measures to improve the building services  

Type of measure Depth Energy efficiency 

Add ventilation and air 
conditioning system 

Quality class 2, fan efficiency 
increased 

qv = 4.2 L/(s m2  floor area), 
Temperature efficiency heat 
recovery unit = 0.75, fan 
efficiency = 0.7. 
Temperature setpoints: 
Heating: 20oC, Cooling 26oC 

Upgrade heating system Biomass (10% share of non-
renewable energy to harvest 
biomass) 

Efficiency Number: 1.52 
Primary Energy Factor: 1.4 

Upgrade water heating 
system 

Biomass (10% share of non-
renewable energy to harvest 
biomass) 

Efficiency Number: 1.52 
Primary Energy Factor: 1.4 

Upgrade lighting system LED + Lighting Controls for all 
areas 

Reduce baseline demand 
for electrical energy 10% 

Measures to improve energy supply 

Type of measure Depth Impact 

Install solar PV Energy self-sufficient building 
(nZEB) 

Electricity supply 80% from 
onsite solar 

Construct solar PV farm Very large solar farm  
(10 MW) 

Added solar capacity in 
national energy mix 

Construct wind farm Moderately sized wind farm  
(50 MW) 

Added wind capacity in 
national energy mix 

Replace fuel for heating Repurpose DH system to be 
partially supplied by renewable 
waste incineration (10%) 

Reduced impact of the DH 
system (primary energy use, 
GHG emission)  

 
 

Cost estimate of case study 
Cost estimations for the renovation measures at their considered depth were 
estimated from tabulated guideline values adopted from BKI (2019), BKI (2020) and 
Sirados (2020). The costs incurred in the renovation of the case building are shown 
below. 
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Type of 
measure 

Depth Values Area or 
energy 
demand 

Cost   
incl. labour 

Cost (€)  

Add insulation 
to roof Ambitious 

renovation 

U-Value: 0.2 
W/m²K 

1309 m2 33.7 €/m2 44,081  Material: XPS 

Add insulation 
to exterior walls Ambitious 

renovation 

U-Value: 0.19 
W/m²K 

2019 m2 43.3 €/m2 87,423 Material: XPS 

Exchange 
windows nZEB 

renovation 

U-Value: 0.8 
W/m²K  

403.8 m2 635.5 €/m2 256,615 g-Value: 0.4 

Add External 
shading 
devices 

nZEB 
renovation 

Blinds between 
panes 

    74,304 
Shading factor: 
0.15 

Add ventilation 
system with 
cooling 

 

Quality class 2 fan 
efficiency 
increased 

6510 m2 35.3  €/m2 176,282 

Upgrade 
heating system 

 Biomass (10% 
share of non-
renewable energy 
to harvest 
biomass) 137 kW 176.2 €/kW 24,139 

Upgrade water 
heating system 

 
Biomass (10% 
share of non-
renewable energy 
to harvest 
biomass) 

 
22 kW 

(included in 
heating 
system 

upgrade)   

Upgrade 
lighting system 

 LED + Lighting 
Controls for all 
areas 

 
  

Total 102 €/m2 664,020 € 

 

5 Energy demand and consumption calculation 
 

Energy Demand Space Heating 
The calculations of the energy demand consumption module are based on the German 

standard/norms DIN V 4108-6:2003-06 (DIN V 4108-6:2003-06, 2003) and DIN V 

4701-10:2003-08 (DIN V 4701-10:2003-08, 2003). For the calculation according to 

DIN 4108-6, the simplified heating period balance method is used.  

𝑄ℎ,𝑢 =  𝑄𝑙 − 𝜂𝑃 (𝑄𝑠 + 𝑄𝑖) (kWh/a) (1) 

 
In the above equation, 𝑄ℎ,𝑢 is the yearly heating energy demand (useful energy 

demand), 𝑄𝑙 are the heat losses, 𝜂𝑃 is the utilization rate, 𝑄𝑠 are the solar heat gains 
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and 𝑄𝑖 are the internal heat gains. Where, according to the standard, a value of 0.95 
can be assumed as the utilization factor 𝜂𝑃 for all calculations. 
 

Interim Results (not visible for DST-user): 

Status quo:  

𝑄ℎ,𝑢 =  568,702 −  0.95 ∗  (47,369 + 55,594) =  470,887
𝑘𝑊ℎ

𝑎
𝑜𝑟 72

𝑘𝑊ℎ

𝑚2𝑎
 

After renovation:  

𝑄ℎ,𝑢 =  352,982 −  0.95 ∗  (28,280 + 55,594) = 273,302
𝑘𝑊ℎ

𝑎
𝑜𝑟 42 

𝑘𝑊ℎ

𝑚2𝑎
 

 

The heat losses 𝑄𝑙 are calculated according to equation (2) as the sum of the specific 

transmission heat losses 𝐻𝑇 and ventilation heat losses 𝐻𝑉 through the building 

envelope. The sum of these is then multiplied by the degree day factor 𝐹𝐺𝑇, which is 

the measure of ice melting per positive degree day. 

𝑄𝑙 =  𝐹𝐺𝑇  (𝐻𝑇 + 𝐻𝑉) (kWh/a) (2) 

Interim Results (not visible for DST-user): 

Status quo:  

𝑄𝑙 = 86.6 ∗ (3,129 +  3,438) = 568,702
𝑘𝑊ℎ

𝑎
 

After renovation:  

𝑄𝑙 = 86.6 ∗ (1,126 +  2,950) = 352,982
𝑘𝑊ℎ

𝑎
 

For the calculation of heat losses 𝑄𝑙, first the sum of all specific transmission heat 

losses through the individual building components (wall, floor and roof surfaces) to the 

outside and to heated and unheated neighbouring rooms 𝐻𝑇 is calculated. In a second 

step, ventilation heat losses 𝐻𝑉 are calculated. 

𝐻𝑇 =  ∑(𝐹𝑥𝑖 ∗  𝑈𝑖  ∗  𝐴𝑖) +  ∆𝑈𝐻𝐵  (W/K) (3) 

Interim Results (not visible for DST-user): 

Status quo:  

𝐻𝑇(𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑊𝑎𝑙𝑙) = (1.0 ∗  0.9 ∗  1615𝐴𝑟𝑒𝑎 𝑤.𝑜.𝑤𝑖𝑛𝑑𝑜𝑤𝑠) +  0.05 =  1,454
𝑊

𝐾
 

𝐻𝑇(𝐵𝑎𝑠𝑒𝑝𝑙𝑎𝑡𝑒) = (0.6 ∗  0.3 ∗  1302) +  0.05 =  234
𝑊

𝐾
 

𝐻𝑇(𝑊𝑖𝑛𝑑𝑜𝑤𝑠) = (1.0 ∗  1.3 ∗  404) +  0.05 =  525
𝑊

𝐾
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𝐻𝑇(𝑅𝑜𝑜𝑓) = (1.0 ∗  0.7 ∗  1309) +  0.05 =  916
𝑊

𝐾
 

∑ 𝐻𝑇 = 3,129
𝑊

𝐾
  

After renovation:  

𝐻𝑇(𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑊𝑎𝑙𝑙) = (1.0 ∗  0.19 ∗  1615𝐴𝑟𝑒𝑎 𝑤.𝑜.𝑤𝑖𝑛𝑑𝑜𝑤𝑠) +  0.05 =  307
𝑊

𝐾
 

𝐻𝑇(𝐵𝑎𝑠𝑒𝑝𝑙𝑎𝑡𝑒) = (0.6 ∗  0.9 ∗  1302) +  0.05 =  234
𝑊

𝐾
 

𝐻𝑇(𝑊𝑖𝑛𝑑𝑜𝑤𝑠) = (1.0 ∗  0.8 ∗  404) +  0.05 =  323
𝑊

𝐾
 

𝐻𝑇(𝑅𝑜𝑜𝑓) = (1.0 ∗  0.2 ∗  1309) +  0.05 =  262
𝑊

𝐾
 

∑ 𝐻𝑇  =  1,126
𝑊

𝐾
 

The specific temperature correction factor 𝐹𝑥𝑖 to be used for the calculation of 𝐻𝑇 can 

be obtained from D3.3 (EERAdata Methodology). The specific U-values 𝑈𝑖  have to be 

defined for each building component (walls, roof, ground) for every calculation to be 

conducted. The area 𝐴𝑖 of all building parts must also be defined for each considered 

building or be calculated from a 3D building model, if available. The thermal bridge 

surcharge ∆𝑈𝐻𝐵 is set to a fixed value of 0.05 W/m2K according to the standard.  

𝐻𝑉 = 0.19 𝑜𝑟 0.163 ∗  𝑉𝑒  (W/K) (4) 

Interim Results (not visible for DST-user): 

Status quo:  

𝐻𝑉 = 0.19 ∗ 18097 = 3,438 W/K 

After renovation:  

𝐻𝑉 = 0.163 ∗  18097 = 2,950
𝑊

𝐾
 

 
The ventilation heat losses 𝐻𝑉 can be calculated according to the equation above, with 
or without an airtightness test. An airtightness test is done to reduce heat loss through 
air leakage. The enclosed volume of the building 𝑉𝑒 is multiplied by a fixed value of 
0.19 (without airtightness test) or 0.163 (with airtightness test). For the calculation of 
the status quo of existing buildings (before renovation) the value of 0.19 is used. For 
the renovation scenarios, the value 0.163 (with ventilation tightness test) is used for 
the calculations. 
 

𝑄𝑆 =  ∑(𝐼𝑠𝑡)𝑗,𝐻𝑃 ∑ 567  ∗  𝑔𝑖 ∗  𝐴𝑖  (kWh/a) (5) 
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Interim Results (not visible for DST-user): 

Status quo:  

𝑄𝑆 =  175 ∗  0.67 ∗  404 = 47,369 kWh/a 

After renovation:  

𝑄𝑆 =  175 ∗  0.4 ∗  404 =  28,280 kWh/a 

 

The solar heat gains 𝑄𝑆 depend significantly on the solar irradiance (measured energy 

from the sun), ∑(𝐼𝑠𝑡)𝑗,𝐻𝑃, the specific energy transmittance of the windows 𝑔𝑖, and the 

specific window area 𝐴𝑖. The orientation of the windows must not be defined, an 

average value is calculated from the irradiance values already mentioned, Firradiance: 

175 kWh/m2 on the window surface area per HP and used for the calculation. Also, 

the specific energy transmittance of the window, 𝑔𝑖, must be defined before 

calculation.  

𝑄𝑖 = 22 ∗ 𝐴𝑁  (kWh/a) (6) 

Interim Results (not visible for DST-user): 

Status quo: 

𝑄𝑖 =  22 ∗  2,527 = 55,594 kWh/a 

After renovation:  

𝑄𝑖 =  22 ∗  2,527 =  55,594 kWh/a 

 

The internal heat gains are simply calculated according to the above formulas. To 

calculate the internal heat gain, 𝑄𝑖, the living area 𝐴𝑁 is thereby multiplied by a 

predefined factor of 22, defined by the standard. 

 

To calculate the final energy demand, 𝑄ℎ,𝑒, auxiliary energies and credits and losses 

and the efficiency of the energy system installed in the building must be taken into 

account. For this purpose, the absolute useful energy demand is divided by the living 

space of the building, from which the specific useful energy demand 𝑞ℎ,𝑛 is derived. 

Specific credits and losses are added to 𝑞ℎ,𝑛 in further steps and result in the specific 

final energy demand 𝑞ℎ,𝑒 (see following formula): 

𝑞ℎ,𝑒 =  (𝑞ℎ,𝑛 − 𝑞ℎ,𝐻𝑊 −  𝑞ℎ,𝐿 +  𝑞𝑐𝑒 +  𝑞𝑑 + 𝑞𝑠) ∗ (𝑒𝑔 ∗  𝛼𝑔)  (kWh/m2*a) (7) 

Results (Visible for DST-user): 

Status quo:  

𝑞ℎ,𝑒 = (72 – 0 – 0 + 1.61 + 2.06 + 0.08) * (1.01 * 1) = 77 kWh/m2a 

After renovation:  
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𝑞ℎ,𝑒 = (42 −  0 −  0 + 1.61 + 2.06 + 0.08) * (1.52 * 1) = 70 kWh/m2a 

The heat credit of the domestic hot water 𝑞ℎ,𝐻𝑊 is assumed to be 0 kWh/m2*a. The 

ventilation heating credit 𝑞ℎ,𝐿 is also set to 0 kWh/m2*a, since no ventilation system is 

included within the method and the energy demand calculation. Heat losses during 

the transfer of heat to the space 𝑞𝑐𝑒 are assumed to have a fixed value of 1.61 

kWh/m2*a. For heat losses during distribution, 𝑞𝑑, again due to missing information, 

area-related average values are used. Average values are also used for heat losses 

during storage, 𝑞𝑠. The heat generator expenditure figure 𝑒𝑔 is listed, according to the 

energy system. The percentage information on the energy systems is multiplied by the 

respective heat generator expenditure figure, 𝑒𝑔. The heating coverage share, 𝛼𝑔 , is 

set to a fixed value of 1.0 for all calculations. 

𝑞ℎ,𝑝 = 𝑞ℎ,𝑒 ∗  𝑓𝑃  (kWh/a) (8) 

Interim Results (not visible for DST-user): 

Status quo:  

𝑞ℎ,𝑝 = 77 ∗ 1.8 = 139 kWh/m2a 

After renovation:  

𝑞ℎ,𝑝 = 70 ∗ 1.4 = 98 kWh/m2a 

 

Multiplying the specific final energy demand 𝑞ℎ,𝑒 with the primary energy factor 𝑓𝑃 

results in the specific primary energy demand 𝑞ℎ,𝑝. In addition to the energy demand 

for heating the associated auxiliary energy demand 𝑞𝑎,𝑒 must be added.  

𝑞𝑎,𝑒 =  𝑞𝑐𝑒,ℎ −  𝑞𝑑,ℎ −  𝑞𝑠,ℎ + (𝑞𝑔,ℎ  ∗  𝛼𝑔)   (kWh/m2*a) (9) 

Interim Results (not visible for DST-user): 

Status quo:  

𝑞ℎ,𝑝 = 0 − 0.07 − 0.006 + (0.4 ∗ 1) = 0.324 kWh/m2a 

After renovation:  

𝑞ℎ,𝑝 = 0 − 0.07 − 0.00 + (0.069 ∗ 1) = -0.007 kWh/m2a 

 

The auxiliary energy demand for the transfer of heat to the room 𝑞𝑐𝑒,ℎ is defined with 

a fixed value of 0 kWh/m2*a. This is the case since it is assumed that no additional 

ventilation (e.g., air circulation fans) is used for heat transfer to the room. The auxiliary 

energy demand for heat distribution 𝑞𝑑,ℎ result from area-related average values. Also, 

the auxiliary energy demand for heat storage 𝑞𝑠,ℎ results from area-related average 

value. The auxiliary energy demand for heating generation 𝑞𝑔,ℎ is determined, like the 

heat generator expenditure figure, 𝑒𝑔, based on the energy system. The heating 

coverage share 𝛼𝑔 is here also set to a fixed value of 1.0 for all calculations. 
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By multiplying the auxiliary energy demand 𝑞𝑎,𝑒 with the primary energy factor 𝑓𝑃 the 

specific primary auxiliary energy demand is the resulting 𝑞𝑎,𝑝. 

 

𝑄𝑝 =  (𝑞ℎ,𝑝 +  𝑞𝑎,𝑒)  ∗  𝐴𝑁   (kWh/m2*a) (3) 

Results (Visible for DST-user): 

Status quo:  

𝑞𝑝 = (139 + 0.324) = 139 kWh/m2a 

𝑄𝑝 = 139 ∗ 6510 = 904,890 kWh/a 

After renovation:  

𝑞𝑃 = (98 − 0.007) = 98 kWh/m2a 

𝑄𝑝 = 98 ∗ 6510 = 637,980 kWh/a 

 

Summing up the specific primary auxiliary energy demand 𝑞𝑎,𝑝 with the specific 

primary energy demand for heating 𝑞ℎ,𝑝 and multiplying the sum with the living area 

results in the absolute primary energy demand for heating. This stands for the energy 

consumption of the use stage for heating (energy consumption during operation) of 

the building’s life cycle (see Figure 3. of LCA-stages in section 2.3 – “Life Cycle 

Assessment Module”). These values are also used for calculating the emissions 

resulting from this energy demand. 

 

Energy Demand Domestic Hot Water 
The useful energy demand for domestic hot water (DHW) 𝑞𝐻𝑊,𝑢 is assumed to be 12.5 

kWh/m2*a, according to standards. Also, for the energy demand of DHW auxiliary 

energies and credits and losses must be added. In the next step the final energy 

demand for DHW 𝑞𝐻𝑊,𝑒 is calculated according to the following formula: 

𝑞𝐻𝑊,𝑒 =  (𝑞𝐻𝑊,𝑢 +  𝑞𝐻𝑊,𝑐𝑒 +  𝑞𝐻𝑊,𝑑 + 𝑞𝐻𝑊,𝑠) ∗  (𝑒𝐻𝑊,𝑔  ∗  𝛼𝐻𝑊,𝑔)  (kWh/m2*a) (4) 

Results (Visible for DST-user): 

Status quo:  

𝑞𝐻𝑊,𝑒 = (12.5 + 0 + 6.45 + 1.92) ∗ (1.01 ∗ 1)= 21 kWh/𝑚2a or 53,067 kWh/a 

After renovation:  

𝑞𝐻𝑊,𝑒 = (12.5 + 0 + 6.45 + 1.92) ∗ (1.52 ∗ 1) =  32 kWh/𝑚2a or 80,864 kWh/a 

According to DIN 4701-10, the heat losses during the transfer of DHW 𝑞𝐻𝑊,𝑐𝑒 are set 

to 0 kWh/m2*a, since the losses up to the taps are offset and the heat lost at the taps 

is attributed to the user, or to the room heat. For the area-related heat loss of the 
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distribution for DHW and circulation pipes 𝑞𝐻𝑊,𝑑 it is assumed that the circulation pipes 

are located outside the thermal envelope of the building, i.e., they represent heat 

losses. For the heat losses, average values are formed. The area heat loss of storage 

of the DHW 𝑞𝐻𝑊,𝑠 are also average values per square meter living area (see 

Deliverable D3.3). It is assumed that the storage is located outside the thermal 

envelope, e.g., in the unheated basement, and thus no heating credits result. The 

determination of the heat generator effort figure 𝑒𝐻𝑊,𝑔 is based on the energy systems 

for hot water supply and refer to the heat generator effort figures for space heating. 

The heating coverage share 𝛼𝑔 is again set to 1.0.  

𝑞𝐻𝑊𝑎,𝑒 =  𝑞𝐻𝑊𝑎,𝑐𝑒 +  𝑞𝐻𝑊𝑎,𝑑 +  𝑞𝐻𝑊𝑎,𝑠 +  (𝑒𝐻𝑊,𝑔  ∗  𝛼𝐻𝑊,𝑔)  (kWh/m2*a) (5) 

Interim Results (not visible for DST-user): 

Status quo:  

𝑞𝐻𝑊𝑎,𝑒 = 0 + 0.07 + 0.006 + (1.01 ∗ 1)= 1 kWh/𝑚2a 

After renovation:  

𝑞𝐻𝑊𝑎,𝑒 = 0 + 0.07 + 0.006 + (1.52 ∗ 1) =  1.5 kWh/𝑚2a 

The final energy demand for the auxiliary energies 𝑞𝐻𝑊𝑎,𝑒 is calculated according to 

the above-mentioned formula. The auxiliary energy demand for heat transfer 𝑞𝐻𝑊𝑎,𝑐𝑒 

is set to 0 kWh/m2*a based on DIN V 4701-10 for all calculations. The auxiliary energy 

demand for DHW and circulation pipes 𝑞𝐻𝑊𝑎,𝑑 is calculated using average values from 

the standard (see D3.3). The value for the area-related auxiliary energy demand for 

the storage of DHW 𝑞𝐻𝑊𝑎,𝑠 also results from average values from the standard. For 

the heat generator effort figure 𝑒𝐻𝑊,𝑔 and heating coverage share 𝛼𝑔, the same 

definitions as before are valid.  

The specific and absolute primary energy demand for 𝑄𝐻𝑊,𝑝 are calculated the same 

way as it is done for space heating by counting together the final energy demand for 

DHW 𝑞𝐻𝑊,𝑒 with the final energy demand for the auxiliary energies 𝑞𝐻𝑊𝑎,𝑒  and then 

multiplied with the primary energy factor 𝑓𝑃 for the considered primary energy source.  

Results (Visible for DST-user): 

Status quo:  

𝑞𝐻𝑊𝑝 = 22 ∗ 1.8= 40 kWh/𝑚2a 

𝑄𝐻𝑊𝑝 = 40 ∗ 6510= 260,400 kWh/a 

After renovation:  

𝑞𝐻𝑊𝑎,𝑒 = 34 ∗ 0.4 =  14 kWh/𝑚2a 

𝑄𝐻𝑊𝑝 = 14 ∗ 6510= 91,140 kWh/a 
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Heating Load Space Heating 
The calculation of the heating load for space heating 𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 is also based on a 

single-zone model and the German standard DIN 12831 (2017). The heating load for 

space heating of a building is calculated according to the following formula.  

𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 =  ∑(𝜙𝑇,𝑖) +  𝜙𝑉,𝑏𝑢𝑖𝑙𝑑 + ∑(𝜙ℎ𝑢,𝑖) − ∑(𝜙𝑔𝑎𝑖𝑛,𝑖)  (W) (6) 

Results (Visible for DST-user): 

Status quo:  

𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 = 149,787 + 252,272 =  402,059 𝑊 =  402 𝑘𝑊 

After renovation:  

𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 = 62,178 +  63,068 =  125,424 = 125 kW 

 

The transmission heat losses 𝜙𝑇,𝑖 through the wall, floor and roof surfaces are further 

calculated from the following formula. The formula distinguishes between the heat 

transfer coefficient directly to the outside 𝐻𝑇,𝑖𝑒, to adjacent spaces 𝐻𝑇,𝑖𝑎 and through 

the ground 𝐻𝑇,𝑖𝑔. For the heat transfer coefficient to adjacent spaces 𝐻𝑇, a further 

differentiation is made between different adjacent spaces. Here, the heat transfer 

coefficient 𝐻𝑇,𝑖𝑎describes the heat transfer to another heated room within the same 

building, the heat transfer coefficient 𝐻𝑇,𝑖𝑎𝐵𝐸 describes the heat transfer to another 

building unit within the same building, and the heat transfer coefficient 𝐻𝑇,𝑖𝑎𝑒 describes 

the heat transfer to an unheated room, or an adjacent building. Since the calculation 

of the heating load is based on a single-zone model, the heat transfer coefficients 𝐻𝑇,𝑖𝑎 

and 𝐻𝑇,𝑖𝑎𝐵𝐸 are not taken into account. The heat transfer coefficient 𝐻𝑇,𝑖𝑎𝑒 is calculated 

for heat transfer to unheated attics/basements and to neighbouring buildings. 

𝜙𝑇,𝑖 = (𝐻𝑇,𝑖𝑒 +  𝐻𝑇,𝑖𝑎 + 𝐻𝑇,𝑖𝑎𝐵𝐸 + 𝐻𝑇,𝑖𝑎𝑒 + 𝐻𝑇,𝑖𝑔) ∗ (𝜃𝑖𝑛𝑡,𝑖 − 𝜃𝑒)  (W) (7) 

Interim Results (Not visible for DST-user): 

Status quo:  

𝜙𝑇,𝑖(𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑊𝑎𝑙𝑙) = (0.9 + 0.1) ∗ (20 − (−21)) ∗ 1615(𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑤𝑖𝑛𝑑𝑜𝑤𝑠)= 66,215 W 

𝜙𝑇,𝑖(𝐵𝑎𝑠𝑒𝑝𝑙𝑎𝑡𝑒) = 1.45 ∗ 1302 ∗ 7 ∗ 1.15 ∗ 0.028 ∗ (20 − (−21))= 17,447 W 

𝜙𝑇,𝑖(𝑊𝑖𝑛𝑑𝑜𝑤𝑠) = (1.3 + 0.1) ∗ (20 − (−21)) ∗ 404 =  23,190 𝑊 

𝜙𝑇,𝑖(𝑅𝑜𝑜𝑓) = (0.7 + 0.1) ∗ (20 − (−21)) ∗ 1309 =  42,935 𝑊 

∑ 𝜙𝑇 =149,787 W 

After renovation:  

𝜙𝑇,𝑖(𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑊𝑎𝑙𝑙) = (0.19 + 0.1) ∗ (20 − (−21)) ∗ 1615(𝑤.𝑜.𝑤𝑖𝑛𝑑𝑜𝑤𝑠)= 19,202 W 
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𝜙𝑇,𝑖(𝐵𝑎𝑠𝑒𝑝𝑙𝑎𝑡𝑒) = 1.45 ∗ 1302 ∗ 48 ∗ 1.15 ∗ 0.028 ∗ (20 − (−21))= 11,964 W 

𝜙𝑇,𝑖(𝑊𝑖𝑛𝑑𝑜𝑤𝑠) = (0.8 + 0.1) ∗ (20 − (−21)) ∗ 404= 14,908 W 

𝜙𝑇,𝑖(𝑅𝑜𝑜𝑓) = (0.2 + 0.1) ∗ (20 − (−21)) ∗ 1309= 16,101W 

∑ 𝜙𝑇 = 62,174 W 

 

𝜙𝑉,𝑏𝑢𝑖𝑙𝑑 =  𝑉𝑏𝑢𝑖𝑙𝑑 ∗  𝑛𝑏𝑢𝑖𝑙𝑑 ∗  𝜌𝐿 ∗  𝑐𝑝,𝑙 (𝜃𝑖𝑛𝑡,𝑏𝑢𝑖𝑙𝑑 −  𝜃𝑒)  (W) 

 

 

(15) 

Interim Results (Not visible for DST-user): 

Status quo:  

𝜙𝑉,𝑏𝑢𝑖𝑙𝑑 = 18097* 0.34 * 1 * (20 – (-21)) = 252,272 W 

After renovation:  

𝜙𝑉,𝑏𝑢𝑖𝑙𝑑 = 18097* 0.34 * 0.25 * (20 – (-21)) = 63,068 W 

 

 

The calculation of the standard infiltration and ventilation heat losses 𝜙𝑉,𝑏𝑢𝑖𝑙𝑑 of a 

building, still missing for the heating load calculation, can be calculated from the 

formula above. The volume of the building 𝑉𝑏𝑢𝑖𝑙𝑑 is the result of the volume calculation, 

by using the building measures defined for the calculation of sourced from a digital 

building model. The air exchange rate of the building 𝑛𝑏𝑢𝑖𝑙𝑑 is derived from DIN EN 

12831 and depends on the respective year of construction of the building under 

consideration. For buildings with a year of construction ≥ 1995, an air exchange rate 

of 0.15 [h-1] is assumed, with a year of construction < 1995 a value of 0.5 [h-1] and with 

a year of construction < 1977 a value of 1 [h-1]. The material constant of air 𝜌𝐿 ∗  𝑐𝑝,𝑙 is 

given by 0.34 [Wh/m3*K] for the calculation. The standard indoor temperature is 

defined, as already for previous calculations, 𝜃𝑖𝑛𝑡,𝑏𝑢𝑖𝑙𝑑 according to DIN EN 12831, as 

20 °C for living rooms and bedrooms.  

 
With the results for the sum of the transmission heat losses 𝜙𝑇,𝑖 and the ventilation 

heat losses of the building, 𝜙𝑉,𝑏𝑢𝑖𝑙𝑑, the total heating load for space heating 𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 

can be calculated (see calculation at beginning of subchapter). The heating load of 

the building is further used for dimensioning of the heating system and other 

components of technical building service components. 

 

Heating Load Domestic Hot Water 
The heating load related to the Domestic Hot Water (DHW) is determined according 

to the simplified method by means of annual final energy consumption. For this 

purpose, the final annual energy consumption for domestic hot water heating of the 
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building in kWh/year is used. The DHW-related heating load is further calculated 

according to the next formula. Here, the daily hours of full use of the heat generators 

for the provision of domestic hot water 𝑑𝑤 are assumed to be 4 hours and the days of 

the domestic hot water period 𝑡𝑑 refer to an entire year with 365 days. 

𝜙𝐻𝐿,𝐷𝐻𝑊 =  
𝑄𝐻𝑊,𝑒

𝑡𝑑∗𝑑𝑤
  (W) (8) 

Results (Not visible for DST-user): 

Status quo:  

𝜙𝐻𝐿,𝐷𝐻𝑊 =
(12.5∗2527)

365∗4
 = 22 kW 

After renovation:  

𝜙𝐻𝐿,𝐷𝐻𝑊 =
(12.5∗2527)

365∗4
 = 22 kW 

 
The following reporting sheet represents the presentation of the summarized results 
of the energy demand assessment via the DST: 
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Results Building

Energy Demand Assessment

EERAdata

Final Energy Demand Heating + DHW (kWh/m²*year)

Final Energy demand kWh/m²*year kWh/year

Status quo (Heating) 77 501,270

Status quo (DHW) 21 136,710

Renovation (Heating) 70 455,700

Renovation (DHW) 32 208,320

Data tables

Data tables

Data tables

Primary Energy Demand Heating + DHW (kWh/m²*year)

Heating Load Heating + DHW (kW)

Primary Energy demand kWh/m²*year kWh/year

Status quo (Heating) 139 904,890

Status quo (DHW) 40 246,078

Renovation (Heating) 28 182,280

Renovation (DHW) 14 91,140

Heating Load kW

Status quo (Heating) 403

Status quo (DHW) 22

Renovation (Heating) 126

Renovation (DHW) 22
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6 Life-Cycle Assessment 
 

Construction Elements 
Life Cycle Assessment (LCA) enables the consideration of energy and emissions 

performance of buildings over their entire life cycle. The LCA module has been 

developed by TUM. The life cycle phases which are taken into account can be seen 

in Figure 3.  

 

Figure 3. Phases for life cycle assessment module 
 

The energy requirements and emissions resulting from LCA phases A1 (raw material 

procurement), A2 (transport), A3 (production), B4 (replacement), C3 (waste 

processing), and C4 (disposal) are described as ‘Grey energy’ and ‘Grey emissions’. 

Phase B6 represents the ‘Operational Energies’ and ‘Operational Emissions’ (Energy 

Demand Space Heating and Domestic Hot Water). The grey energy and emissions 

are related to the building materials and energy system components used. In order to 

take into account both the energy system components and the building materials, 

these must be dimensioned in the next step and offset against the specific LCA data 

sets.  

The LCA phase B4, which includes the replacement of energy system components as 

well as the building materials, is calculated from the following formulas. The parameter 

𝑛 describes the number of replacement cycles over the entire life cycle of a building. 

The parameter 𝑙 is the total lifetime of the building under consideration and the 

parameter t is the lifetime of an energy system component or a building material. 

𝐵4 = (𝐴1 + 𝐴2 + 𝐴3 + 𝐶2 + 𝐶4) ∗ 𝑛 (17) 
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𝑛 ≈
𝑙

𝑡
 

(18) 

To calculate the emission values for the use phase, the final energy demand is 
multiplied by the emissions per kWh of the respective energy source to be defined for 
the calculation. 

 

In the following, the code is given as an example for the emission-related indicator 
GWP and the life cycle phases A1-A3, B4, C3 and C4 for the constructional elements. 
The code applies equally to the energy-related indicators PENRT and PERT and the 
components of the technical building services components. 

 

Results (Not visible for DST-user): 

Status quo:  

Dimensioning main construction material: 

𝑉𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑤𝑎𝑙𝑙 = 0.2 ∗ 2019 = 404 𝑚3 

𝑉𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑏𝑎𝑠𝑒𝑝𝑙𝑎𝑡𝑒 = 0.3 ∗ 1302 = 391 𝑚3 

𝑉𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑟𝑜𝑜𝑓 = 0.15 ∗ 1309 = 196 𝑚3 

∑𝑉𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒  = 991 𝑚3 

∑𝐴𝑊𝑖𝑛𝑑𝑜𝑤  = 404 𝑚2 

 

LCA of construction material: 

𝐺𝑊𝑃𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐴1−𝐴3 = 991 * 267 = 264,431 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐵4 = 991* 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=0 over life cycle) 

𝐺𝑊𝑃𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶3 = 991 * 273 = 270,376 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶4 = 991 * 6 = 5,945 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒  = 540,751 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐴1−𝐴3 = 404 * 87 = 35,148 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐵4 = 404* 107 = 43,228 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶3 = 404 * 32 = 12,928 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶4 = 404 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 91,304 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃 = 632,055 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 
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𝑃𝐸𝑁𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐴1−𝐴3 = 991 * 1225= 1,213,768 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐵4 = 991* 0 = 0 𝑘𝑊ℎ (n=0 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶3 = 991 * 1303= 1,290,848 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶4 = 991 * 78 = 77,909 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒  = 2,581,706 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐴1−𝐴3 = 404 * 1435 = 579,740 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐵4 = 404* 1320 = 533,280 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶3 = 404 * 53 = 21,412 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶4 = 404 * 3 = 1,212 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 1,135,644 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇 = 3,717,350 𝑘𝑊ℎ 

 

𝑃𝐸𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐴1−𝐴3 = 991 * 318 = 315,509 kWh 

𝑃𝐸𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐵4 = 991* 0 = 0 𝑘𝑊ℎ (n=0 over life cycle) 

𝑃𝐸𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶3 = 991 * 339 = 335,666 kWh 

𝑃𝐸𝑅𝑇𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶4 = 991 * 20 = 20,182 kWh 

∑𝑃𝐸𝑅𝑇𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒  = 670,906 𝑘𝑊ℎ 

 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐴1−𝐴3 = 404 * 352 = 142,208 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐵4 = 404* 321 = 129,684 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶3 = 404 * 15 = 6,060 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝐶4 = 404 * 0 = 0 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 277,952 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇 = 948,858 𝑘𝑊ℎ 

 

After renovation (adding extra insulation material – 0.14 m external wall and 0.15 

on roof to reach desired u-value + exchanging windows):  

Dimensioning main construction material: 

𝑉𝑋𝑃𝑆 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑤𝑎𝑙𝑙 = 0.14 ∗ 2019 = 283 𝑚3 

𝑉𝑋𝑃𝑆 𝑟𝑜𝑜𝑓 = 0.15 ∗ 1309 = 196 𝑚3 
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∑𝑉𝑋𝑃𝑆  = 479 𝑚3 

∑𝐴𝑊𝑖𝑛𝑑𝑜𝑤  = 404 𝑚2 

 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶3 = 404 * 32 = 12,928 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶4 = 404 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐴1−𝐴3 = 404 * 87 = 35,289 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐵4 = 404* 115 = 46,581𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶3 = 404 * 27 = 121 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶4 = 404 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 95,189 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

 

𝐺𝑊𝑃𝑋𝑃𝑆 𝑛𝑒𝑤 𝐴1−𝐴3 = 479 * 96 = 46,147 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑋𝑃𝑆 𝑛𝑒𝑤 𝐵4 = 479* 215 = 102,765 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶3 = 479 * 118 = 56,618 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶4 = 479 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑋𝑃𝑆  = 205,529 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃 = 300,718 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶3 = 404 * 53 = 21,412 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶4 = 404 * 3 = 1,212 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐴1−𝐴3 = 404 * 1335 = 539,300 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐵4 = 404* 1399 = 565,277 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶3 = 404 * 46 = 18,443 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶4 = 404 * 5 = 1,899 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 1,147,543 𝑘𝑊ℎ 

 
𝑃𝐸𝑁𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐴1−𝐴3 = 479 * 2,839 = 1,359,881 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐵4 = 479* 2,857 = 1,368,393 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶3 = 479 * 18 = 8,512 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶4 = 479 * 0 = 0 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑋𝑃𝑆  = 2,736,786 𝑘𝑊ℎ 
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∑𝑃𝐸𝑁𝑅𝑇 = 3,884,329 𝑘𝑊ℎ 

 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶3 = 404 * 15 = 6,060 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑠𝑡𝑎𝑡𝑢𝑠 𝑞𝑢𝑜 𝐶4 = 404 * 0 = 0 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐴1−𝐴3 = 404 * 1570 = 634,280 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐵4 = 404* 1653 = 667,812 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶3 = 404 * 59 = 23,836 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠 𝑛𝑒𝑤 𝐶4 = 404 * 5 = 2,020 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑊𝑖𝑛𝑑𝑜𝑤𝑠  = 1,334,008 𝑘𝑊ℎ 

 
𝑃𝐸𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐴1−𝐴3 = 479 * 179 = 85,549 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐵4 = 479* 182 = 87,387 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶3 = 479 * 4 = 1,837 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑋𝑃𝑆 𝑛𝑒𝑤 𝐶4 = 479 * 0 = 0 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑋𝑃𝑆  = 174,774 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇 = 1,508,782 𝑘𝑊ℎ 

 

Technical Building Services Components 
First, the primary energy requirements of the use phase in the life cycle are divided 
into primary energy requirements from renewable (PERT) and non-renewable sources 
(PENRT). In addition, the global warming potential (GWP) is calculated. 
 
Results (Visible for DST-user): 

Status quo:  

∑𝐺𝑊𝑃𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒 = (77 + 21) ∗ 0.2 = 23 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞./𝑚2 ∗ 𝑎 𝑜𝑟 146,735 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞./𝑎 

∑𝑃𝐸𝑁𝑅𝑇𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒  = (139 + 40) ∗ 1 = 179 𝑘𝑊ℎ/𝑚2 ∗ 𝑎 𝑜𝑟 1,165,290 𝑘𝑊ℎ/𝑎 

∑𝑃𝐸𝑅𝑇𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒  = (139 + 40) ∗ 0 = 0 𝑘𝑊ℎ/𝑚2 ∗ 𝑎 𝑜𝑟 0 𝑘𝑊ℎ/𝑎 

 
After Renovation: 

∑𝐺𝑊𝑃𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒  = (70 + 32) ∗ 0.03 = 3 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞./𝑚2 ∗ 𝑎 𝑜𝑟 19,921 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞./𝑎 

∑𝑃𝐸𝑁𝑅𝑇𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒  = (28 + 14) ∗ 0.1 = 4.2 𝑘𝑊ℎ/𝑚2 ∗ 𝑎 𝑜𝑟 27,342 𝑘𝑊ℎ/𝑎 

∑𝑃𝐸𝑅𝑇𝑢𝑠𝑒 𝑝ℎ𝑎𝑠𝑒  = (28 + 14) ∗ 0.9 = 37.8 𝑘𝑊ℎ/𝑚2 ∗ 𝑎 𝑜𝑟 246,078 𝑘𝑊ℎ/𝑎 
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Heat Generator 
The heat generators can be dimensioned directly/analogously on the basis of the 

results resulting from the calculation of the heating load for space heating 𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 

and Domestic Hot Water (DHW) 𝜙𝐻𝐿,𝐷𝐻𝑊. The following heat generators are taken into 

account in the dimensioning: 

• Gas/Oil Boiler 

• Air-Water Heat Pumps 

• Water-Water Heat Pumps 

• Brine-Water Heat Pumps 

• Biomass Boiler 

• District Heating 

• Electric Heaters (only space heating) 

• Electric Flow Heaters (only DHW) 

• Gas-Storage-Heaters (only DHW) 

The results for the calculation of the oil boiler are presented as an example. However, 

this applies analogously to all other heat generators. 

Results (Not visible for DST-user): 

Status quo:  

Dimensioning house connection station district heating: 

𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 403 + 22 = 425 𝑘𝑊 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 425 * 4.8 = 2,040 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 425* 5.1 = 4,335 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=2 over life cycle) 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.2 = 85 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 6,460 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 425 * 59 = 25,075 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 425* 59 = 50,150 𝑘𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0.1 = 43 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.2 = 85 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 75,353 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 425 * 7.7 = 3,273 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 425* 7.8 = 6,630 𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0 = 0 𝑘𝑊ℎ 
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𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.1 = 43 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 9,945 𝑘𝑊ℎ 

After renovation: 

𝑃𝑏𝑖𝑜𝑚𝑎𝑠𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 = 126 + 22 = 148 𝑘𝑊 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0 = 0 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.2 = 85 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐴1−𝐴3 = 148 * 49 = 7,252 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐵4 = 148* 49 = 14,504 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=2 over life cycle) 

𝐺𝑊𝑃𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶3 = 148 * 0.1 = 15 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶4 = 148 * 0.1 = 15 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃 = 21,871 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0.1 = 43 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.2 = 85 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐴1−𝐴3 = 148 * 503 = 74,444 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐵4 = 148* 506 = 149,776 𝑘𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶3 = 148 * 2 = 296 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶4 = 148 * 1 = 148 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇 = 224,792 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 425 * 0 = 0 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 425 * 0.1 = 43 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐴1−𝐴3 = 148 * 39 = 5,772 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐵4 = 148* 40 = 11,840 𝑘𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶3 = 148 * 0.2 = 30 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑖𝑜𝑚𝑎𝑠 𝑏𝑜𝑖𝑙𝑒𝑟 𝐶4 = 148 * 0.2 = 30 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇 = 17,714 𝑘𝑊ℎ 

 

Heating and DHW pipes 
The dimensioning of the pipe lengths for the hot water heating pipe network is carried 

out according to German standard DIN V 18599-5:2018-09. According to the standard, 

the simplified method described therein is used for dimensioning if no detailed pipe 

network plans are available, as is the case in most of the existing buildings. According 

to the following list, the pipe length between the heat generators and vertical risers 𝐿𝑉, 

the pipe length of the string pipes 𝐿𝑠 and the pipe length of the connecting pipes 
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between the circulating pipe sections and radiators 𝐿𝐴 can be calculated for five 

different heating distribution systems (Figure 4):  

• floor ring type (I) 

• floor distributor type radiator (IIa) 

• floor distributor type underfloor heating (IIb) 

• riser type (III) 

 

Figure 4. Piping layout for heating and domestic hot water 
 

The calculations of the line lengths for the floor ring type (I) result from the following 

equations: 

𝐿𝑉,𝐼 =  𝑐1 + 𝑐2 ∗ 𝐴𝑐3  (m) (9) 

 

𝐿𝑆,𝐼 =  𝑐4 ∗ 𝐴𝑐5 + 𝑐6 ∗ 𝐴 ∗ 𝐻 ∗ 𝑁  (m) (10) 

 

𝐿𝐴,𝐼−𝐼𝑉 =  𝑐7 ∗ 𝐴𝑐8  (m) (11) 

The calculations of line lengths for the floor distributor type radiator (IIa), floor 

distributor type underfloor heating (IIb) and riser type (III) result from the following 

formulas. 

𝐿𝑉,𝐼𝐼−𝐼𝐼𝐼 =  𝑐1 ∗ 𝐶2 ∗ (
𝐴

𝑁
)

𝑐3

  (m) (12) 

 

𝐿𝑆,𝐼𝐼−𝐼𝐼𝐼 =  𝑐5 ∗ 𝐴𝑐6 + 𝑐6 ∗ 𝐴 ∗ 𝐻 ∗ 𝑁   (m) (13) 

Due to the fact that in most cases no information on pipe network plans is present, an 

average value is calculated from the four heating distribution systems, which is used 

for the further calculation of the LCA. 
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The dimensioning of the piping of the domestic hot water network is determined 

according to standard DIN V 18599-8:2018-09. A distinction is also made between 

pipe lengths between the heat generators and vertical risers 𝐿𝑉 the pipe lengths of the 

string pipes 𝐿𝑠 and the pipe lengths of the connecting pipes between the circulating 

pipe sections and the taps 𝐿𝐴 and calculated for three different domestic hot water 

systems. The standard distinguishes between single-zone and multi-zone buildings. A 

single-zone model is always assumed for building-specific calculations. Based on this, 

a single zone building/model is also assumed for the calculation of the pipe lengths for 

the domestic hot water systems in the building. A distinction is made between the 

following three domestic hot water systems:  

• riser type (I) 

• level type (II) 

• decentralized supply (III) 

The calculation of line lengths 𝐿𝑉, 𝐿𝑆 and 𝐿𝐴 for riser type (I) are obtained from the 

following formula and, the same as for the calculation of line lengths for the floor 

distribution type radiator (IIa), floor distribution type floor heating (IIb) and riser type 

(III), from the formulas mentioned before. The fixed calculation parameters c 1-8 are 

also used here. 

𝐿𝑉,𝐼,𝑊𝑊 =  𝑐2 ∗ (
𝐴

𝑁
)

𝑐3

  (m) (14) 

The calculation of the line lengths for the level type (II) result from the formula 

mentioned above for the hot water heating pipe network. 

In the case of decentralized supply (III) (e.g., by electric instantaneous water heaters), 

only the lengths of the connecting pipes 𝐿𝐴 between the decentralized hot water 

generator and the tapping point are taken into account.  
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Results (Not visible for DST-user): 

Status quo:  

Dimensioning heating pipes: 

𝐿𝑉,𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = ∅ 8,683 𝑚  

𝐿𝑆,𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = ∅ 56 𝑚  

𝐿𝐴,𝑠𝑝𝑎𝑐𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = ∅ 1,995 𝑚  

𝐿𝑉,𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 = ∅ 416 𝑚  

𝐿𝑆,𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 = ∅ 56 𝑚  

𝐿𝐴,𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 = ∅ 1,995 𝑚  

∑𝐿 = 13,202 𝑚 = 4,285 kg (average mass of 0.32 kg/m and 0.012 m diameter of pipes) 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐴1−𝐴3 = 4,285 * 3.4 = 5,094 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐵4 = 4,285* 5.6 = 8,277 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶3 = 4,285 * 0.01 = 8 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶4 = 4,285 * 2.1 = 3,175 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 16,555 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐴1−𝐴3 = 4,285 * 47 = 69,650 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐵4 = 4,285* 48 = 70,263 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶3 = 4,285 * 0.1 = 110 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶4 = 4,285 * 0.3 = 503 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 140,526 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐴1−𝐴3 = 4,285 * 8.4 = 12,409 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐵4 = 4,285* 8.5 = 12,525 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶3 = 4,285 * 0 = 24 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝐶4 = 4,285 * 0.1 = 91𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 25,049 𝑘𝑊ℎ 
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After renovation (exchanging all pipes + adding pipe insulation): 

∑𝐿 = 13,202 𝑚 = 4,285 kg (average mass of 0.32 kg/m and 0.012 m diameter of pipes) 

∑𝑉𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛  = 78 𝑚3 kg (thickness insulation: 0.03 m) 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶3 = 4,285 * 0.01 = 8 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶4 = 4,285 * 2.1 = 3,175 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐴1−𝐴3 = 4,285 * 3.4 = 5,094 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐵4 = 4,285* 5.6 = 8,277 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶3 = 4,285 * 0.01 = 8 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶4 = 4,285 * 2.1 = 3,175 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 19,738𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐴1−𝐴3 = 78 * 280 = 21,858 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 ℎ𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐵4 = 78* 349 = 27,239 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶3 = 78 * 0.1 = 9 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶4 = 78 * 69 = 5,373 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 54,478 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶3 = 4,285 * 0.1 = 110 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶4 = 4,285 * 0.3 = 503 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐴1−𝐴3 = 4,285 * 47 = 69,650 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐵4 = 4,285* 48 = 70,263 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶3 = 4,285 * 0.1 = 110 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶4 = 4,285 * 0.3 = 503 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 141,139 𝑘𝑊ℎ 
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𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐴1−𝐴3 = 78 * 3,619 = 282,325 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐵4 = 78* 3,653 = 285,020 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶3 = 78 * 1.5 = 119 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶4 = 78 * 33 = 2,576 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 570,040 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶3 = 4,285 * 0 = 24 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑜𝑙𝑑 𝐶4 = 4,285 * 0.1 = 91𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐴1−𝐴3 = 4,285 * 8.4 = 12,409 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐵4 = 4,285* 8.5 = 12,525 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶3 = 4,285 * 0 = 24 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊 𝑛𝑒𝑤 𝐶4 = 4,285 * 0.1 = 91𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 25,164 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐴1−𝐴3 = 78 * 619 = 48,323 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐵4 = 78* 628 = 48,965 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶3 = 78 * 0.1 = 7 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶4 = 78 * 8 = 634 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑝𝑖𝑝𝑒𝑠 𝑖𝑛𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑎𝑛𝑑 𝐷𝐻𝑊  = 97,929 𝑘𝑊ℎ 
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Radiators 
When dimensioning, the average value of the heat output of the plate radiator types 

10, 11, 20, 21, 22, 30, 33 with the heights of 300, 400, 500, 600 and 900 mm 

respectively is calculated at 70/55/20 °C (flow temperature (VL)/return temperature 

(RL)/room temperature (RT)) and 55/45/20 °C and assumed for all calculations. For 

the 70/55/20 °C temperature spread defined in conjunction with low-temperature 

boilers, this results in an average heat output per meter of panel radiators of 965 

[W/m]. For the temperature spread 55/45/20 °C, which is assumed to be the common 

temperature spread for condensing boilers, this results in a value of 614 [W/m]. The 

heating load 𝜙𝐻𝐿,𝑏𝑢𝑖𝑙𝑑 divided by the average heat output gives the length of panel 

radiators needed to transfer the required heat into the room. In addition, the 

temperature spread 70/55/20 °C is only used to calculate the LCA of gas and oil heat 

generators in combination with radiators in the existing building. For all other heat 

generators in combination with radiators in the existing building and for all heat 

generators in combination with radiators after refurbishment, the temperature spread 

55/45/20 °C is assumed. The material mass of the radiators is obtained by multiplying 

the total length of radiators by the average material mass of 33.74 [kg/m] calculated 

over all radiator heights. 

Results (Not visible for DST-user): 

Status quo:  

Dimensioning Radiators: 

∑𝐿𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 = 403,000/614 =  656 𝑚 

∑𝑚𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 = 656 ∗ 33.74 =  22,133 𝑘𝑔 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐴1−𝐴3 = 22,133 * 4.5 = 99,599 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐵4 = 22,133* 4.5 = 99,599 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.01 = 221 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.001 = 22 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 199,440 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐴1−𝐴3 = 22,133* 54 = 1,195,182 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐵4 = 22,133* 54 = 1,195,182 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.1 = 2,213 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.01 = 221 𝑘𝑊ℎ 
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∑𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 2,392,799 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐴1−𝐴3 = 22,133* 1.7 = 37,626 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐵4 = 22,133* 1.8 = 39,839 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.05 = 1,107 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.002 = 44 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 78,616 𝑘𝑊ℎ 

After renovation (disposal of all radiators): 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.01 = 221 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.001 = 22 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 243 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.1 = 2,213 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.01 = 221 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 2,435 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶3 = 22,133* 0.05 = 1,107 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠 𝐶4 = 22,133* 0.002 = 44 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑟𝑎𝑑𝑖𝑎𝑡𝑜𝑟𝑠  = 1,151 𝑘𝑊ℎ 

 

Floor heating 
When dimensioning the underfloor heating, it is assumed that the living area is heated, 

which results from multiplying the living area by the percentage rate for underfloor 

heating defined in the graphical user interface (GUI). The differentiation in the 

dimensioning of the underfloor heating results from the laying distance of the pipes 

from 100 mm to 300 mm in 50 mm steps. This results from a specific factor which 

indicates which part of the heating load must be carried by the underfloor heating. If 

this factor is higher than ≥ 60%, then an installation distance of 300 mm is assumed. 

If the factor is between 60 and 50%, this results in an installation distance of 250 mm. 

Between 50 and 40% it is 200 mm, between 40 and 30% 150 mm and < 30% it is 100 

mm.  

The cross section of the floor heating pipes is between 14 and 20 mm. For the 

calculations, an average value of 17 mm was used. This results in the mass values 

per laying distance and square meter of living area. The laying distance multiplied by 

the living area to be heated and by the mass value per laying distance results in the 

material mass for the floor heating systems. 



No 847101 – EERAdata 
D3.4 Finalised EERAdata methodology  

42 
 

Results (Not visible for DST-user): 

After renovation (not used in status quo):  

Dimensioning Floor Heating (200 mm installation distance is chosen): 

∑𝑚𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 6510 ∗  1,37 =  8,919 𝑘𝑔 

𝐺𝑊𝑃𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 8,919 * 4 = 33,710 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 8,919* 6 = 56,923 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 8,919 * 0.01 = 51 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔𝐶4 = 8,919 * 2.6 = 23,163 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 113,847 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 8,919 * 68 = 607,652 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 8,919* 69 = 611,980 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 8,919 * 0.08 = 683 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 8,919 * 0.41 = 3,644 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 1,223,959 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐴1−𝐴3 = 8,919* 8 = 72,262 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐵4 = 8,919* 8 = 73,057 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶3 = 8,919 * 0.01 = 131 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝐶4 = 8,919 * 0.07 = 664 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑓𝑙𝑜𝑜𝑟 ℎ𝑒𝑎𝑡𝑖𝑛𝑔  = 146,114 𝑘𝑊ℎ 

 

Buffer Tank 
When storing or dimensioning the hot water tank, a distinction is made between the 

hot water for space heating (buffer tank) and domestic hot water (domestic hot water 

tank). The buffer storage to support the space heating is thereby dimensioned 

according to DIN V 18599-5:2018-09. The calculated nominal buffer tank capacity 

𝑉𝑆,𝑆𝐻 is given in liters, without further conversion. The daily standby heat loss 

𝑄𝑃0,𝑠,𝑑𝑎𝑦  necessary for the calculation is based, among other things, on the values 

already given in ‘energy demand space heating’, for the heat losses during storage of 

hot water for the heating system 𝑞𝑠  [kWh/m2*a]. The values are output 𝑞𝑠 differentiated 

for supply temperatures ≥40 °C and < 40 °C. Thereby, the usable, or living area 𝐴𝑁 is 

multiplied by the value for 𝑞𝑠  and divided by the number of days in an average heating 

season (185 days). 
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𝑉𝑆,𝑆𝐻 = (
𝑄𝑃0,𝑠,𝑑𝑎𝑦−0.4

0.14
)

2

  (l) 
(15) 

 

𝑄𝑃0,𝑠,𝑑𝑎𝑦 =
𝑞𝑠∗𝐴𝑁

𝐻𝑃
  (kWh/d) (16) 

 

Results (Not visible for DST-user): 

Status quo:  

Dimensioning Buffer Tank: 

∑𝑉𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 = 95 𝑙 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95 * 4 = 342 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐵4 = 95* 4 = 406 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95* 0.01 = 1 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 1 = 63 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 812 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95 * 48 = 4,562 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘𝐵4 = 95* 49 = 4,663 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95 * 0.1 = 11 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 1 = 90 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 9,326 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95* 7 = 656 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐵4 = 95* 7 = 684 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95* 0.04 = 4 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 0.3 = 24 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 1,367 𝑘𝑊ℎ 

After renovation (exchange of buffertank): 
𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95* 0.01 = 1 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 1 = 63 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95 * 4 = 342 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 4 = 406 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95* 0.01 = 1 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 
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𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 1 = 63 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 876 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95 * 0.1 = 11 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 1 = 90 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95 * 48 = 4,562 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 49 = 4,663 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95 * 0.1 = 11 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 1 = 90 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 9,427 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95* 0.04 = 4 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 0.3 = 24 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95* 7 = 656 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 7 = 684 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95* 0.04 = 4 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 0.3 = 24 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇𝑏𝑢𝑓𝑓𝑒𝑟 𝑡𝑎𝑛𝑘  = 1,395 𝑘𝑊ℎ 

 

Domestic hot water tank 
The domestic hot water storage tank is calculated according to German standard DIN 

V 18599-08:2018-09. The calculated nominal capacity of the domestic hot water 

storage tank 𝑉𝑆,𝐷𝐻𝑊 is also given in litres. The value for the daily useful energy demand 

for domestic hot water 𝑄𝑤,𝑏,𝑑𝑎𝑦necessary for the calculation is obtained from the 

upcoming formula. Thereby, the number of dwelling units within a building 𝑁𝑑𝑤𝑒𝑙𝑙𝑖𝑛𝑔 

may be roughly calculated according to the standard. The mean temperature of the 

storage tank 𝜃𝑠,𝑎𝑣 and the cold-water temperature 𝜃𝐾 are calculated according to DIN 

V 18599-08: 𝜃𝑠,𝑎𝑣 = 55 [°C] and 𝜃𝐾 = 11 [°C]. For the storage utilization rate 𝜂𝑆 , an 

average value for horizontal and vertical storage of 𝜂𝑆 = 0.925 can be calculated from 

the standard. 

𝑉𝑆,𝐷𝐻𝑊 =
𝑄𝑤,𝑏,𝑑𝑎𝑦∗𝑓𝑁∗860

(𝜃𝑠,𝑎𝑣−𝜃𝐾)∗𝜂𝑆
  (l) (17) 

 

𝑓𝑁 =  1.85 ∗ 𝑁𝑑𝑤𝑒𝑙𝑙𝑖𝑛𝑔
−0.42  (-) (18) 
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𝑁𝑑𝑤𝑒𝑙𝑙𝑖𝑛𝑔 =  
𝐴𝑁

80
  (-) (19) 

Per litre of storage, a mass value of 0.17 kg/l is defined. The conversion to material 

mass must probably be performed based on the LCA dataset, which is mass-based. 

Since in the following process an LCA dataset for hot water storage tanks is used and 

no differentiation is made between buffer and storage tanks, the total material mass 

of the storage tanks is calculated here as well.  

Results (Not visible for DST-user): 

Status quo:  

Dimensioning Domestic Hot Water Tank: 

∑𝑉ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 =  1,962 𝑙 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95 * 4 = 7,062 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐵4 = 95* 4 = 8,381 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95* 0.01 = 17 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 1 = 1,302𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘  = 16,762 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95 * 48 = 94,225 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘𝐵4 = 95* 49 = 96,306 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95 * 0.1 = 222 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 1 = 1,859 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘  = 192,612 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐴1−𝐴3 = 95* 7 = 13,550 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐵4 = 95* 7 = 14,118 𝑘𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶3 = 95* 0.04 = 75 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝐶4 = 95 * 0.3 = 493 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟  = 28,237 𝑘𝑊ℎ 

After renovation (exchange of Domestic Hot Water tank): 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95* 0.01 = 17 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 1 = 1,302𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95 * 4 = 7,062 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 4 = 8,381 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. (n=1 over life cycle) 

𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95* 0.01 = 17 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 
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𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 1 = 1,302𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

∑𝐺𝑊𝑃ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘  = 18,081 𝑘𝑔 𝐶𝑂2 − 𝑒𝑞. 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95 * 0.1 = 222 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 1 = 1,859 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95 * 48 = 94,225 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 49 = 96,306 𝑘𝑊ℎ (n=1 over life cycle) 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95 * 0.1 = 222 𝑘𝑊ℎ 

𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 1 = 1,859 𝑘𝑊ℎ 

∑𝑃𝐸𝑁𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘  = 194,693 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶3 = 95* 0.04 = 75 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑜𝑙𝑑 𝐶4 = 95 * 0.3 = 493 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐴1−𝐴3 = 95* 7 = 13,550 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐵4 = 95* 7 = 14,118 𝑘𝑊ℎ (n=2 over life cycle) 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶3 = 95* 0.04 = 75 𝑘𝑊ℎ 

𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟 𝑡𝑎𝑛𝑘 𝑛𝑒𝑤 𝐶4 = 95 * 0.3 = 493 𝑘𝑊ℎ 

∑𝑃𝐸𝑅𝑇ℎ𝑜𝑡 𝑤𝑎𝑡𝑒𝑟  = 28,805 𝑘𝑊ℎ 

 

The following reporting sheet presents the summarized results of the life cyle 
assessment via the DST: 
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Results Building

Life Cycle Assessment

EERAdata

Primary Energy from non-renewable resources (kWh/m²*year)

kWh/m²*year

Energy demand
Operational 

(Heating +DHW)
Embedded

Status quo 179 20

Renovation 4 19

Data tables

Data tables

Data tables

Primary Energy from renewable resources (kWh/m²*year)

CO2 Emissions (kg CO2-eq./m2*year)

kWh/m²*year

Energy demand
Operational 

(Heating +DHW)
Embedded

Status quo 0 3

Renovation 38 6

kg CO2-eq./m²*year

Emissions
Operational 

(Heating +DHW)
Embedded

Status quo 23 3

Renovation 3 2
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Status quo Renovation
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7 Indoor environment module 
 
The idea behind the EERAdata indoor environment module is to assess the effects on 
occupant performance and illness absence of indoor environmental exposures. In 
some building categories, diurnal and seasonal variation in temperature or air quality 
may be considerable due to changes in outdoor conditions or occupant actions (e.g. 
window opening in naturally ventilated buildings). Thus, distributions of indoor 
temperatures and CO2 concentrations are used to evaluate the impacts on occupant 
well-being and mental performance of the indoor environment before and after energy 
efficiency upgrades. This approach reflects the dynamics of typical buildings and the 
indoor environment as experienced by their occupants, and it is aligned with 
recommendations in DS/EN 16798-1 (2019).  
 
The indoor environment module comprises several existing and peer-reviewed models 
for infiltration (uncontrolled air exchange), one-sided natural ventilation, natural 
ventilation by cross-flow, mechanical ventilation, energy performance, and mould 
growth. The calculation starts with defining an existing object building (location, size, 
occupancy, air leakage, heat transfer properties, windows, ventilation, and setpoint 
temperatures). With a defined occupancy schedule, the module then calculates in 
hourly time steps the indoor temperature, air humidity, CO2-concentration and energy 
needed to heat and cool the building to maintain the specified temperature setpoints. 
Based on the yearly calculation of temperature and air humidity, an index to estimate 
the risk of mould growth can be calculated. 
 
As hourly time steps do not predict the effects on the air quality of short-term window 
opening, calculation of natural ventilation is subsequently carried out in shorter time 
steps, typically five minutes. Predictions of ventilation in shorter time steps are then 
used to evaluate the CO2 concentration and the air humidity at higher temporal 
resolution. The distribution of the output variables, such as indoor CO2 concentration 
or indoor temperature, is first established for the baseline case, and then the 
calculation is repeated for the upgraded building. The ultimate outcome of the 
calculation is the socio-economic benefit of an improved indoor environment, 
expressed as the Net Present Value of higher performance and reduced illness 
absence.  
 

Model to estimate air exchange rate by infiltration 
Infiltration is the uncontrolled exchange of air through leaks in the building envelope. 
The air exchange rate caused by infiltration depends on the building layout, wind 
pressure on the facades, and the indoor-outdoor temperature difference. The indoor 
environment module uses the LBL (Lawrence Berkeley Laboratory) simplified 
infiltration model to estimate air exchange rate by infiltration by combining weather 
data and the tightness of the building (Grimsrud et al. 1983). The model assumes that 
a building is a simple rectangular box.  
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Model to estimate single-sided natural ventilation 
In classrooms or other building typologies where ventilation is achieved mainly through 
the manual opening of windows, the amount of outdoor air entering the building varies 
considerably between summer and winter. In temperate to cold climate regions, 
occupants frequently open windows in summer, while in winter, they may be reluctant 
to do so due to the entrainment of cold outdoor air causing draught and low air 
temperatures. Estimation of the distribution of ventilation during the year in such 
buildings is therefore essential for the overall evaluation of indoor environment quality. 
 
Single-sided natural ventilation is less efficient than cross-flow ventilation, as the air 
simultaneously has to travel in and out of the same aperture. Single-sided situations 
may be more prevalent in practice, as they correspond to common space 
configurations as cellular offices or classrooms in which doors or internal partitions 
prevent air from moving from one side of a building to the other (Caciolo et al. 2011). 
Therefore, an important input parameter in the DST is if the estimation should be made 
with single-sided or cross-flow ventilation. 
 
To estimate single-sided ventilation by window opening, a simple, empirical model that 
considers the contributions of wind and buoyancy effects together has been 
implemented (Phaff and De Gids 1982). Estimation of ventilation with window opening 
requires a schedule for when occupants will open the windows. A default schedule is 
suggested in the tool, or users may modify occupancy periods and occupant behaviour 
to fit national or regional patterns for the considered building typology. 
 
 
 

Results – case building (Not visible to the DST-user): 

 

Status quo, after improvement of the envelope and the building services 

Yearly average infiltration rate: 1.9 m3/s = 0.4 h-1 

Yearly minimum infiltration rate: 0.1 m3/s = 0.02 h-1 

Yearly maximum infiltration rate: 4.0 m3/s = 0.8 h-1 

 

The results vary only modestly between the status quo and the renovation cases 

as none of the applied renovations affect the air tightness of the building 

envelope. Insignificant variation was caused by small changes in the indoor-

outdoor temperature difference. 
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Model to estimate cross-flow natural ventilation 
For the use of the EERAdata DST, information about a building can be expected to be 
imperfect. Therefore, several simplifications and assumptions were made to estimate 
the airflow rate with cross-flow ventilation. Window layout will differ between buildings, 
which means that the potential flow paths will also vary. Windows may have different 
sizes, be positioned in different facades and different heights. The simplified 
estimation used in the indoor environment module assumes that windows are of equal 
size and are installed at the same height in two parallel facades opposite each other, 
as shown in Figure 5. 
 
 

 
 
Figure 5. Simplified layout of window openings in a building with cross-flow natural 
ventilation. 
 

Results – case building assuming single-sided ventilation (Not visible to the DST-

user): 

 

Status quo, after improvement of the envelope and after improvement of building 

services 

Yearly average ventilation rate, single-sided ventilation: 15.1 m3/s = 3.0 h-1 

Yearly minimum ventilation rate, single-sided ventilation: 7.2 m3/s = 1.4 h-1 

Yearly maximum ventilation rate, single-sided ventilation: 27.4 m3/s = 5.5 h-1 

 

The results vary only modestly between the status quo and the renovation cases 

as none of the applied renovations affect much the natural ventilation mode. 

Insignificant variation was caused by slight changes in the indoor-outdoor 

temperature difference. 
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Wind direction will influence the ventilation airflow rate. However, in the indoor 
environment module, an additional simplification assumes that wind always 
approaches a facade at an angle of 45o. 

 

Model to estimate indoor temperatures and heating and cooling 
needs 
Indoor temperatures and heating and cooling needs are calculated according to the 
hourly method specified in ISO 13790 (2008). The method makes a simplified 
estimation of air and operative temperatures, heating or cooling needs in one-hour 
time steps based on the following information:  
 
• Ventilation and heat transmission properties 
• Internal and external heat gains 
• Climate data for the location of the building  
• Description of building systems and their use 
• Setpoint temperatures for heating and cooling. 
 
The model is based on an equivalent resistance-capacitance model as a simplification 
of a dynamic simulation. It considers the building as a single zone. Input to the 
calculation is building geometry, heat transfer properties of opaque and translucent 
surfaces, internal heat capacity, the area related to the thermal mass of the building, 
infiltration and ventilation airflow rates and outdoor weather. 
 
Calculation of the solar heat gain assumes that the building facades are oriented 
towards the north, west, south and east. The sum of direct, diffuse and reflected 
radiation on all facades is calculated. If the building has a central ventilation system, 
the estimated energy need for general heating and cooling of the building includes the 
energy needed for heating and cooling the supply air. If the ventilation system is 
equipped with a heat recovery unit, its efficiency and the supplied airflow rate are used 
to calculate the amount of recovered energy. 
 

Results – case building assuming cross-flow natural ventilation (Not visible to the 

DST-user): 

 

Status quo, after improvement of the building envelope and after improvement of 

the building services 

Yearly average ventilation rate, cross-flow ventilation: 41.5 m3/s = 8.3 h-1 

Yearly minimum ventilation rate, cross-flow ventilation: 0.5 m3/s = 0.1 h-1 

Yearly maximum ventilation rate, cross-flow ventilation: 202.5 m3/s = 40.2 h-1 

 

The results vary only modestly between the status quo and the renovation cases 

as none of the applied renovations affect the natural ventilation mode.  
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Model to estimate temperature and humidity of supply air with a 
cooling coil in the ventilation system 
The indoor air humidity and air temperature in a building with a ventilation system 
equipped with heating and cooling coils depend on a combination of the supply air 
condition and the internal moisture and thermal loads. As air travels from outdoors, 
cooling in a cooling coil may cause both cooling and condensation and thus a 
decrease of the temperature and supply air humidity ratio. Heating the air in a heating 
coil will increase the supply air temperature but will not affect the humidity ratio. 
Therefore, the humidity ratio of the indoor air is only affected by the climatisation in 
the HVAC system during time steps with cooling. 
 
Knowledge of indoor air humidity and thus the supply air humidity ratio is necessary 
to calculate the Mould Index (Ojanen et al. 2010). The Mould Index estimates the 
extent of mould growth, and calculation of the index is described in section Model to 
calculate the Mould Index. Elmahdy et al. (1977) (cited in Tashtoush et al. 2005) 
suggested a transient model of a chilled-water coil, which calculates the air 
temperature and humidity ratio after the coil as a function of the supply water 
temperature. This model is used in the DST to determine the supply air condition in 
ventilation systems with a cooling coil. No option for reheat of the supply air after the 
cooling coil has yet been implemented. 
 
As the supply air condition is used in the calculations, but not as an outcome, 
calculations with this part of the module are not shown. 
 

Results – case building (Partly visible to the DST-user): 

 

Status quo 

Yearly average temperature, occupied time: 22.1oC 

Yearly minimum temperature, occupied time: 18.0oC 

Yearly maximum temperature, occupied time: 33.2oC 

 

After improvement of the building envelope and the building services 

Yearly average temperature, occupied time: 21.6oC 

Yearly minimum temperature, occupied time: 18.0oC 

Yearly maximum temperature, occupied time: 31.7oC 

Cooling energy demand: 3 kWh/m2 

Fan power: 15.0 kWh/m2 
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Model of human generation of heat, moisture and CO2 
Indoors, humans are significant sources of heat, moisture and air pollution. The 
amount generated of these components depends on occupant surface area and 
activity level and several secondary variables, including diet (ISO 8996 2004, ASTM 
D6245-98 2002). Air pollution generated by occupants includes a wide range of 
compounds, which are generally difficult to quantify. One exception is carbon dioxide, 
typically used as a proxy for the air pollution generated by humans. The carbon dioxide 
concentration in occupied spaces expresses a balance between the occupancy and 
the amount of ventilation. Knowledge of the CO2 production by humans is commonly 
used to design the required ventilation of buildings. The indoor module estimates heat 
and moisture generated by humans based on knowledge of activity level and size. 

 

Model to calculate the Mould Index 
Mould on surfaces may indicate too high indoor air humidity or entrainment of water 
through leaks in the building envelope. When the growth is in contact with indoor air, 
mould can affect the air quality and thus the occupants when they inhale mould spores 
released from the surface. 
 
Hukka and Viitanen (1998) suggested a Mould Index quantifying mould growth in 
buildings. Initially, the Mould Index model was a mathematical expression to calculate 
the development of mould growth on the surface of wooden samples exposed to 
fluctuating temperature and humidity conditions. Further development allows 
prediction for other materials based on their sensitivity class (Ojanen et al. 2010). In 
the model, mould growth depends on suitable exposure conditions before microbial 
growth will start. For very sensitive materials (e.g. wood), critical relative air humidity 
of around 80% is considered the lowest possible to allow growth during a long 
exposure time, usually months (Ojanen et al. 2010). More resistant materials require 
higher air humidities or longer exposure durations for mould growth to occur. 
 
The Mould Index is classified as shown in Table 1. 
 
Table 1. Mould Index classifications (Ojanen et al. 2010). 

Mould 
Index 

Description of growth rate 

0 No growth 

1 Small amounts of mould on a surface (microscope), initial stages of 
local growth 

Results – case building assuming 1500 students and 100 teachers.  

Heat generation rate: 149.6 kW 

Moisture generation rate: 62.8 L/h 

CO2 generation rate: 22 m3/h 

The listed generation rates assume that pupils are from the 5th grade (middle 

grade), have sedentary activity, and that teachers have an activity level 

corresponding to 1.6 met (93 W/m2 surface area). 
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2 Several local mould growth colonies on a surface (microscope) 

3 Visual findings of mould on a surface, < 10% coverage or < 50% 
coverage in a microscope 

4 Visual findings of mould on a surface, 10% - 50% coverage, or > 50% 
coverage in a microscope 

5 Plenty of growth on a surface, > 50% coverage (visual) 

6 Heavy and tight growth, coverage about 100% 

 
 
Table 2 shows typical building materials and their corresponding mould growth 
sensitivity class. 
 
Table 2. Building materials and their corresponding sensitivity class (Ojanen et al. 
2010). 

Material Sensitivity class 

Pine sapwood Very sensitive 

Glued wooden boards, PUR with a paper 
surface, spruce 

Sensitive 

Concrete, aerated and cellular concrete, 
glass wool, polyester wool 

Medium resistant 

PUR with polished surface Resistant 

 
During periods when conditions are unfavourable for growth, existing mould on 
surfaces will degrade. The indoor module simulates hourly values of temperature and 
relative air humidity, which are first examined to indicate in all time steps if it is in a 
growth or decay period. Then the progression of the Mould Index is estimated. 

 

Classification of the indoor environment 
Indoor environment standards suggest quality categories for ranges of temperature, 
CO2 concentration and ventilation rate in different building typologies (e.g. ISO 17772-
2 2018; DS/EN 16798-1 2019). The indoor module uses the percentage of time the 
temperature or CO2 concentration belongs to a particular quality category to quantify 
impacts on occupant performance and illness absence. At this stage of EERAdata, 
comfort is not included in the evaluation. As an example, Table 3 shows quality 
categories for temperature and CO2 concentration associated with the different quality 
categories for classrooms. Standards contain similar criteria to the indoor environment 
in other building typologies. 
 
 
 

Results – case building assuming 1500 students and 100 teachers.  

With the assumed use pattern, moisture load and one-sided natural ventilation by 
window opening, which yields the lowest air change rate and therefore the most 
critical condition, the predicted mould index is generally 0 or marginally higher than 
0 indicating that mould growth is not a concern.  
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Table 3. Quality categories for classrooms for temperature and CO2 concentration 
(DS/EN 16798-1 2019). 

Quality 
category 

Temperature range for 
heating (winter)* 

 
(oC) 

Temperature range 
for cooling 
(summer)* 

(oC) 

CO2 concentration 
 
 

(ppm) 

I 21-23 23.5-25.5 <950 

II 20-21 and 23-24 23-23.5 and 25.5-26 1200 

III 19-20 and 24-25 22-23 and 26-27 1350 

IV 17-19 and 25-26 21-22 and 27-28 1350 

*Temperature ranges summer and winter are different due to differing clothing 
insulation 
 
The quality categories address different levels of expectation from high to low. 
Category I (high level of expectation) targets occupants with special needs such as 
children, the elderly, or persons with disabilities. Category II (medium level of 
expectation) targets levels normally used to design and operate buildings. Category 
III (moderate level of expectation) provides an acceptable environment with some risk 
of reduced performance of the occupants. Category IV (low level of expectation) 
should only be used during short periods of the year or in spaces with very short 
duration occupancy (DS/EN 16798-1 2019). In buildings with deplorable conditions, 
the indoor environment may even be outside the four categories 
 
As an example of how the quality classes are applied, the CO2 concentration in a 
classroom may be in category I during 50% of the year, 30% in category II, 10% in 
category III and 10% in category IV. The most significant benefit of upgrading the 
indoor environment can then be achieved if the renovation pushes the distribution of 
an indoor environment parameter to be in category I during 100% of the occupied time.  
 
The following sections will describe exposure-response relations between the indoor 
environment and occupant performance and absenteeism. Based on the simulations 
of temperatures and CO2 concentrations before and after renovation, these relations 
are then used to determine the input to the socio-economic evaluations. Currently, in 
the DST, the calculations have been implemented for pupils and teachers in schools, 
but similar approaches will be suggested for offices and dwellings. The following 
describes the implemented relations between the classroom environment and the 
performance of schoolwork and absence from school. 
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Results – case building (Visible to the DST user) 

 
The distributions below show the pecentage of the occupied time when the 
operative temperature and the CO2 concentration belong to the applied quality 
category intervals. 
 
Before renovation: 
 

Quality 
category 

I II III IV Outside 
category 

CO2 
concentration 
range (ppm) 

<950 950-1200 1200-1350 1350-1750 >1750 

Percentage 
occupied time 

in quality 
category (%) 

12.7 17.1 13.2 33.9 23.2 

 
Quality 

category 
I II III IV Outside 

category 

Temperature 
range (oC) 

21-23 23-24 24-25 25-26 >26 

Percentage 
occupied time 

in quality 
category (%) 

74.1 6.2 6.0 4.1 9.7 

 

 After renovation of the building envelope and the building services 
 

Quality 
category 

I II III IV Outside 
category 

CO2 
concentration 
range (ppm) 

<950 950-1200 1200-1350 1350-1750 >1750 

Percentage 
occupied time 

in quality 
category (%) 

100 0 0 0 0 

 
Quality 

category 
I II III IV Outside 

category 

Temperature 
range (oC) 

21-23 23-24 24-25 25-26 >26 

Percentage 
occupied time 

in quality 
category (%) 

76.3 5.3 5.0 8.7 4.8 
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Associations between CO2-concentration and pupil performance 
and illness absence 
Based on a meta-analysis of air quality and learning in schools, Wargocki et al. (2020) 
suggested a relationship between the classroom air quality and the speed and 
accuracy of schoolwork (Fehler! Verweisquelle konnte nicht gefunden werden.). 
The studies included in the analysis had few or no observations of CO2 concentrations 
below 900 ppm. Therefore, it is assumed that maximum performance is reached at a 
CO2 concentration at 900 ppm or below. Likewise, an upper cut-off is reached at 2000 
ppm, at which no further performance decrement will appear at even higher CO2 
concentrations. 
 

 
Figure 6. Association between classroom CO2 concentration and the performance of 

schoolwork (Wargocki et al. 2020). The colours in the figure indicate the indoor 
environment quality categories. 

 
Based on observations in elementary school classrooms, Mendell et al. (2013) 
determined a 1-1.5% decrease in illness absence for 1 L/(s person) increase of the 
ventilation rate in the interval 7 L/(s person) to 15 L/(s person). Likewise, Gaihre et al. 
(2013) observed a 0.2% lower attendance at school for each 100 ppm increase of the 
CO2-concentration, while Shendell et al. (2003) found 0.5-0.9% lower attendance 
when the CO2-concentration increased by 1000 ppm. Figure 7 shows an association 
between classroom CO2-concentration and illness absence based on a simple 
arithmetic average of the observations in these three studies. 
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Figure 7. Association between classroom CO2-concentration and presence at school 

(absence = 100% - percentage of presence). The colours in the figure indicate the 
indoor environment quality categories. 

 
Table 4 quantifies the loss of performance and increased absence from school due to 
poor classroom air quality. The standard indoor environment quality categories were 
modified slightly to distinguish between categories III and IV. Category III then spans 
the interval 1200 ppm to 1350 ppm and category IV the interval 1350 ppm to 1750 
ppm. Performance and illness absence representing a quality category were 
determined from Figure 6 and Figure 7 for the average CO2-concentration of the 
interval. CO2-concentrations below 950 ppm correspond to 100% performance and 
attendance (100% - absence) and concentrations above 1750 ppm (outside category) 
to 85% performance and 95% attendance.  
 
Table 4. Estimated performance and illness absence attributable to CO2-
concentrations in different quality categories.  
Category Category limit 

 
 
 

[ppm]* 

Average 
concentration in 

interval 
 

[ppm] 

Performance 
 
 
 

[%] 

Attendance 
 
 
 

[%] 

I 950  100 100 

II 1200 1025 96 98 

III 1350 1475 90.5 97 

IV 1750 1750** 85.7 96 

Outside category >1750  85 95 

*ppm – parts per million 
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**The concentration applied for this quality category does not represent the average but the upper 
interval limit. 

Association between the classroom CO2-concentration and teacher 
illness absence 
Only very few studies focused on quantifying the effect of the classroom environment 
and ventilation on teacher absence. Therefore, teacher absence was estimated from 
available data from one American study among office employees (Milton et al. 2000). 
The study found that short-term illness absence attributable to ventilation was reduced 
by 35% when the ventilation rate increased from 12 L/(s person) to 24 L/(s person). 
However, even the minimum ventilation rate of 12 L/(s person) observed by Milton et 
al. was higher than in most schools. As the influence of ventilation on illness absence 
presumably is higher at lower ventilation rates, the data from Milton et al.'s study was 
extrapolated to representative classroom conditions, even though extrapolation may 
add extra uncertainty. Therefore, an exponential association between the ventilation 
rate and illness absence was estimated, as shown in Figure 8.  

 
Figure 8. Association between classroom ventilation rate and teacher illness 

absence (dashed segment indicates extrapolation). 
 

Results – case building (Not visible to the DST user) 

 

 Average annual 
pupil performance 
decrement due the 

classroom air 
quality 

 
(%) 

Annual number of 
sick days per pupil 

due to the 
classroom air 

quality 
 

(days) 

Before renovation 91 2.2 

After renovation of the envelope 
and the building services  

100 0 
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Table 5 estimates teacher illness absence in the applied quality categories. The 
figures in the table indicate that teachers' illness absence depends less on the 
ventilation rate than does pupils', which is well-aligned with the hypothesis that 
children are more susceptible to air quality exposures than adults.  
 
Table 5. Estimated teacher illness absence attributable to ventilation rate (Milton et 

al. 2000). 

Category Ventilation rate 
 

(L/(s per person)) 

Attendance 
 

(%) 

Difference in absence* 
 

(days per school year)* 

I 12 100 0 

II 8,4 99,2 1.5 

III 4,8 99 0.4 

IV 3,1 98,9 0.2 

*At 200 school days per year 

 

Association between classroom temperature and pupil performance 
A recent meta-analysis identified 18 studies that examined associations between 
temperature and pupil performance (Wargocki et al. 2019). Based on nine of these 
studies, Wargocki et al. quantified the effect of temperature on pupil performance and 
learning, as shown in Figure 9. 

Results – case building (Not visible to DST users) 

 

 Annual number of 
sick days per 

teacher due to the 
classroom air 

quality 
(days) 

Before renovation 1.8 

After renovation of the envelope 
and the building services  

0 
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Figure 9. Association between classroom temperature and the performance of 
schoolwork (Wargocki et al. 2019). The colours in the figure indicate the indoor 

environment quality categories. 
 
Whereas the association between the classroom CO2-concentration and pupil 
performance is unipolar (increasing CO2-concentration causes reduced performance), 
the association between temperature and performance is bipolar; increasing and 
decreasing temperature may cause reduced performance. Also, the level of clothing 
insulation may influence how temperature affects performance. Standards suggest a 
clothing insulation of 0.5 clo for the cooling season and 1.0 clo for the heating season. 
Therefore, the calculation had to consider if the temperature in a time step was in the 
heating or cooling season.  
 
According to Figure 9, maximum performance is attained at temperatures between 
20oC and 21oC, which is below the highest temperature quality category even during 
the heating season. To simplify the calculation, the temperature effect on performance 
was estimated at the outset in the highest quality category for winter. It then used the 
average of the winter temperature intervals to estimate performance decrement at 
increasing temperatures. The current day in the time step belongs to the cooling 
season if the running mean temperature of the seven previous days is higher than 
15oC (DS/EN 16798-1 2019). Otherwise, the day is included in the heating season.  
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Scheme for calculation of socio-economic benefits of an improved 
indoor environment 

The model for evaluating the socio-economic outcome of upgrading the indoor 
environment in schools builds on associations between learning and marks, learning 
and choice of education, and learning and salary level. The model is described in detail 
in Madsen et al. (2019), but the main assumptions and elements are summarised in 
this section. 
 
The model is built on the positive association between pupils' learning performance 
and improved indoor environment and assumes that higher pupil performance in 
school will lead to a higher salary later in life. 
 
Some studies indicate a relation between increased teaching hours and better marks 
(Bingley et al. 2018, Huebener et al. 2017, Aucejo and Romano 2016). Increasing 
teaching hours by reducing absence may provide the highest benefit, although this 
result is not conclusive. As a simplification, it is therefore assumed that the magnitude 
of the effect on pupil performance of the improved indoor environment is equivalent to 
an increase of the number of teaching hours, i.e. that 5% higher learning performance 
is equivalent to 5% more teaching hours. 
 
Several studies indicate that education choice depends on school grades (DEA 2015, 
DEA 2016, Produktivitetskommisionen 2013, Hvidtfeldt and Tranæs 2013). For 
example, the likelihood of completing high school was significantly higher among 
pupils with an average mark of 7 (Danish scale) in Danish and Math in 9th grade 
compared with pupils with an average mark below 2 (DEA 2015). Despite these 
findings, the analyses do not permit evaluation of how increased learning performance 
and higher marks affect the choice of education.  
 
More robust knowledge is available to assess how increased duration of education will 
affect income later in life. Several studies estimated the increase in income as a result 
of an additinoal school year (Bhuller et al. 2014; Angrist et al. 1991; Grenet 2013; 
Pischke 2007; Ashenfetter and Krüger 1994). Estimates ranged from 0 to 16%. The 
calculations in the indoor environment module use a conservative estimate of 2% 
increased income corresponding to a marginal additional year's schooling. 
 

Results – case building (Not visible to DST users) 

 

 Average annual pupil 
performance due to the 
classroom temperature 

 
(%) 

Before renovation 91 

After renovation of the envelope and the 
building services  

92 
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Input to calculate the socio-economic value of upgrading the indoor environment in a 
school comprises the annual distribution during the occupied hours (school hours) of 
operative temperature and CO2 concentration in the indoor environment quality 
categories. Then, based on the associations between these parameters and the 
performance of pupils and illness absence for pupils and teachers, the economic value 
of upgrading the indoor environment is estimated. 
 
The calculations require as input population average salary and the average salary for 
teachers, the number of work hours per day and number of workdays per year and 
that teachers spend a certain percentage of their workday in the upgraded classrooms. 
It is assumed that a specific rate (80% by default) of the teaching occurs in classrooms 
with an upgraded indoor environment and that a percentage of learning (10% by 
default) occurs in other settings, e.g. at home. 
 

Calculation of Net Present Value of better indoor environment in 
school 
Net Present Value (NPV) is determined for one pupil who spends nine years in an 
improved classroom environment. The pupil is assumed to have 50 years on the 
labour market after a latency period of five years from leaving primary school until 
entry to the labour market. The intermediate time is considered spent on further 
education. 
 
NPV for pupils in a school that receives an indoor environment upgrade comprises the 
effect during the typical life span of, e.g. a ventilation system or other building 
upgrades (20 years by default). The NPV includes all pupils attending the school 
during the service life of the upgrade and their increased income during their time on 
the labour market. The oldest pupils will benefit from the upgrade between one to eight 
years. Therefore, the benefit for them is weighed 1/9 per year they spend at the school 
after the upgrade was carried through. Other inputs to the calculations comprise 
average growth in real wages and adjustment of gains according to the discount rate. 
 
Reduced illness absence among pupils will increase parents' labour supply due to 
fewer days at home to care for an ill child. It is assumed that only pupils from 0th to 
6th grades need adult care when sick and that illness is evenly distributed among all 
grades. Thus, 66% of all absence is assumed to result in an adult being absent from 
the labour market. In addition, some parents are unemployed or not in the labour 
market for other reasons. For Denmark in 2017 and converted to equivalent full-time 
employment, this amounted to 48% of the population aged 24 to 49 years (Statistics 
Denmark 2020). Also, some pupils are cared for by persons not affiliated with the 
labour market (e.g. retired grandparents), by parents working flexible hours or by 
parents who can work while caring for the ill child. No statistics are available that 
describe this, and it is thus assumed that 10% of pupil absence will not affect the 
labour market. Altogether, this input and these assumptions imply that by default, 31% 
of the pupil absence days will result in an adult being unavailable to the labour market. 
Tax rates can be used to divide socio-economic benefits between state, municipality 
and citizen.  
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The calculated total NPV is subdivided into four categories of benefits: NPV of reduced 
illness absence among pupils accumulates the costs of caring for ill pupils; NPV of 
reduced illness absence among teachers quantifies the direct gains of reduced 
teacher absence; NPV of higher learning performance quantifies the direct gains of 
better learning while in school, and NPV of higher learning performance due to 
reduced absence valuates that pupils with higher presence in school learn more and 
thus have a higher income later in life. 
 

Results case building 
 
Indoor environment 
 

Results – case building (visible to DST user) 

 
 Before 

renovation 
After renovation of the 

envelope and building services 

NPV of reduced illness absence among 
pupils (M€) 

- 1.95 

NPV of reduced illness absence among 
teachers (M€) 

- 0.18 

NPV of higher learning performance due to 
better indoor environment while in school 
(M€) 

- 2.04 

NPV of higher learning performance due to 
reduced absence from school (M€) 

- 0.29 

Total NPV (M€) - 4.46 
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Limitations of the indoor environment module 
Estimations with the indoor environment module consider a building as being only one 
large zone, i.e. solar loads from different directions or spatially different internal heat 
gains or other loads are not accounted for. The window area is equally distributed on 
all facades, and it is not possible to specify the location or dimensions of individual 
windows. 
 
No dedicated control system has yet been implemented. This means that there is no 
central control for adjusting heating, cooling, solar shading, or ventilation. The heating 
and cooling needs are quantified based on the temperature in the free-running building 
without heating or cooling, which is a rather crude approximation. The use of solar 
shading or ventilation cannot be modulated, as may be the case in actual buildings. 
Also, estimation of the supply air condition with a ventilation system is very simplified. 
The use schedule for occupancy, window opening, operation of the ventilation system, 
etc., is of utmost importance for the outcome of the simulations. Only one use schedule 
for a virtual school is available, but a more flexible option for user-defined schedules 
will be developed. 
 
Currently, socio-economic estimations apply only to school settings, but work 
continues to expand the module to other building typologies, including offices and 
residential. Despite these limitations and shortcomings, the module enables simplified 
and transparent dynamic predictions by non-expert users. Therefore, it is feasible for 
implementation in an open access, online calculation tool. Limitations of the individual 
models included in the indoor environment module are described in Toftum et al. 
(2021). 
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8 Socio-economic assessment 
 
All information, graphs and data in this chapter are based on an unpublished 
dissertation of Botzler (2022) at the Technical University Munich. More details on the 
methodology can be found to more extent in the related thesis document. 
 

Principles of socio-economic assessment  
The socio-economic module combines several outputs of the other modules integrated 

in the EERAdata DST. Other than in the “Energy Demand”, “Life Cycle Assessment”, 

“Indoor Climate” or “Supply Side” module it is not generating or calculating new values. 

 

Figure 10. The integration of socio-economic assessment in the EERAdata tool. 
 

The methodological approach introduces a completely new way of modelling and 

analysis to the world of building energy efficiency. Derived from risk analysis models, 

like flood or wild-fire prediction, a concept was chosen that can analyse complex 

situations with a limited amount of available data and a high amount of uncertainty. 

This situation is given in the most public building databases as well as in the impact of 

energy efficiency interventions. The chosen approach uses the Bayes’ theorem to 

create a Bayesian network, incorporating scientific sources (e.g. for the assessment 

of potential job creation), statistical data, expert knowledge and current, real data 

input. A significant benefit of this approach is the full transparency for decision makers, 

the guaranteed function also with very low data input and the ability to react 

dynamically and holistically on new data input, e.g. evidence, new analysis or changed 

elements on the building.  

 

The modelling comprises one complex network of which the centre is built by the 

applied energy efficiency measures as a trigger for all further assessment and impacts. 

From this core several child and subnetworks were created which evaluate the impact 

of the energy efficiency measures in the following main topics (see figure 12): 

- Emission reduction 

- Emission cost reduction 
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- Job Creation 

- Tax returns 

- Energy cost 

- Fuel poverty 

Other socio-economic assessments are performed in the indoor-climate module, 

described in chapter 7.  

The chosen methodology allows to extend and minimise the network structure without 

much extra effort. Thus, new topics can be integrated seamlessly. A more extensive 

but also more theoretical version of the model is to find in the PhD thesis of Botzler 

(2022).  

The whole module is data driven (Figure 11) meaning that the main programming and 

calculation elements are based on statistically assessed datasets, creating probability 

distributions and combining these distributions into the causal network. This reduces 

the programming work but demanded a comprehensive definition work to establish 

socio-economic database and hard-coded dependency matrices.  

The following chapter will briefly describe the underlying principles of Bayesian 

Network modelling and probability theory before highlighting each assessed topic in 

detail, showing the technical modelling schemes and detailing the main data-nodes, 

dependencies between datasets, data sources and statistical baselines.  

After each topic the results for the case study building are shown and classified. A 

focus here lies in the cost-benefit assessment, particularly on the monetary benefits 

for municipalities and public project owners.  

For in-depth mathematical or programming explanations and descriptions please see 

the deliverables D3.3 and D3.5. For insights into the data and the potential of this 

approach to model socio-economic topics please see deliverable D2.5, the catalogue 

of socio-economic indicators. 



  
 

 

Figure 11. The socio-economic assessment model, including the effects of building renovation with all related sub-models 



 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme 
under grant agreement No 847101. The contents of this publication are the sole responsibility of the authors 
and can in no way be taken to reflect the views of the European Commission. 

 
 

The logic of the module 
A Bayesian network is a causal network. That means the occurrence of one event 

triggers follow-up events, depicted as nodes. Thus, the occurrence of a renovation 

measure like added insulation on the external walls triggers follow-up events, e.g., the 

reduced heat loss, as a consequence of less heat transfer due to a thicker insulation. 

The desired effect is highly dependent on the quality of the existing building and the 

selected renovation measure. Since, in most of the cases, the exact status of the 

assessed building as well as the determining parameters is not clear, the effects of 

the implemented measures are as well uncertain (e.g. the heat loss trough the external 

walls of the assessed building in not known, thus the improvement of it is also 

uncertain). The used Bayesian network introduces a probability that indicates the 

success of a measure, given imprecise data or only statistical information. This makes 

the estimation process more transparent and open for users than only providing linear 

results. Another benefit of this approach is that in case a decision maker has made a 

decision in the planning process, or a planner or technical expert gained new evidence 

or the calculations find an updated data situation, the Bayesian Network model will 

update all modelling steps automatically and the results will be adjusted. By entering 

new evidence, for example the exact heat loss of external walls before the renovation, 

the results will be also more precise. This information is then shown directly in the 

network and the outputs.  

From programming or mathematical perspective, the Bayesian Network is a network 

based on causal chains between certain events and their environment. One event 

triggers another event with a certain probability and the impact of these events are 

determined by certain conditions which may contain also probability distributions on 

the circumstances of a specific location for example. Outputs are then represented by 

utilities, which are combined probabilities for which the expected value is calculated.   

Figure 12 shows the different elements of the Bayesian network, before the same 

scheme is adopted to the actual topics and filled with example nodes. A detailed 

description of each element and the related codes is to find in deliverable D3.5 of the 

EERAdata project.   
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Figure 12. The programmed elements of the Socio-economic Module 
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End-User Requirements and Limitations 
The socio-economic sub-model proposes a probability and knowledge-based way to 
quantify and assess socio-economic effects of building energy efficiency. It is the first 
time a Bayesian Network approach was used in this context. The results and the 
usability however indicate that it is a step in the right direction, and it should be 
further elaborated.  
 
The model is data and knowledge based and contains no own simulation or 
calculation elements. Thus, the better the underlying database and knowledge of the 
modeller, the better and more precise are the results. The quality of each topic in the 
module varies with the quality of assessed data. However, the model was created for 
uncertain data situations and by inputting more data while using the EERAdata DST, 
the model will improve itself.  
 
Additional topics can be added to the network structure without extra effort and 
further sub-topics are already planned to be integrated (e.g., the assessment of 
asset values or maintenance savings through updated building technology). An 
expert User in the DST can easy change parameters and add more knowledge into 
the system.  
 

Limitations 
A limitation within the current state of the model is the lack of data in some topics 
(e.g. fuel poverty, Particulate matter, etc) and some aspects which had to be 
sacrificed due to the simplification of complex social dependencies. However 
additional information can always be added, and the authors expect an increasing 
detail in the next iteration of the module.  
 
Another, technical limitation is the absence of time as an calculated dimension. The 
only time component yet implemented are the states pre and post renovation. A 
transfer of the current state into a Dynamic Bayesian Network could improve this and 
allow for time-based estimates.  
 
Whilst the data for the socio-economic module can be exchanged and improved, the 
overall structure, the weighting of nodes to each other as well as calculation 
algorithms for the final results and utilities is hard coded in the EERAdata DST. 
Thus, the user can’t change the network parameters. However, in the deliverable 
D3.5 and D3.3 all functions are explained and would allow an adjustment trough 
changing the code.   
 

Data requirements 
Minimum data requirements 
The following minimum data has to be integrated into the network. Without this data 
it would not produce any results.  
 

Parameter Sub-Module 

Country (location of assessment) All modules 

Location of building (urban, rural) Tax return module 
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Desired data Input 
Desired data should be integrated into the network to increase the quality and 
specific fit of the results to the assessment location and the assessed building. The 
data in this list is not always available but within EERAdata, the information was 
integrated. For buildings on which energy audits or certification procedures have 
already been conducted, this data should be widely available within municipalities 
and regions. Local and regional energy agencies are a good source for these 
datasets and the necessary knowledge.  
 

Parameter Sub-Module 

Building size All modules 

Building use All modules  

Electricity consumption All modules 

Heating energy consumption All modules 

Energy efficiency measures All modules 

Expected energy savings All modules 

Investment cost €/m² All modules 

Investment cost sum per Building All modules 

 
Refining data Input 
Improving data can be loaded into the model to refine results and improve it even 
more regarding the assessed building and location. This data is hard to gather and 
should be collected by an expert. In EERAdata it is assumed that this data is not 
broadly available within municipalities.  
 

Parameter Sub-Module 

Energy source(s) electricity  Emissions and energy cost 

Energy source(s) heating Emissions and energy cost 

CO2 emissions per kWh Emissions and energy cost 

Particulate matter emissions per 
kWh 

Emissions and energy cost 

CO2 Tax cost  CO2 cost assessment 

CO2 ETS cost CO2 cost assessment 

Income tax share by country Tax returns 

Tax rate of assessment Tax returns 

Company types Tax returns 

Regional contracting Job creation, Tax returns 

Number of construction related 
companies 

Job creation, Tax returns 

Labour cost  Job creation 

Unemployment rate Job creation 

Heating energy cost /kWh All Modules 

Electricity cost All modules 

Household electricity consumption 
kWh/year 

Fuel Poverty 

Household heating energy 
consumption 

Fuel Poverty 

Household income Fuel Poverty 

Poverty threshold per household Fuel Poverty 
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The rest of datasets, dependencies, calculation algorithms are hard-coded in the 
EERAdata DST. Details are to find in Deliverable 3.5. and in the EERAdata DST 
handbook.  
 

User Input and Action 
The simple user of the EERAdata DST has not many options to change parameters 
or add information. The Expert-User however, can modify and upload values which 
specifies the calculations modules even more. An even more expert user could tweak 
also the code or the network characteristics of the socio-economic module. The basic 
layout will remain but weightings and dependencies can be changed with a low amount 
of effort. The following user actions have been identified: 
 

- Update information: all nodes of the socio-economic Bayesian Network rely 
on predefined probability distributions. That means without adding 
information, the network will calculate with the most probable values for the 
selected location. Important information like the building size, etc are not 
needed to perform the assessment but the results will be rather varied to the 
real building results. The user therefore should integrate information to the 
model. This is done by the overall EERAdata DST data input (e.g., Building 
information, Location information etc.) but can also be done specifically 
through updating parameters for the socio-economic module. This information 
is more specific but will improve the overall result. The network was built to 
seamlessly integrate new evidence in existing nodes.   
 

- Upgrade network and change parameters: Based on the newly integrated 
evidence or information, the network will be recalculated, and all existing 
probabilities will be adjusted to this state. An experienced user will also be 
able to change the probability functions or the weightings and relations each 
node has to other nodes, also through a reupload of the parameter list.  
 

- Possibility of reverse progression: A Bayesian Network has the possibility 
and the advantage to calculate reverse. That means that if the user integrated 
new information into a child node (e.g., the tax rate of assessment) then the 
parent node will be updated as well (e.g. the probability that the building is in 
an urban or rural area). The user can therefore perform reverse progressions 
and can create meta-results that can update the user database vice-versa.  
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Sub-modules and case study results per module 
 

Job Creation 
Description: The topic of employment benefits is an important topic in multiple 
publications which are discussing the socio-economic benefits of energy efficiency 
measures. In the recent years several studies and scientific models were published 
which are estimating the amount of jobs Full Time Equivalents (FTE) for a certain 
investment (mostly 1 Million €) in energy efficiency, also building specific. A limitation 
of these publications is to find in the scale: the results are presented on theoretical, 
national or international level, which makes it difficult to apply it on a real project of a 
small municipality for example. The presented sub-module is transferring this 
knowledge on a local level.  
 
Method: The authors analysed more than 40 studies and scientific models to identify 
parameters which determine the possibility of jobs being created in a specific location, 
like the presence of construction related companies, the labour cost level, etc. In the 
Bayesian Network the probabilities of these “local conditions” are combined to adapt 
the results from the analysed studies on the municipality which performs the 
assessment. As an example: the average number of jobs that can be created through 
EE investment in an eastern European state has as between estimated as 17 and 42 
jobs per 1 million € invested. These numbers were derived from 5 studies in the area. 
For the case study building in Velenje the following local conditions were considered 
(see figure 14) to adjust these numbers to the real situation on site:  
 

- Regional contracting: if the project investment will be contracted on a local, 
regional, national or international level. With the project sum of -236,395.20 it 
is indicated in the module that it is very likely that the contracting activities will 
happen locally or regionally which keeps the investment sum in the area and 
therefore is increasing the probability of local job creation through the energy-
efficiency project. 
 

- Number of Companies: The most probable number of companies per 1000 
inhabitants is derived from several statistical sources on a detail level of NUT2. 
The more construction related companies are present the higher the possibility 
to create jobs in the region/ municipality.  
 

- Labour cost: the assessed studies showed a clear correlation (between 68% 
and 70%) between the level of labour cost and the amount of jobs created in 
the assessment location. The lower the labour cost the higher the chance of an 
increased number of jobs.  

 
- Unemployment rates: Current unemployment rates can be obtained on NUTS 

3 level for all European countries. In the presented model averages were built 
for the EERAdata regions and the influence of unemployment on the amount of 
jobs created was defined as a linear condition. If no unemployment in the 
construction sector would occur in the assessment location, no or much less 
jobs would be created through investment in the region. From there a direct 
dependency was created.  
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After applying these conditional probabilities to the results of the scientific studies and 
adjustment to the location has been performed which led to 20.8 jobs created per 1 
Million € invested or 13.9 jobs related to the project sum. The last, linear calculation 
path is to derive the types of jobs created from this number. This was done by applying 
fixed rates which were derived from the C40 Urban Climate Action Impacts Framework 
(C40 2018): Number of induced jobs (15%), Number of direct jobs (33%), Number of 
indirect jobs (52%).  
 
Outputs: Outputs in Bayesian Network modelling are so-called utilities which 
represent the single or combined expected value of their probability-based parent 
nodes (for detailed calculations see deliverable D3.3 and D3.5). In the EERAdata 
model, these usually represent the end of a causal chain and a final result. Utilities 
can also contain calculations which process the expected value or combine several 
expected values with a different weighting. In the job creation example, this can be 
seen in the node “Number of Jobs created” in which the probabilities distribution of the 
total investment sum of the project is combined with the probability sum of the 
Renovation jobs multiplier. For both expected values the weighting is predefined and 
get recalculated with updated user input.  The number of jobs are the results of the 
sub model. However, these results get further processed to determine the amount of 
unemployment spending that could be saved through the creation of new jobs.  
 

- Reduced unemployment spending: This output is processing the number of 
jobs created and estimates the amount of unemployment spending that is 
saved through these new positions. It is a linear calculation based on the 
unemployment spending statistics of several studies from Germany. The cost 
was adjusted through purchase power parity factors.  
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Figure 13. Calculation scheme for job creation assessment. 

 
Data sources 

Node Description / 
Assumptions 

Input Data sources 

Country of 
assessment 

The country or location in 
which the project is conducted 
and assessed 

- Selection by 
coordinates 
of the 
assessed 
building 

- No data source 
necessary 

Application of EE 
Measures 

A predefined set of renovation 
measures, their cost and 
energy impact that can be 
applied by the user in the 
EERAdata DST 

- EERAdata 
renovation 
measures 
database 

- EDGE 2021 
- National Building 

codes 
- EERAdata  
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Cost of 
investment 

The estimated financial effort 
by the project owner for all 
energy efficiency related 
measures including labour 
costs that are applied to the 
assessed building. The cost of 
investment is expressed in € 
per m² net building area and 
the relative probability function 
in case no other input was 
provided 

- User input - EERAdata Cost 
Database 

- BKI 2019 
- BPIE 2011 
- BPIE 2014 
- BPIE 2015 
- Avelin et al 2017 
- Saheb et al 2013 

Investment sum The estimated investment sum 
is the multiplication of net 
building area with the cost of 
investment per m² 

User input with 
real 
investment 
sum 

- Calculated probability 
distribution  

Renovation jobs 
multiplier 

The multiplier defines the 
number of jobs created for 1 
Million € invested with a 
probability distribution with 
states from 5-10 jobs to above 
30 jobs per 1M€.  

No input 
foreseen 

- Pollin et al 2009 
- Ürge Vorsatz 2010 
- Gold et al 2011 
- Pollin 2009 
- Garrett-Peltier 2011 
- Kuckshinrichs et al 

2010 
- Scott et al 2008 
- Bezdek 2009 
- Ege et al 2009 
- Sundquist 2009 
- Hendricks et al 2009 
- ETUC 2008 
- UNEP 2008 
- L'Union Social pour 

l'Habitat 2011 
- Energy Efficiency 

Industrial Forum 2012 
- Green Jobs Initiative 

2012 
- Ürge-Vorsatz et al 

2010 
- Clausnitzer et al 2008 
- Clausnitzer et al 2010 
- Clausnitzer et al 2011 
- Diefenbach et al 2011 
- Diefenbach et al 2012 
- Staniaszek et al 2012 
- BPIE 2020 
- Vitale, Abbots 2020 
- Portillo Arregui et al 

2011 
- Esser 2019 
- Meijer 2012 
- Markaki 2013 
- Dominguez Arribas, 

L.E. et al 2015 

Regional 
Contracting 
 

Regional contracting is 
determining the scope of 
contracting for the project, it is 
defined with a probability 
distribution from Local to 
international contracting in a 
certain place 

User input if 
contracting 
regulations for 
project are 
known 

- Berglind 2018 
- European 

Commission 2014 
- BuildingRadar 2020 
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Nr of Companies 
 

Nr of companies in the 
assessment location per 1000 
inhabitants. The related 
probability distribution is 
derived from regional statistics. 

A real number 
of companies 
can be 
provided by 
the user 
directly 

- Eurostat 2018-2 
- Building radar 2020 

Labour Cost 
 

The labour cost implies yearly 
cost for labour in different 
fields of the construction 
sector. The probability 
distribution is derived from 
historical and regional 
statistics 

Not foreseen - Eurostat 2018-1 
- Eurostat 2020-1 

Unemployment 
rate 
 

The probability distribution of 
unemployment rates is based 
on regional statistics of the 
recent years 

Not foreseen Eurostat 2020-2 
EERAdata Survey 

Building net floor 
area 

Without better knowledge of 
the building size, the 
probability distribution is based 
on average building sizes of 
public buildings in the case 
study municipalities and based 
on averages from the 
EERAdata Building Database 

User input: the 
real size of the 
assessed 
building or 
buildings 

Tabula 2012,  
Statistics Denmark 2021 
 

 
Outputs and results for case study building 

The results of this submodule are calculated through the expected value of the parent 
probability nodes. The shown numbers are based on the case study building 
introduced in the beginning of this report. They are also based on the simple cost 
assessment performed in the Bayesian Network. By introducing the real cost from user 
side, these numbers can be easily extrapolated and adjusted.   
 

Estimated specific investment Cost / m² -102 € 

Estimated total investment Cost  -664.020 € 

 

Output/ Benefit Result 

Numbers of jobs created [Nr/ FTE] per 1 Million € 20,88 

Numbers of jobs created [Nr/ FTE] 13,87 

Number of induced jobs [Nr/ FTE] 2,08 

Number of direct jobs [Nr/ FTE] 4,58 

Number of indirect jobs [Nr/ FTE] 7,21 

Reduced unemployment spending (Slovenia) 237.229,00 € 
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Figure 14. Results for the case study building in the job creation submodule. 

 
 

Tax returns 
Description: Having a dedicated focus on municipalities and public authorities, the 
calculation of the return of investment can be extended to new topics which cannot be 
applied in the private sector. Besides the non-quantitative outputs like climate change 
goals or political targets, taxes are a common flow for the public budget. In this 
submodule, the tax returns from income and trade tax are assessed at the first time. 
The module therefore estimates the total investment sum and furthermore which parts 
of this investment are going to local or regional companies. Within these companies it 
is estimated which share is flowing into the company’s profit and employee income 
schemes.   
 
Method: Since no data or case studies are known in this regard the baseline and laws 
have been derived from several German studies and tax return distribution. Not all of 
the tax from energy efficiency investment is returned to the issuing municipality. There 
are defined rules and shares dedicated for trade and income tax. Each municipality 
can furthermore declare certain tax rates which define which share goes to the national 
budget and which share is returned to the municipal budget. These factors are 
integrated in the submodule and can be adjusted to local conditions when more 
information is available. It was assumed that the tax regulations in European countries 
are similar in this regard and the factors have been minimised to ease the scalability 
of the output. The following nodes are incorporating these parameters:  
 

- Company types: based on the statistical assessment of profit and wage 
shares it was identified that the type of company is a main factor that the 
determines the hight of the profit share from the total investment sum. Real 
estate or architectural/ engineering companies for example create more profit 
than manufacturing or construction companies. The average share was also 
adjusted on the specific countries and regions.  

 
- Profit rates per company: as mentioned above, the type of company is 

determining the share of profit in the most cases. These profit rates are also 
depending on the economic health of a company and the region in which the 
are located. In the current version of the model, the health is not reflected but 

13.868

2.08

4.576

7.211

NUMBERS OF JOBS CREATED

NUMBER OF INDUCED JOBS

NUMBER OF DIRECT JOBS

NUMBER OF INDIRECT JOBS
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the regional specialities are. It is assumed that the contract is given to healthy, 
performing companies. The data is derived from statistical and historical data.  

  
- Tax rate of assessment: The German tax law defines a tax rate of assessment 

(German: Hebesatz) which is set by the municipality itself. This tax rate 
determines the return share for the municipality from the overall trade tax. It is 
an equilibrium between the height of tax each company has to pay in the 
municipality and how much return the municipality can ask for themselves. 
Thus, richer more urban communities usually have higher tax rates (up to 500) 
then more rural areas. This circumstance was incorporated into the node’s 
probability function. In EERAdata all implementing partners are representing 
more urban areas but when buildings from rural municipalities are 
implemented, these are reflected in the calculations.  

 
- Regional contracting: Similar as for job creation, the probability for regional 

contracting determines the chance that the full investment sum stays in the 
region or municipality. This is influencing the probability for higher tax returns. 
This dependency is reflected in the module.  

 
- Number of Companies: Same as in the job creation module, also the presence 

of construction related companies is determining the tax returns. If there are no 
companies present in the area of assessment, the probability for a regional 
company to create profit out of local energy efficiency measures turns to zero. 

   
- Company wage share: Likewise, the profit shares, the wages share is highly 

dependent on the health and performance of a company and company related 
distribution factors. In order to reflect this in the module, a probability distribution 
was generated from average statistics on typical wages shares for employees 
in the construction sector.  
 

- Income tax share: The income tax share which is returning to the municipality 
budget is defined very linear. Each country has their own fixed shares for this 
process. Thus, the node is solely dependent on the location of assessment, 
which was programmed into the module.  

 
 
Outputs: After adding the case study building and location to the submodule, the 
result indicates a single time trade tax return of 2,468 €. The original output is given 
as a specific value in €/m², which was eventually multiplied with the case study building 
net floor area. This result seems low but is however changing due to the number of 
energy efficiency measures per year, the tax rate of assessment and the overall 
project sum. Having these factors in mind the overall return rate can have an 
significant height. Similar observations apply to the income tax return which is also 
calculated as a one-time benefit but in reality can last for several years.  The result for 
the case study building indicated an income tax return flow of 7,126 €. Same as the 
trade tax return, the original output is given as a specific value in €/m² and was 
multiplied by the net building floor area of the case study building.  
 
Output nodes which are calculated by using the expected value of the previous 
probability distributions are: 
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- Trade tax return: The trade tax return output is provided as a specific value as 

€/m². It basically calculated like the following:   
 
Profit * Basic federal rate * tax rate of assessment 
The result is calculated by combining the expected value of the probability 
distributions of the following conditional nodes:  

- Regional contracting (Nr) 
- Number of companies at assessment location 
- Tax rate of assessment 
- Profit rates per company 
- Cost of investment 

After generating the result, the outcome has to be multiplied with the real or 
estimated building size to generate a total tax return outcome.  
 

- Average taxable income: The average taxable income is also an expected 
value which is calculating its result as a specific output in €/m². It is combining 
the following probability distributions to determine the average taxable income 
per investment sum: 

- Income tax share 
- Company wage share 
- Investment sum 

 
- Income tax returns: This utility represents the final output of the income tax 

returns. At this version of the model it has a fixed share of 15% of income tax 
return from the average taxable income in €/m². This the output of the average 
taxable income utility gets multiplied by 0.15 to estimate the return to the 
municipality. The specific result has to be multiplied with the real or estimated 
size of the assessed building outside of the module.  
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Figure 15. Calculation scheme for tax return assessment. 
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Data sources 

Node Description Input Data sources 
Country of 
assessment 

The country or location in 
which the project is 
conducted and assessed 

Selection by 
coordinates of the 
assessed building 

No data source 
necessary 

Application of EE 
Measures 

A predefined set of 
renovation measures, their 
cost and energy impact that 
can be applied by the user in 
the EERAdata DST 

EERAdata 
renovation 
measures database 

- EDGE 2021 
- National Building 

codes 
- EERAdata database 

Cost of investment The estimated financial effort 
by the project owner for all 
energy efficiency related 
measures including labour 
cost, that are applied to the 
assessed building. The cost 
of investment is expressed in 
€ per m² net building area 
and the relative probability 
function in case no other 
input was provided 

User input - EERAdata Cost 
Database 

- BKI 2019 
- BPIE 2011 
- BPIE 2014 
- BPIE 2015 
- Avelin et al 2017 
- Saheb et al 2013 

Income tax share The node is represented by 
an probability distribution 
based on the average total 
income tax shares by each 
country.  

User input: real tax 
share at location 

- Mrosk 2018 
- Schulte 2008 
- Eurostat 2018-3 

Company wages 
share from sales  

The data for this node is 
estimated by average 
company wage shares from 
different company types in 
different locations 

Not foreseen - Hillebrand-Saponar 
2020  

Company types The presence of various 
types of companies varies 
from location to location. The 
probability distribution is 
based on current statistics for 
countries and regions 

Not foreseen - EU Construction 
sector observatory 
2019 

Profit rates per 
company 
 

The data for this node is is 
based on Eurostat statistics 
and market analytics for 
various locations and types 
of companies 

Not foreseen - Mercado 2021 
- Hillebrand-Saponar 

2020  
- Eurostat 2018-3 

Tax rate of 
assessment 
 

The basic information and 
values are derived from 
historical data and the 
German tax laws. It can be 
easily adopted to other 
countries and municipalities. 
The values are set by 
municipalities 

User input: 
municipal tax rates 
of assessment in 
location 

- GewStG 2004 
- Schulte 2008 
- IHK 2018 

Nr of Companies 
 

Nr of companies in the 
assessment location per 
1000 inhabitants. The related 
probability distribution is 
derived from regional 
statistics. 

A real number of 
companies can be 
provided by the 
user directly 

- Eurostat 2018-2 
- Building radar 2020 

Regional 
Contracting 
 

Regional contracting is 
determining the scope of 
contracting for the project, it 

User input if 
contracting 

- Berglind 2018 
- European 

Commission 2014 
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is defined with a probability 
distribution from Local to 
international contracting in a 
certain place 

regulations for 
project are known 

- BuildingRadar 2020 

 
 

Outputs and results for case study building 
The results of this submodule are calculated through the expected value of the parent 
probability nodes. The shown numbers are based on the case study building 
introduced in the beginning of this report. They are also based on the simple cost 
assessment performed in the Bayesian Network. By introducing the real cost from user 
side, these numbers can be easily extrapolated and adjusted.   
 

Estimated specific investment Cost / m² -102,00 € 

Estimated total investment Cost  -664.020,00 € 

 

Output/ Benefit Result 

Average taxable income per €/m² 63,48 € 

Income tax return to public budget €/m² 9,52 € 

Trade tax return to public budget €/m² 1,95 € 

Total Income tax returns for project € 61.975,20 € 

Total Trade tax return to public budget for project € 12.694,50 € 

 

 
 

Figure 16. Calculation scheme for tax return assessment. 
 
 

CO2 and PM10 Emissions and Emission cost reduction 
Description: The submodule introduced in this chapter contains two dedicated parts 
on the evaluation of particulate matter emissions and emission costs based on CO2 
emissions. The assessment of particulate matter emissions focuses on the bigger 
particles, PM10 which are related to building heating and fossil energy generation. 
The emission cost part uses the energy consumption and CO2 emission outputs of the 
energy demand module to create the baseline for cost assessment. Both outputs are 

61,975.20 €

12,694.50 €

Total Income tax returns for project €

Total Trade tax return to public budget for 
project €
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generated using the energy source of heating and electricity in the assessed building. 
For particulate matter no cost output was foreseen, since it is difficult to determine a 
price, especially for a single building with various emission locations through grid 
effects. In order to determine the CO2 Cost, the CO2 taxes in each country, Emission 
Trading costs and Social costs have been incorporated.  
 
Method: The method of the module is straight forward. The CO2 emissions and energy 
consumption in kWh/year*m² are derived from the energy demand module of the 
EERAdata DST. Based on these values, the PM10 emissions and the separate CO2 
cost functions have been added to the energy consumption values. The PM10 
emissions and each CO2 cost is modelled via a probability distribution which is 
dependent on the typical energy sources in the assessment location. In a next iteration 
of the module, the influence of different building technology and their improvement will 
be integrated. By now, this information is incorporated in the output of the energy 
demand module.  
 

- Heating energy sources: the determination of heating energy sources is 
based on the use of building (residential or non-residential) and the location of 
the building. Typical energy sources for Velenje, Slovenia are district heating 
with coal or lignite as a heating source. This information was transferred into 
probability distributions which can be applied to all countries in the EU. The 
user can indicate the specific energy source (e.g. renewables or waste heat) 
which is used in the building as a user input.  

 
- Electricity energy sources: The electricity energy sources are based on the 

average electricity mix in each European country. The model can adjust the 
probability distribution if the share of renewables for example is higher in a 
specific location or if the building consumes ecological electricity.  

  
- CO2 emissions per kWh/m²year heating and electricity: The amount of CO2 

emissions per kWh/year is derived from the energy demand module. In case 
the module doesn’t produce any output, the socio-economic module applies a 
probability based distribution of typical CO2 emissions per energy source, which 
are dependent on the primary energy factors and measurement based studies. 
The model does only distinguish by amount of energy consumption and type of 
energy source.  
 

- Heating and electricity consumption of building in kWh/year: the data for 
these nodes is transferred from the energy demand module. If this information 
is not available an estimated energy consumption reduction can be combined 
with the value.  

 
- PM10 emissions per kWh/m²year heating and electricity: Similar to the CO2 

emission estimation, the amount of PM10 emissions is determined by the 
energy source and the energy consumption of the building. The probability 
distribution for PM 10 emissions is based on several PM 10 datasets which 
were measures on power generation facilities. It has to be mentioned that 
especially in non-residential building, a on-site energy generation is seldomly 
happening and if it is very likely it is a renewable energy source. PM10 emission 
therefore arise from power plants or local biomass heating units. The emissions 
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are therefore hard to measure in the direct surroundings. It is assumed that the 
overall output of energy generation in the municipality increases the PM10 
concentration of the outdoor air.   
 

- CO2 tax cost: when this report was issued, CO2 taxes have been applied in the 
most member states of the European Union. The current cost ranges from lower 
than 5 €/tCO2 up to higher than 60 €/tCO2. Thus the probability function for this 
node is heavily depending on the country in which the building is assessed. The 
cost is multiplied with the amount of CO2 emissions and with the same 
methodology the reduction of energy consumption due to energy efficiency 
measures leads to a reduction of CO2 tax costs which is also the final output of 
the submodule.  
 

- Emission trading CO2 cost: European Emission Trading Costs arise when 
CO2 emission trading certificates are traded over the Emission Trading System 
(ETS). These costs are market based and therefore no location or building 
specifications have an influence on the values. The cost for ETS certificates 
changes daily. In the module the historical data for 2021 and 2020 was 
integrated into the probability distribution.  
 

- Social CO2 cost: Social CO2 costs are a hypothetical cost which are not 
balanced in any budget planning. They represent the “real” cost which arises 
through CO2 emission on the society due to damage on the eco-system on 
nutrition chains, climate change, etc. The value of the Social CO2 costs 
depends from model to model and the framework which is used in each of them. 
For EERAdata the most known and citated models were assessed and based 
on their results the probability distribution was created.  

 
Outputs: the results in the emission module are calculated using two options. The 
version which is implemented in the EERAdata DST is that all CO2 emissions and 
energy consumption values as well as the respective reductions are derived from the 
energy demand and LCA module. In the stand-alone version of the module, an 
implemented probability function estimates the energy consumption reduction and the 
CO2 emission can be estimated based on a probability distribution of energy sources. 
To combine it with the outputs of the energy demand module, the EERAdata version 
of the emission cost and PM10 assessment produces relative values which must be 
multiplied with the amount of kWh/year (PM10) or the amount of CO2 emission in 
tCO2eq/year. The final outputs are to find in the results section of this chapter.  



No 847101 – EERAdata 
D3.4. Finalised EERAdata methodology  
 

88 
 

 
 

Figure 17. Calculation scheme for CO2 cost assessment. 
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Figure 18. Calculation scheme for particulate matter assessment. 
 

Data sources 

Node Description Input Data sources 
Country of 
assessment 

The country or location in which 
the project is conducted and 
assessed 

Selection by 
coordinates of the 
assessed building 

- No data source 
necessary 

Application of 
EE Measures 

A predefined set of renovation 
measures, their cost and 
energy impact that can be 
applied by the user in the 
EERAdata DST 

EERAdata renovation 
measures database 

- EDGE 2021 
- National Building 

codes 
- EERAdata 

database 

Heating energy 
consumption 
reduction 

Consequence of applying 
energy efficiency measures on 
the assessed building. Derived 
from energy demand module  

Calculated - Energy demand 
module  

Electricity 
consumption 
reduction 

Consequence of applying 
energy efficiency measures on 
the assessed building. Derived 
from energy demand module 

Calculated - Energy demand 
module 

Electricity 
energy sources 

A probability distribution based 
on the most occurring 
electricity energy sources in a 
country. Starting point is the 
average electricity mix 

User input: If the energy 
source or used building 
technology is known 

- Eurostat 2021-1 
- EERAdata 

surveys 
- Energy demand 

module  
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Heating energy 
sources 

A probability distribution based 
on the most occurring heating 
energy sources in a location 
and for a certain building use.  

User input: If the energy 
source or used building 
technology is known 

- EERAdata 
surveys 

- Energy demand 
module 

- Fleitner et al 
2017. 

CO2 Emissions 
per g/kWh 
electricity 
 

This data is filled by measured 
statistical values per energy 
generation source. The node 
is also fed by the energy 
demand module.  

Not foreseen - Energy demand 
module 

 

CO2 Emissions 
per g/kWh 
heating  
 

This data is filled by measured 
statistical values per energy 
generation source. The node is 
also fed by the energy demand 
module. 

Not foreseen - Energy demand 
module 

 

PM10 emissions 
g/kWh electricity  

Data for particulate matter 
probability distributions is 
derived from various scientific 
models and measurements 

Not foreseen - Klimont 2011 
- European 

Commission 2010 

PM10 emissions 
g/kWh heating 

Data for particulate matter 
probability distributions is 
derived from various scientific 
models and measurements 

Not foreseen - Klimont 2011 
- European 

Commission 2010 

CO2 Tax cost 
€/tCO2 

The CO2 tax cost is based on 
the specified tax cost defined 
by the legislation of each 
member state. Out of these 
values a probability curve was 
calculated in case the tax cost 
is not known.  

User input: The real 
CO” tax cost values of 
the assessment 
location 

- World Bank 2020 

Social CO2 cost 
€/tCO2 

The Social CO2 cost is based 
on several. theoretical 
scientific models. The related 
probability function is based on 
the range of these outputs.  

Not foreseen  - Wang et al 2018 
- Ricke et al 2018 

CO2 ETS cost 
€/tCO2 

The EU Emission Trading cost 
is market driven and varies 
each day. The used probability 
curves and ranges are derived 
from the historical data from 
2021 and 2020.  

User input: The current 
ETS stock values 

- ember-climate 
2021 

Heating energy 
consumption 
kWh/year 

The energy consumption as 
well as the reduction de to EE 
measures is directly used from 
the output of the energy 
demand module  

User input: if real 
energy consumption of 
building is known 

Energy demand 
module  

Electricity 
consumption 
kWh/year 

The energy consumption as 
well as the reduction de to EE 
measures is directly used from 
the output of the energy 
demand module 

User input: if real 
energy consumption of 
building is known 

Energy demand 
module  

 
 

Outputs and results for case study building 
The output of the emission cost and particulate matter submodule delivers relative 
values by m² or tCO2. These values will be multiplied outside of the module with the 
results from the energy demand module.  
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Estimated specific investment Cost /m² -102,00 € 

Estimated total investment Cost  -664.020,00 € 

 

Output/ Benefit Result 

Yearly Emissions savings  

Particulate matter emission savings PM10 g/year -138.350,52 

Average CO2 Emission savings g/year 126.814.000,00 

Yearly CO2 cost savings  

Social CO2 Cost €/Building*year 12.903,32 € 

CO2 Tax Cost €/Building*year 2.029,02 € 

CO2 ETS Cost €/Building*year 3.587,57 € 

Total CO2 cost savings /Building*year 18.519,92 € 

 

 
 

Figure 19. Results for particulate matter emission assessment. 
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Figure 20. Results for CO2 cost assessment. 
 

Energy cost and savings 
Description: The energy cost and saving sub-module represents the most linear and 
straightforward modules in the socio-economic assessment. It relies highly on the 
output of the energy demand module. It multiplies its results like heating or electricity 
energy consumption with most common energy prices in each member state of the 
European Union. It is also capable to assess the cost and energy cost saving of the 
real energy consumption of the building in case the user knows these values and is 
able to integrate it into the EERAdata DST. 
 
Method: The sub-module multiplies the yearly electricity consumption and heating 
energy consumption in kWh/year, which is prior calculated in the energy demand 
module. It directly multiplies the kWh/year per building with statistically generated cost 
data for each, electricity, and heating consumption in €/kWh. The energy prices are 
represented in a probability distribution and based on separate statistical assessments 
of the historical energy prices for different energy sources and locations. The 
calculation is performed prior and post renovation to determine the energy cost 
savings. The cost savings are the main factor for common payback time calculations.  
 

- Heating and electricity cost in €/kWh: the statistical assessment of heating 
energy cost and electricity cost was performed separately for residential and 
non-residential energy consumers. Due to different tariffs and the very different 
quantity, the prices differ significantly for these two building uses. Data was 
derived for all EU member state countries and for the last 3 years. Out of this 
data the probability distributions were created, reflecting the location, type of 
building use and average values over the last years.  

 
- Heating and electricity consumption of building in kWh/year: the data for 

these nodes is transferred from the energy demand module. If this information 
is not available an estimated energy consumption reduction can be combined 
with the value.  
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Outputs: As mentioned above, the results of the module are a linear multiplication of 
used energy prior and after the application of energy efficiency measures on the 
building. In case no energy consumption data could be obtained due to missing data, 
the socio-economic module will provide average energy savings derived from the 
applied energy efficiency measures to determine the cost savings in the renovation 
process. These results however are only rough estimates. The usual process involves 
the real data from the building or the detailed calculations of the energy demand 
module.  
 

- Total energy cost €/year (heating + electricity): the combined cost of energy 
consumption for a year for a complete building, prior and post measure.   
 

- Total energy cost savings €/year (heating + electricity): the difference of 
the combined cost of energy consumption before and after applying energy 
efficiency measures.   

 

 
 

Figure 21. Calculation scheme for energy cost assessment. 
 

Data sources 

Node Description Input Data sources 
Building use 
(residential/non-
residential) 

In EERAdata the building 
use is distinguished 

User Input: building 
use 

- EERAdata database 
- Regional statistical 

offices 
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between residential and 
non-residential buildings.  

Country of 
assessment 

The country or location in 
which the project is 
conducted and assessed 

Selection by 
coordinates of the 
assessed building 

- No data source 
necessary 

Application of EE 
Measures 

A predefined set of 
renovation measures, their 
cost and energy impact that 
can be applied by the user 
in the EERAdata DST 

EERAdata 
renovation measures 
database 

- EDGE 2021 
- National Building 

codes 
- EERAdata database 

Electricity cost 
€/kWh 

Electricity prices from 
different countries, years 
and building uses 
combined in a probability 
function 

User Input: real 
electricity prices for 
location and moment 

- Eurostat 2020-3 
- Eurostat 2021-2 
- Schirmschar et al 

2011 

Heating cost €/kWh Heating (Gas as baseline) 
prices from different 
countries, years and 
building uses combined in a 
probability function 

User Input: real 
heating prices for 
location and moment 

- Eurostat 2021-3 
- Eurostat 2021-4 
- Schirmschar et al 

2011 

Average energy 
consumption 
reduction heating 

Estimated energy 
consumption reduction. 
Derived from depth and 
reduction goal of energy 
efficiency measure. 

Energy demand 
module 
Direct user input 

- 

Average energy 
consumption 
reduction electricity 

Estimated energy 
consumption reduction. 
Derived from depth and 
reduction goal of energy 
efficiency measure. 

Energy demand 
module 
Direct user input 

- 

Heating energy 
consumption 
kWh/year 

The energy consumption as 
well as the reduction de to 
EE measures is directly 
used from the output of the 
energy demand module  

User input: if real 
energy consumption 
of building is known 

- Energy demand 
module  

Electricity 
consumption 
kWh/year 

The energy consumption as 
well as the reduction de to 
EE measures is directly 
used from the output of the 
energy demand module 

User input: if real 
energy consumption 
of building is known 

- Energy demand 
module  

 
The case study building is a non-residential school. Therefore, the non-residential 
energy cost distribution was used to calculate the outputs below. At this stage of the 
tool, the estimation of electricity, which lies mostly in the use of appliances and light is 
not integrated. There will be a rough estimate in the socio-economic module, but it will 
not make it into the first iteration of the EERAdata DST. Electricity, which is used for 
pumping, heat pumps etc. are included in the heating energy and cost evaluation.  
 

Estimated Electricity Cost €/kWh 0.08 € 

Estimated Heating Cost €/kWh 0.03 € 

 

Output/ Benefit Result 
Total electricity cost savings €/year not assessed 

Total heating and dhw cost savings €/year -651,00 € 
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Figure 22. Heating cost assessment results in €/year. 
 

Fuel poverty (only with residential use) 
Description: Fuel poverty is a complex and multi-facetted topic which has multiple 
reasons and origins. It is one of the big societal problems and the author of this chapter 
is aware that energy efficiency is not a one-in all solution for it. However, the presented 
approach should shed light on one of many factors that can be improved to tackle fuel 
poverty: the implementation of energy efficiency to leverage the pressure on dwelling 
energy bills.  With this in mind, a first concept of an assessment has been implemented 
into the EERAdata DST. The calculations therefore are limited to only a few 
uncertainty notes and are relying on social studies as well as statistical household 
poverty thresholds. It should give a first indication on how to quantify the impact of EE 
measures on difficult social topics. The often-discussed equilibrium between indoor 
comfort and energy cost savings is considered due to parallel integration of the Indoor 
climate module and the calculations presented below. Consequently, the sub-model 
“Fuel Poverty” works only for residential buildings.  
 
Method: The base for the calculation are average dwelling sizes. Therefore, several 
statistics for different countries, areas and years were investigated. Finally, a 
probability distribution of potential dwelling sizes for certain regions and countries 
could be created. Based on these dwelling sizes, the average household energy 
consumption (probability function) and combined with the sub-module energy cost in 
chapter 7.4.4., the average household energy cost calculation was implemented. With 
these numbers a prior- and post-renovation household energy cost comparison can 
be made. The achieved energy cost savings contribute to the leverage of housing cots 
for a household. These reductions are then compared to the average poverty 
thresholds which are country specific and combined with the household sizes in the 
module.  
 

- Average dwelling floor area (m²): The average dwelling floor area was 
derived from national statistics and multiple sources on average household 
sizes and living area per person. These numbers are changing, that’s why also 
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historical data was incorporated into the probability distribution, which is country 
specific.   
 

- Typical household electricity and heating energy consumption 
(kWh/household*year):  Household energy consumption studies are 
widespread and available for each country in the European Union. The average 
rates are measures and modelled in kWh/m². Therefore, the results of the 
statistical analysis of household energy consumption have been merged with 
the dwelling size probabilities.  

 
- Poverty threshold per household: poverty thresholds are part of extensive 

social statistics by Eurostat. For this project these numbers were enriched and 
combined with average dwelling size statistics. The poverty threshold 
determines, country specific, below which yearly income, a household is 
considered as a poor household. This varies significantly between countries.   

 
Outputs: The final output shows the potential to be fuel poor by comparing the 
average poverty threshold of a household with the average energy cost of a 
household. If the energy cost of a household is more than 10% of the household 
poverty threshold, the risk of becoming fuel poor is assessed higher. Consequently, 
the implementation of energy efficiency measures can reduce this risk. The reduction 
of risk is also illustrated as a result of the socio-economic sub-module.  
 

- Household energy cost €/Dwelling*Year (heating and electricity separate): 
The household energy cost is calculated by multiplying the average electricity 
and heating cost per m² with the probability function of the average dwelling 
size.    
 

- Combined household energy cost €/Dwelling*Year: The combined 
household energy cost is simply the added yearly electricity and heating cost 
of a household to determine the financial pressure on the household at the end 
of the year.  
 

- Household energy cost savings (€/Dwelling*Year): The household energy 
cost savings are determined by multiplying the yearly household energy cost 
with the energy consumption savings from the energy demand module.  

 
- Poverty threshold by household (€/household*year): The poverty threshold 

utility, is the expected value of the related probability function, in order to create 
a deterministic output-value for further calculations.  

 
- Risk of fuel poverty pre-renovation (%): the assessed rick of fuel poverty 

before the application of energy efficiency measures. If the cost for energy 
exceeds the share of 10% of the overall income of the household, the risk is 
increasing.  
 

- Risk of fuel poverty after renovation (%): the assessed rick of fuel poverty 
after the application of energy efficiency measures. The result is based on the 
reduced household energy cost through energy consumption reduction.  
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Figure 23. Calculation scheme for fuel poverty assessment. 
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Data sources 

Node Description Input Data sources 
Country of 
assessment 

The country or location in which 
the project is conducted and 
assessed 

Selection by 
coordinates of the 
assessed building 

No data source 
necessary 

Application of EE 
Measures 

A predefined set of renovation 
measures, their cost and energy 
impact that can be applied by the 
user in the EERAdata DST 

EERAdata 
renovation 
measures 
database 

- EDGE 2021 
- National Building 

codes 
- EERAdata database 

Electricity cost 
€/kWh 

Electricity prices from different 
countries, years and building 
uses combined in a probability 
function 

User Input: real 
electricity prices 
for location and 
moment 

- Eurostat 2020-3 
- Eurostat 2021-2 
- Schirmschar et al 

2011 

Heating cost 
€/kWh 

Heating (Gas as baseline) prices 
from different countries, years 
and building uses combined in a 
probability function 

User Input: real 
heating prices for 
location and 
moment 

- Eurostat 2021-3 
- Eurostat 2021-4 
- Schirmschar et al 

2011 

Typical 
household 
electricity 
consumption 
kWh/m²*year 

Average household electricity 
consumption by country and er 
m² dwelling size 

User Input: Real 
electricity 
consumption of a 
household in 
assessed building 

- Odyssee-Mure 
2018-2020 

- Eurostat 2019 

Typical 
household 
heating 
consumption 
kWh/m²*year 

Average household heating 
energy consumption by country 
and per m² dwelling size 

User Input: Real 
heating energy 
consumption 
consumption of a 
household in 
assessed building 

- Odyssee-Mure 
2018-2020 

- Eurostat 2019-1 

Average dwelling 
floor area m² 

Average dwelling size by 
household. Probability function 
based on national statistics 

User input: 
Average dwelling 
sizes of assessed 
building 

- Odyssee-Mure 
2018-2020 

Poverty income 
threshold per 
household 
€/household*year 

Statistical poverty threshold 
based on household income, 
probability distribution based on 
national averages.  

No input foreseen - Eurostat 2019-2 

 
 

Outputs and results for case study building 

 Pre-Renovation Post-Renovation 

Household Heating energy consumption 

kWh/year*Dwelling 

13,800.00 kWh 14,363.26 kWh 

Household Electricity energy 

consumption kWh/year*Dwelling 

4,496.00 kWh 4,679.510 kWh 

 

 Pre-Renovation Post-Renovation 

Household electricity cost 

€/year*Dwelling 

606.96 € 631.73 € 

Household heating energy cost 

€/year*Dwelling 

510.60 € 531.44 € 

 
Poverty threshold by household €/year*household           16,200.00 € 
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Output/ Benefit Result 

Household electricity cost savings € -24,77 € 

Household heating energy cost savings € -20,84 € 

  

Risk of fuel poverty for household % - Pre-Renovation 6.90% 

Risk of fuel poverty for household % - post-Renovation 7.18% 

Risk of fuel poverty for household % - Reduction +0.28% 

 
 

 
 

Figure 24. Calculation scheme for fuel poverty assessment. 
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9 Supply-side assessment 
 
The analysis of the energy supply side provides a model for evaluating the current 

state and potential remediation measures based on the impacts of energy production 

and delivery considering the supply chain of the energy resources. It addresses major 

types of energy vectors or energy carriers delivered to the building (either from energy 

distribution networks, from fuels or as renewable energy produced on-site) as a source 

of primary energy that has, depending on the specific use, undergone certain 

conversions and losses from its original state. To account for various critical processes 

necessary to provide energy to the final consumer within normal building operation, 

the methodology will differentiate between two basic levels of analysis through which 

a full fuel cycle can be represented: site energy (final energy demand) and source 

energy (primary energy supply).  

The supply side impact analysis will be based on quantifying and following the reverse 

energy flow from the building towards the origin of a given primary energy source. The 

models are based on the existing energy demand of each analysed building, which 

serves as the benchmark upon which the main outputs are calculated.  

 

 
Figure 25. Overview of the energy supply-side assessment module. 

 

The main outputs of the supply-side assessment are the use of primary energy, 

green-house gas emissions and quantity of the most important energy resources 

used in the production and delivery of energy to the building.  
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The calculation results are presented for a limited set of specific renovation measures 

for the supply of electricity and heat. The calculation of the impact of renovation 

measures depend to a large extent on potentials and limitations that are highly specific 

to the location of the analysed building (RES potential and climate, building limitations, 

legal framework and permits, etc.). Moreover, the operational focus of the 

methodology goes beyond the scope of the frontrunner municipalities, whereby the 

quality and resolution of data from secondary implementers is now known. From the 

perspective of energy generation potential from renewable energy sources the 

calculation of impacts of supply-side renovation measures therefore follow a simplified 

approach which DST users can improve with more refined data tailored to their specific 

circumstances and requirements. 

With reference to the renovation package outlined in section 3, for the supply of 

electricity, three renovation measures are analysed which lead to the increased 

production from RES. One is based onsite and two remotely (outside of the building 

boundary). 

 

Model to estimate impact of electricity supply 
The case study building has an average demand for electrical energy at 147,2 MWh 

annually, which represents approximately 25% of the building`s energy demand.  

Calculate generic primary energy consumption for electricity from grid 

The primary energy factors (PEF) indicate the efficiency of energy supply across the 
entire supply chain. The ESD (Energy Services Directive 2006/32/EC) proposed that 
electricity savings should be considered with a default co-efficient of 2.5 that is 
respective of a 40% generation efficiency. Directive on Energy Efficiency (2018/2002) 
proposed a reduction of the PEF to 2.1 while different interest area organizations such 
as AEBIOM, COGEN EUROPE and EGEC proposed 2.3. Each of the three default 
values is considered within the analysis.  
 

 
Figure 26. Calculation of default primary energy use. 

 
The calculation of the primary energy factors indicate a generic quantity of the primary 
energy use according to the demand for electricity (final energy) on the level of the 
test case building. The default PEF values are compared in later calculation steps to 
the factors calculated based on the actual mix for generating electricity (including 
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energy losses) where the building is located. International flows of electrical energy 
between countries are disregarded due to excessive complexity, therefore electrical 
energy produced within the region of the analysed country is considered for the mix of 
resources provided as final energy to the analysed buildings.  
 

Status quo: 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(1) = 2,5 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢) =  368 𝑀𝑊ℎ/𝑎    

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(2) = 2,1 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢) =  294,4 𝑀𝑊ℎ/𝑎    

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(3) = 2,3 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢) =  338,56 𝑀𝑊ℎ/𝑎    

 
The EnPI for electricity is 22,61 kWh/m2a. 

 

In accordance to the default PEFs for electrical energy, the primary energy 
requirement to meet the final energy demand of the building is calculated. The original 
PEFs indicates that in order to cover the 147.2 MWh annual demand of electricity to 
the building would entail a primary energy use of 368 MWh. The generic PEF does 
not indicate the type of energy carrier used or the specifics related to its conversion 
and delivery.  
 

After renovation: 

RM1: Install solar PV on the building 

The installation of PV reduced the final energy demand from the grid from 147,2 MWh to 29,44 MWh 

per annum (in-line with the assumption that 80% of the energy demand would be met by the 

building's own electricity production). In this case the default PEF values are as follows: 
 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(1) =  73,6 MWh/a   

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(2) = 58,88 MWh/a 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(3) = 67,71 MWh/a 

 

To demonstrate the calculation method, the most likely viable renovation measure of 
installing a solar photovoltaic power plant (roof-top or building integrated) is taken into 
account. The impact assessment assumes that 80% of the building's final energy 
demand could be met by installing a grid tied solar PV system using the grid for storage 
(net-metering). Depending on the country and specifics of the location, this could vary 
significantly (e.g. in the country where the test case building is located, net metering 
is limited to the maximum nominal power of the power plant to 80% of the maximum 
grid connection capacity, which means that the plant could still cover the annual 
demand for electricity in its entirety – 100%). A conservative estimate of 80% is taken 
in order to consider the limitations of energy storage and grid balancing. The example 
above is trivial and only used to present the calculation approach. 
 
 
 

 



No 847101 – EERAdata 
D3.4. Finalised EERAdata methodology  
 

103 
 

Outputs and results for case study building 

The increased capacity to produce electricity onsite as a result of RM1 decreases the 
dependency of the test case building for remote supply through the distribution grid, 
which lowers the primary energy use for grid supply calculated from baseline PEFs. 
  

Output/ Benefit Result [MWh] 
Reduction of primary energy used for grid supply (PEF 2,5) 294,40 

Reduction of primary energy used for grid supply (PEF 2,0) 

Reduction of primary energy used for grid supply (PEF 2,0) 

235,52 

270,84 

 

 
Figure 27. Reduction of primary energy use (grid supply). 

 

 
Taking into account onsite generation of electrical energy, the total primary energy use 
after the renovation measures are applied is reduced from 340,55 MWh to 195,16 
MWh. Figure 28 displays the status before and after renovation for grid (left), onsite 
(middle) and total primary energy (right) in MWh. 
 

Output/ Benefit Result [MWh] 
Change of primary energy used (grid supply)  272,59 

Change of primary energy used (onsite supply)  

Total primary energy use reduction  

-127,18 

145,41 

 

 
Figure 28. Reduction of primary energy use (grid and onsite supply). 
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Calculate generic emissions for electricity from grid 

The default green-house gas emissions for electricity supply from the grid are derived 

from the “CoM: Default emission factors for local emission inventories”. NEEFE are used 

to estimate indirect CO2 (tCO2/MWh) or GHG (in tCO2-eq/MWh) emissions due to local 

consumption of electricity for both the standard and LCA approach.  
 

 
Figure 29. Calculate generic emission for electricity from grid. 

 

The factors applied for the test case building located in Slovenia are for the standard 

approach 0,401 and for LCA 0,424 tCO2 eq / MWh, respectively.  

Status quo: 

𝑒𝑚𝐺𝑟𝑖𝑑𝑆𝑇 = 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑟𝑖𝑑𝑆𝑇_𝑆𝐼 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢) =  59,027 𝑡 𝐶𝑂2   

𝑒𝑚𝐺𝑟𝑖𝑑𝐿𝐶𝐴 = 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑟𝑖𝑑𝑆𝑇_𝐿𝐶𝐴 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =  62,413 𝑡 𝐶𝑂2 

After renovation:  

RM1: Install solar PV onsite the building 

𝑒𝑚𝐺𝑟𝑖𝑑𝑆𝑇 = 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑟𝑖𝑑𝑆𝑇_𝑆𝐼 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢) =  11,805 𝑡 𝐶𝑂2   

𝑒𝑚𝐺𝑟𝑖𝑑𝐿𝐶𝐴 = 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑟𝑖𝑑𝑆𝑇_𝐿𝐶𝐴 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =  12,483 𝑡 𝐶𝑂2 

 

Outputs and results for case study building 

The implementation of renovation measures reduces the GHG emission resulting from 
the supply of electrical energy from the grid from 59,02 and 62,4 (baseline) to 11,81 
and 12,48 t CO2 eqv in accordance to default emission factors (standard and life cycle 
approach).  
 

Output/ Benefit Result [t CO2 eqv] 
Reduction of GHG emission (standard approach) 47,22 

Reduction of GHG emission (LCA approach) 49,93  
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Figure 30. Reduction of GHG emission (grid) according to default emission factors. 

 

Calculate energy losses for electricity transmission and distribution 

Based on the electrical energy supplied from the grid with reference to the data on 

power losses in countries where the analysed buildings are located (CEER), we 

determine how much additional energy is required from the threshold of the generating 

power plant to the building. With reference to national specifics, relative losses of 

electrical energy from the power plant to the final consumer move in the range from a 

few to over 10%. The data for 2018 is presented in Table 6. 

Table 6. Absolute and relative losses in power transmission and distribution (CEER). 

Country Losses in distribution Losses in transmission Total losses 

 
[GWh] [%] [GWh] [%] [GWh] [%] 

Germany 17400 n.a. 7200 1,31 24600 4,46 

Denmark 1369 3,53 975 2,33 2344 4,48 

Slovenia 497 4,18 362 1,58 859 3,75 

Spain 21000 8,47 4000 1,95 25000 8,93 

 

 
Figure 31. Calculate electrical energy consumption with grid losses adjusted for the 

threshold of the power plant. 
 

The reference scenario for the building in Slovenia takes into account a 3,75 % overall 

loss (for transmission and distribution), which outlines a 5,52 MWh absolute loss of 

electrical energy in order to meet the demand of the test case building.  
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Status quo: 

𝑄𝑒𝑒_𝐺𝐿 =  (1 + 𝜂𝑇𝐷_𝑙𝑜𝑠𝑠_𝑆𝐼) ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   152,72 𝑀𝑊ℎ 

 

After renovation:  

RM1: Install solar PV onsite the building 

𝑄𝑒𝑒𝐺𝐿
=  (1 + 𝜂𝑇𝐷𝑙𝑜𝑠𝑠𝑆𝐼

) ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   30,544 𝑀𝑊ℎ 

 

Increasing the energy supply from onsite energy sources reduces the increased energy demand 

from the grid to 10% from the baseline and reduces energy grid losses by a cumulative 4,416 MWh.  

 

Outputs and results for case study building 

Increased onsite production capacity and reduced grid dependency results also in the 
reduced energy losses associated with the transmission and distribution network. The 
energy required at power plant threshold with which the final energy demand of the 
building is covered is lowered from 152,72 to 30,544 MWh, which reduces the total 
energy loss by 4,416 MWh.  
 

Output/ Benefit Result [MWh] 
Reduction of energy generation demand (power plant threshold) 122,18 

Reduction of energy loss (absolute) 4,42  

 

 
Figure 32. Transmission and distribution network losses. 
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Calculate energy sources for electricity supply from grid  

With respect to the annual statistical data on electricity generation in EU member 

states the supply for each major energy fuel source or vector can be determined.  

 
Figure 33. Calculate share for major energy source supplying the grid. 

 

Table 7. Energy resources for electricity production in frontrunner countries 
(EUROSTAT). 

Gross electricity 
generation 2018 

Denmark 
(DK)  

Germany 
(DE)  

Slovenia  
(SI)  

Spain 
(ES)  

 
GWh/a % GWh/a % GWh/a % GWh/a % 

Total 30376,59 
 

641593,00 
 

16330,737 
 

274358,00 
 

Solid fossil fuels 6570,42 21,63% 228156,00 35,56% 4622,27 28,30% 37341,00 13,61% 

Natural gas 2071,92 6,82% 83425,00 13,00% 478,01 2,93% 58004,00 21,14% 

Oil and PP 264,85 0,87% 5186,00 0,81% 18,47 0,11% 14498,00 5,28% 

Hydro 14,86 0,05% 24144,00 3,76% 4892,99 29,96% 36803,00 13,41% 

Geothermal 0,00 0,00% 178,00 0,03% 0,00 0,00% 0,00 0,00% 

Wind 13898,80 45,75% 109951,00 17,14% 6,02 0,04% 50896,00 18,55% 

Solar thermal 0,00 0,00% 0,00 0,00% 0,00 0,00% 4867,00 1,77% 

Solar 
photovoltaic 

952,97 3,14% 45784,00 7,14% 254,96 1,56% 7877,00 2,87% 

Primary solid 
biofuels 

4417,78 14,54% 10827,00 1,69% 146,13 0,89% 4221,00 1,54% 

Biogases 619,80 2,04% 33416,00 5,21% 118,85 0,73% 923,00 0,34% 

Renewable 
municipal waste 

860,07 2,83% 6163,00 0,96% 0,00 0,00% 755,00 0,28% 

Non-renewable 
municipal waste 

703,70 2,32% 6163,00 0,96% 0,00 0,00% 755,00 0,28% 

Nuclear heat 0,00 0,00% 76005,00 11,85% 5776,44 35,37% 55766,00 20,33% 

 
30375,16 99,995% 629398,00 98,099% 16314,15 99,898% 272706,00 99,398% 

  
0,005% 

 
1,901% 

 
0,102% 

 
0,602% 

 

The energy mix for electricity production presented in Table 7 does not include less 

significant shares of fuels specific to each country. A correction factor (gen_CF_i) is 

applied to cover the remaining share not attributed to other resources. The correction 

is by default accounted for additional production from coal. For Slovenia, the major 

sources in 2019 included conventional thermal (burning of solid fossil fuels – mainly 

lignite - and natural gas), nuclear and hydroelectric. Solar power represented less than 
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2% in the overall electricity supply. Major production sources are presented in Figure 

34.  

 
Figure 34. Major sources for electricity production in Slovenia (before renovation). 

 

For the test case building located in Slovenia, applying the factors for electricity 

generation determines the absolute quantity of electricity produced from major 

individual sources: 

Status quo: 

𝑄𝑒𝑒𝑇_𝑐𝑜𝑎𝑙 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐹𝐹_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   43,22 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑛𝑎𝑡𝐺𝑎𝑠 =  𝑔𝑒𝑛𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   4,47 𝑀𝑊h 

𝑄𝑒𝑒𝑇_𝑚𝑎𝑛𝐺𝑎𝑠 =  𝑔𝑒𝑛𝑀𝑎𝑛𝐺𝑎𝑠𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑜𝑖𝑙 =  𝑔𝑒𝑛𝑂𝑖𝑙_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,17 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑅𝑤𝑎𝑠𝑡𝑒 =  𝑔𝑒𝑛𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑁𝑅𝑤𝑎𝑠𝑡𝑒 =  𝑔𝑒𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,09 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑛𝑢𝑐𝑙𝑒𝑎𝑟 =  𝑔𝑒𝑛𝑁𝑢𝑐𝑙𝑒𝑎𝑟_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   54,02 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_ℎ𝑦𝑑𝑟𝑜 =  𝑔𝑒𝑛𝐻𝑦𝑑𝑟𝑜_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   45,75 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =  𝑔𝑒𝑛𝐺𝑒𝑜𝑇_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑤𝑖𝑛𝑑 =  𝑔𝑒𝑛𝑊𝑖𝑛𝑑_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,06 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 
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𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑃𝑉 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   2,38 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   1,36 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑏𝑖𝑜𝑔𝑎𝑠 =  𝑔𝑒𝑛𝐵𝑖𝑜𝐺𝑎𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   1,11 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝐶𝐹 =  𝑔𝑒𝑛𝐶𝐹_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,06 𝑀𝑊ℎ 

 

The mix of sources utilized for the production of electricity is influenced by onsite and 

remote supply-side renovation measures. The following example addresses the 

impact of one additional measure beside the installation of the PV power plant from 

the previous calculations steps. This example includes an offsite (remote) renovation 

measure of constructing a large array of solar panels that is grid tied and supplies 

electricity to the building through the transmission/distribution network. While RM1 

influences directly the quantity of electrical energy that needs to be drawn from the 

distribution grid in order to meet the annual demand of the test case building, RM2 

has a wider impact on the national energy mix presented in Table 7. 

 

After renovation:  

RM1: Install solar PV onsite the building 

𝑄𝑒𝑒𝑇_𝑐𝑜𝑎𝑙 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐹𝐹_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   4,31 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑛𝑎𝑡𝐺𝑎𝑠 =  𝑔𝑒𝑛𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,45 𝑀𝑊h 

𝑄𝑒𝑒𝑇_𝑚𝑎𝑛𝐺𝑎𝑠 =  𝑔𝑒𝑛𝑀𝑎𝑛𝐺𝑎𝑠𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑜𝑖𝑙 =  𝑔𝑒𝑛𝑂𝑖𝑙_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,02 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑅𝑤𝑎𝑠𝑡𝑒 =  𝑔𝑒𝑛𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑁𝑅𝑤𝑎𝑠𝑡𝑒 =  𝑔𝑒𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,01 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑛𝑢𝑐𝑙𝑒𝑎𝑟 =  𝑔𝑒𝑛𝑁𝑢𝑐𝑙𝑒𝑎𝑟_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   5,40 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_ℎ𝑦𝑑𝑟𝑜 =  𝑔𝑒𝑛𝐻𝑦𝑑𝑟𝑜_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   4,58 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =  𝑔𝑒𝑛𝐺𝑒𝑜𝑇_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑤𝑖𝑛𝑑 =  𝑔𝑒𝑛𝑊𝑖𝑛𝑑_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,01 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,00 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑃𝑉 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉 ∗ 𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,25 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 =  𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,14 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝑏𝑖𝑜𝑔𝑎𝑠 =  𝑔𝑒𝑛𝐵𝑖𝑜𝐺𝑎𝑠_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,11 𝑀𝑊ℎ 

𝑄𝑒𝑒𝑇_𝐶𝐹 =  𝑔𝑒𝑛𝐶𝐹_𝑆𝐼 ∗  𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)  =   0,01 𝑀𝑊ℎ 
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RM2: Install solar PV power station (remote) 

 

The installation of an offsite grid-tied PV power station (very large solar installation 

=  10 MWe) has a small but measurable direct impact on the energy generation mix 

of the country where the building is placed. In accordance with the methodology, 

the average solar radiation for an optimal angle plane in Slovenia is 1484,12 

kWh/m2 yearly. Applying the correction factors for efficiency and orientation, the 

power station will generate 13107,21 MWh of energy. In 2019, the total generation 

of electricity from different sources in Slovenia was 16330 GWh. The newly added 

capacity from the large solar power station contributes app. 0,08 %. Assuming that 

the entirety of this electrical energy is used to reduce supply from solid fossil fuels 

(which is an oversimplification that favours wider uptake of intermittent RES, in 

practice such sources require either investment into storage solutions or back-up 

capacity from conventional power sources), the following applies: 

𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐹𝐹_𝑆𝐼 (𝐴𝑅)  =   𝑔𝑒𝑛𝑆𝑜𝑙𝑖𝑑𝐹𝐹_𝑆𝐼 (𝐵𝑅) − 0,08% = 28,22 % 

𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝐼 (𝐴𝑅)  =   𝑔𝑒𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝐼 (𝐵𝑅)  + 0,08% = 1,64 % 

 

Outputs and results for case study building 

In accordance with the impact of the renovation measures (RM1, RM2, RM3) on the 
national energy supply represented in the calculation example above, the test case 
building with the implemented changes is now characterized by the following mix of 
energy resources to meet its demand for electricity (from grid and onsite production).  
 

 

Figure 35. Major sources for electricity production to the test case building (after 
renovation). 
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Calculate primary energy consumption from sources of electricity  

Depending on the energy carrier used to generate electricity delivered to the building 

the consumption of primary energy will vary relative to the conversion efficiencies of 

the main production technologies. For combustible fossil and biofuels, these are 

obtained from empirical data for either the national level or, if those are not available, 

national averages of power stations in other countries with similar levels of 

development taken into account.  

 
Figure 36. Calculation of primary energy for main sources supplying the electrical 

grid. 
 

The conversion efficiencies for coal-fired power generation is in the range from 36,50% 

for Slovenia up to 39,53% for Scandinavian countries. For natural gas, the efficiencies 

are from 46,97% to 49,09%. For manufactured gas the efficiency of natural gas is 

applied, for biogas a default value of 45%. Conversion efficiency of nuclear fuel is 

derived from the global production and use of U3O8 and the total generation of power 

in reactors in 2019, which is set at 34,95% (only slightly above the 33% set out in both 

the Physical energy content Technical conversion efficiency accounting methods). For 

non-combustible renewable energy production, the non-renewable reference values 

from GEMIS are applied (from 0,01 for geothermal to 1,08 for solar energy).  

 

Status quo: 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 = 𝜂𝑐𝑜𝑎𝑙𝑃𝑜𝑤𝑒𝑟_𝑆𝐼 ∗ 𝑄𝑒𝑒𝑇𝑐𝑜𝑎𝑙
=   118,41 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑎𝑡𝐺𝑎𝑠
=   9,12 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑚𝑎𝑛𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑚𝑎𝑛𝐺𝑎𝑠
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙 = 𝜂𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑜𝑖𝑙
=   0,49 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟 = 𝜂𝑛𝑢𝑐𝑙𝑒𝑎𝑟𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑢𝑐𝑙𝑒𝑎𝑟
=   154,60 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜
=   3,89 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 = 𝜒𝑃𝐸𝐹_ℎ𝑦𝑑𝑟𝑜_𝑑 ∗ 𝑄𝑒𝑒𝑇ℎ𝑦𝑑𝑟𝑜
=   48,50 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 𝜒𝑃𝐸𝐹_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 
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𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑤𝑖𝑛𝑑 = 𝜒𝑃𝐸𝐹_𝑤𝑖𝑛𝑑_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑤𝑖𝑛𝑑
=   0,06 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑃𝑉_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑎𝑟𝑃𝑉
=   2,57 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 = 𝜂𝐶𝑃𝐻𝑏𝑛ℎ_𝑒 ∗ 𝑄𝑒𝑒𝑇𝑏𝑖𝑜𝑔𝑎𝑠
=   2,48 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑅𝑤𝑎𝑠𝑡𝑒
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑁𝑅𝑤𝑎𝑠𝑡𝑒
=   0,26 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 + ⋯ + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸(𝑛) =   𝟑𝟒𝟎, 𝟑𝟖 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑜𝑛𝑠𝑖𝑡𝑒 =   𝟑𝟒𝟎, 𝟑𝟖 𝑴𝑾𝒉 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(𝐴_𝐵𝑅) =  
𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡

𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)

= 𝟐, 𝟑𝟏𝟐  

After renovation: 

RM1: Install solar PV onsite the building 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 = 𝜂𝑐𝑜𝑎𝑙𝑃𝑜𝑤𝑒𝑟_𝑆𝐼 ∗ 𝑄𝑒𝑒𝑇𝑐𝑜𝑎𝑙
=   23,68 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑎𝑡𝐺𝑎𝑠
=   1,82 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑚𝑎𝑛𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑚𝑎𝑛𝐺𝑎𝑠
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙 = 𝜂𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑜𝑖𝑙
=   0,10 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟 = 𝜂𝑛𝑢𝑐𝑙𝑒𝑎𝑟𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑢𝑐𝑙𝑒𝑎𝑟
=   30,92 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜
=   0,78 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 = 𝜒𝑃𝐸𝐹_ℎ𝑦𝑑𝑟𝑜_𝑑 ∗ 𝑄𝑒𝑒𝑇ℎ𝑦𝑑𝑟𝑜
=   9,70 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 𝜒𝑃𝐸𝐹_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑤𝑖𝑛𝑑 = 𝜒𝑃𝐸𝐹_𝑤𝑖𝑛𝑑_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑤𝑖𝑛𝑑
=   0,01 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑃𝑉_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑎𝑟𝑃𝑉
=   𝟏𝟐𝟕, 𝟏𝟖 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 = 𝜂𝐶𝑃𝐻𝑏𝑛ℎ_𝑒 ∗ 𝑄𝑒𝑒𝑇𝑏𝑖𝑜𝑔𝑎𝑠
=   0,5 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑅𝑤𝑎𝑠𝑡𝑒
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑁𝑅𝑤𝑎𝑠𝑡𝑒
=   0,05 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 + ⋯ + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸(𝑛) =   𝟔𝟖, 𝟎𝟖 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑜𝑛𝑠𝑖𝑡𝑒 =   𝟏𝟗𝟓, 𝟐𝟔 𝑴𝑾𝒉 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(𝐴_𝐵𝑅) =  
𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡

𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)

= 𝟏, 𝟑𝟐𝟔𝟒 

 

Installing a solar photovoltaic power plant that would have the capacity to generate 

80% of the final demand for electricity annually onsite, the test case building would 

reduce primary energy consumption from 350,83 MWh to 195,26 MWh, which would 
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determine a PEF of ≈ 1,326. This takes into account a grid tied system based on net-

metering and does not include additional losses caused by the need for energy 

storage, back-up generation capacity and other additional investments necessary for 

grid stability and operability. The limitations of a large share of the existing building 

stock in terms of renewable energy production that is feasible on-site dictate that off-

site measures are also taken into account. 

The next calculation example analyses the impact of investment into renewable 

energy generation capacity located off-site the premises of the test case building 

following the present energy/decarbonization policies. The production capacity from 

renewable energy sources is calculated with the same approach as in the previous 

section Calculate energy sources for electricity supply from grid. In accordance with 

the methodology specified in deliverable D3.3, a model 10 MW PV solar power 

installation located in Slovenia would produce an estimated 13107,21 MWh of 

electrical energy. Including also an additional measure of installing a wind farm with a 

nominal installed power of 50 MW, would produce an additional 43800 MWh of 

electrical energy, corresponding to an average capacity factor of 10%. Same as in the 

previous example a simplified approach to the allocation of energy production is 

applied, whereby the additional production from solar linearly offsets the generation 

from solid fossil fuels and the wind production offsets the energy supply from natural 

gas. In this example, the generation of electricity from solid fossil fuels would be 

reduced from 28,30% to 28,22% and the production from natural gas from 2,93% to 

2,66%. 

Additional storage capacity and grid balancing measures are not taken into account. 

This is particularly relevant for the seasonal and intraday fluctuation of matching 

supply and demand. The impact of these potential renovation measures is 

demonstrated in the calculation example on the next page.  

RM2: Install solar PV power station (remote) 

RM3: Construct wind farm (remote) 

After renovation: 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 = 𝜂𝑐𝑜𝑎𝑙𝑃𝑜𝑤𝑒𝑟_𝑆𝐼 ∗ 𝑄𝑒𝑒𝑇𝑐𝑜𝑎𝑙
=   𝟐𝟑, 𝟔𝟐 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑎𝑡𝐺𝑎𝑠
=   𝟏, 𝟔𝟔 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑚𝑎𝑛𝐺𝑎𝑠 = 𝜂𝑛𝑎𝑡𝑔𝑎𝑠𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑚𝑎𝑛𝐺𝑎𝑠
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙 = 𝜂𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑜𝑖𝑙
=   0,10 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟 = 𝜂𝑛𝑢𝑐𝑙𝑒𝑎𝑟𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑛𝑢𝑐𝑙𝑒𝑎𝑟
=   30,92 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜
=   0,78 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 = 𝜒𝑃𝐸𝐹_ℎ𝑦𝑑𝑟𝑜_𝑑 ∗ 𝑄𝑒𝑒𝑇ℎ𝑦𝑑𝑟𝑜
=   9,70 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 = 𝜒𝑃𝐸𝐹_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑤𝑖𝑛𝑑 = 𝜒𝑃𝐸𝐹_𝑤𝑖𝑛𝑑_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑤𝑖𝑛𝑑
=   𝟎, 𝟏𝟎 𝑴𝑾𝒉 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗ 𝑄𝑒𝑒𝑇_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙 =   0 𝑀𝑊ℎ 
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𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑃𝑉_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑎𝑟𝑃𝑉
=   0,54 𝑀𝑊ℎ (𝑔𝑟𝑖𝑑)  

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉_𝑜 = 𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑃𝑉_𝑑 ∗ 𝑄𝑒𝑒𝑇𝑠𝑜𝑙𝑎𝑟𝑃𝑉
=   127,18 𝑀𝑊ℎ (𝑜𝑛 − 𝑠𝑖𝑡𝑒)  

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 = 𝜂𝐶𝑃𝐻𝑏𝑛ℎ_𝑒 ∗ 𝑄𝑒𝑒𝑇𝑏𝑖𝑜𝑔𝑎𝑠
=   0,50 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑅𝑤𝑎𝑠𝑡𝑒
=   0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒 = 𝜂𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑃𝑜𝑤𝑒𝑟_𝐴𝑉𝐺 ∗ 𝑄𝑒𝑒𝑇𝑁𝑅𝑤𝑎𝑠𝑡𝑒
=   0,05 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 + ⋯ + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸(𝑛) =   67,95 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑔𝑟𝑖𝑑 + 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑜𝑛𝑠𝑖𝑡𝑒 =   𝟏𝟗𝟓, 𝟏𝟑 𝑴𝑾𝒉 

𝑄𝑃𝑅𝐼_𝑃𝐸𝐹_𝑒𝑒(𝐴_𝐵𝑅) =  
𝑄𝑝𝑟𝑖𝑚_𝐸𝐸_𝑡𝑜𝑡

𝑄𝑒𝑒𝐺𝑟𝑦
 (𝑄𝑒,𝑢)

= 𝟏, 𝟑𝟐𝟓𝟔 

 

The example illustrates the combined impact of the proposed renovation measures for 

both onsite and remote RES applications. The remote renovation measures that apply 

the additional RES generation capacity only to the national context have limited effect 

on any particular building, however the benefits are distributed to all the consumers 

which are connected to the electrical distribution grid. Moreover, both remote-based 

renovation measures are applied in addition (after) the profoundly increased RES (PV) 

generation onsite that in several real life examples is only theoretical. The calculation 

model indicated that both RES power installations produced a cumulative 56,91 GWh 

of electrical energy (13107 MWh from solar PV and 43800 MWh from wind turbine 

generation respectively). With reference to the proposed primary energy factors for 

solar and wind production (1,08 for solar PV and 1,03 for wind turbines), the total 

amount of primary energy is calculated to be approximately 360 kWh and 60 kWh for 

the electricity supplied through the grid. The combined impact of renovation measures 

reduced the primary energy consumption from 340,55 to 195,13 MWh and achieved 

a PEF of 1,3256, reduced from 2,3135. In terms of the electricity actually supplied to 

the building, the energy mix presented is in Figure 37.   

Greenhouse gas emission from electricity supply  

Similarly, as in the example for default greenhouse gas emissions in the previous 

section, emissions are determined for individual sources used for the supply of 

electricity from the power grid for both the standard and LCA approaches. In the 

reference scenario, all electrical energy is supplied to the building via the distribution 

network.  
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Figure 37. Electricity supplied to the test-case building (all renovation measures 

included). 
 

Taking into account all three renovation measures, the energy supply from the grid is in a 

large part substituted by onsite production from solar, while remote renovation measures 

(construction of solar and wind power capacity) further reduce the environmental impact 

of electricity supply through the distribution network.  

 

Status quo: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  41,83 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝑆𝑇 =  1,84 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑂𝑖𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝑆𝑇 =  0,13 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝑆𝑇 =  0,39 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐻𝑦𝑑𝑟𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐺𝑒𝑜𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑊𝑖𝑛𝑑_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝑆𝑇 =  0,49 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0,09 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  43,46 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝐿𝐶𝐴 =  2,19 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑂𝑖𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝐿𝐶𝐴 =  0,13 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝐿𝐶𝐴 =  0,81 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐻𝑦𝑑𝑟𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝑦𝑑𝑟𝑜𝐿𝐶𝐴 =  0,29 𝑡 𝐶𝑂2   
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𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐺𝑒𝑜𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑒𝑜𝑡𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑊𝑖𝑛𝑑_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑤𝑖𝑛𝑑 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑊𝑖𝑛𝑑𝐿𝐶𝐴~ 0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑇𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉𝐿𝐶𝐴 =  0,08 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝐿𝐶𝐴 =  0,7 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0,02 𝑡 𝐶𝑂2   

 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝑆𝑇 = 44,77 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝐿𝐶𝐴 = 47,70 𝑡 𝐶𝑂2 

 

After renovation:  

RM1: Install solar PV onsite the building 

RM2: Install solar PV power station (remote) 

RM3: Construct wind farm (remote) 

 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑐𝑜𝑎𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  8,33 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝑆𝑇 =  0,33 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑂𝑖𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝑆𝑇 =  0,03 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝑆𝑇 =  0,08 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝑦𝑑𝑟𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐺𝑒𝑜𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑊𝑖𝑛𝑑_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝑆𝑇 =  0,10 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0,02 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑐𝑜𝑎𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  8,65 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝐿𝐶𝐴 =  0,40 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑂𝑖𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝐿𝐶𝐴 =  0,03 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝐿𝐶𝐴 =  0,16 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐻𝑦𝑑𝑟𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸ℎ𝑦𝑑𝑟𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝑦𝑑𝑟𝑜𝐿𝐶𝐴 =  0,06 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐺𝑒𝑜𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑔𝑒𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑒𝑜𝑡𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   
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𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑊𝑖𝑛𝑑_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑤𝑖𝑛𝑑
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑊𝑖𝑛𝑑𝐿𝐶𝐴 = 0,00098 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑇𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉𝐿𝐶𝐴 =  0,02 𝑡 𝐶𝑂2  (grid) 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑠𝑜𝑙𝑎𝑟𝑃𝑉
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑃𝑉𝐿𝐶𝐴 =  3,82 𝑡 𝐶𝑂2  (𝑜𝑛 − 𝑠𝑖𝑡𝑒) 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝐿𝐶𝐴 =  0,14 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0,03 𝑡 𝐶𝑂2   

 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝑆𝑇 = 8,88 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝐿𝐶𝐴 = 9,49 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝐸𝐸𝑡𝑜𝑡𝑎𝑙_𝑆𝑇 = 8,88 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝐸𝐸𝑡𝑜𝑡𝑎𝑙_𝐿𝐶𝐴 = 13,31 𝑡 𝐶𝑂2 

 

The example above indicates that the intensity of the electricity supply for the 

reference scenario in terms of GHG emissions decreases from approximately 

0,304111 t CO2 eqv / MWh to 0,324043 t CO2 eqv / MWh, which is almost 25% less in 

comparison to the default emission factors for the electricity supplied from the power 

grid in Slovenia. The implementation of the proposed renovation measures would 

reduce the emission caused by electricity supplied from the grid to 8,88 or 9,49 t 

according to the standard and LCA methods, respectively. The total GHG emissions 

would amount to 13,31 t CO2 eqv, which marks a reduction of 34,39 t per annum (app. 

72,1 %).  

 

Outputs and results for case study building 

The calculation approach for determining the impact on GHG emission as a result of 
decreased demand for electricity supplied from the grid indicated a reduction of 47,2 
and 49,9 tonnes (standard and LCA, respectively), while the particular example of the 
test case building gives a lower reduction.  
 

Output/ Benefit Result [MWh] 
Reduction of GHG emissions (actual) 34,39 

Emission factor (actual – standard approach) 

Emission factor (actual – LCA approach) 

≈ 0,06 

≈ 0,09 
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Figure 38. Reduction of GHG emissions for remote and onsite electricity supply 

(actual). 
 

Use of primary energy resources for electrical energy supply  

The main energy resources required to supply the test case building with electricity 

are derived from the physical energy content of fuels identified for the national energy 

mix of the country where the building is located.  

 

 
Figure 39. Calculation of energy resources used for electricity production. 

 
The calorific (heating) values are commonly established in kWh for the respective 

measurement units (kg, m3, l) and adapted in the calculation according to the energy 

carrier density. The calorific value for coal in the following calculation is adopted 

(reduced by one half from the default) to the specific test case where lignite is used 

(approximately 10 MJ/kg ≈ 3,07 kWh/kg). Without the correction, the calculation would 

be more representative of other types of coal with higher quality.  

 

Status quo: 

𝑚𝑐𝑜𝑎𝑙_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑐𝑜𝑎𝑙
 )/ (

𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒𝐶𝑜𝑎𝑙𝐴𝑉𝐺

2
)} = 𝟑𝟖𝟔𝟐𝟑 𝒕   

𝑣𝑛𝑎𝑡𝐺𝑎𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑁𝑎𝑡𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,75} = 𝟏𝟎𝟕𝟒, 𝟔 𝒎𝟑 

𝑣𝑜𝑖𝑙_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑂𝑖𝑙_𝐴𝑉𝐺)/ 0,9} = 𝟒𝟑, 𝟕 𝒍 

𝑚𝑢𝑟𝑎𝑛𝑖𝑢𝑚_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑈𝑟𝑎𝑛𝑖𝑢𝑚_𝐴𝑉𝐺)/} = 𝟏, 𝟏𝟏𝟑 𝒌𝒈 

𝑚𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐴𝑉𝐺)/= 𝟗𝟎𝟖, 𝟗 𝒌𝒈 
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𝑚𝑅𝑤𝑎𝑠𝑡𝑒_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒  /𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟎 𝒌𝒈 

𝑚𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟑𝟗, 𝟖𝟓 𝒌𝒈 

𝑣𝑏𝑖𝑜𝑔𝑎𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐵𝑖𝑜𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,8} = 𝟒𝟕𝟎, 𝟔𝟒 𝒎𝟑 

 

After renovation: 

RM1: Install solar PV onsite the building 

RM2: Install solar PV power station (remote) 

RM3: Construct wind farm (remote) 

 

𝑚𝑐𝑜𝑎𝑙_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑐𝑜𝑎𝑙
 )/ 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐶𝑜𝑎𝑙_𝐴𝑉𝐺/2} = 𝟏𝟗𝟐𝟑 𝒌𝒈   

𝑣𝑛𝑎𝑡𝐺𝑎𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑁𝑎𝑡𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,75} = 𝟏𝟗𝟓, 𝟏 𝒎𝟑 

𝑣𝑜𝑖𝑙_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑂𝑖𝑙_𝐴𝑉𝐺)/ 0,9} = 𝟖, 𝟕𝟑 𝒍 

𝑚𝑢𝑟𝑎𝑛𝑖𝑢𝑚_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟
 / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑈𝑟𝑎𝑛𝑖𝑢𝑚_𝐴𝑉𝐺)/} = 𝟐𝟐𝟐, 𝟔 𝒈 

𝑚𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐴𝑉𝐺)/= 𝟏𝟖𝟏, 𝟖 𝒌𝒈 

𝑚𝑅𝑤𝑎𝑠𝑡𝑒_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒  /𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟎 𝒌𝒈 

𝑚𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟕, 𝟗𝟕 𝒌𝒈 

𝑣𝑏𝑖𝑜𝑔𝑎𝑠_𝐸𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐵𝑖𝑜𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,8} = 𝟗𝟒, 𝟏𝟑 𝒎𝟑 

 

The introduction of the proposed renovation measures would directly offset 36.7 

tonnes of coal, 879 cubic meters of natural gas, approximately 35 litres of oil, 890 

grams of nuclear fuel, 727 kg of primary solid biofuels, 32 kg of non-renewable waste 

and about 376 cubic meters of biogas.  

Applying the same approach as in the previous examples for quantifying how much 

fossil energy was actually offset (guarantees of origin) not only in direct relation to the 

final energy demand of the test case building, but in accordance with the total amount 

of energy produced with additional RES capacity (RM2 and RM3). The results of the 

module indicated that the cumulative impact of the implemented remote renovation 

measure (grid-tied, outside the analysis boundary of the building) in terms of GHG 

emission reduction is 14102,2 tonnes annually. At the same time, the investment 

reduced the requirement for coal at 2305,5 tonnes and 3590 tonnes of natural gas.  

 
 

After renovation (cumulative impact of remote renovation measures):  

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝑆𝑇_𝑇𝐶 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  4993,53 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝐶𝑜𝑎𝑙_𝐿𝐶𝐴_𝑇𝐶 =  𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  5188,2 𝑡 𝐶𝑂2  

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑊𝑖𝑛𝑑𝐶𝑜𝑎𝑙_𝑆𝑇_𝑇𝐶 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  8201,81 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑊𝑖𝑛𝑑𝐶𝑜𝑎𝑙_𝐿𝐶𝐴_𝑇𝐶 =  𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  9744,7 𝑡 𝐶𝑂2  
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𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑆𝑜𝑙𝑎𝑟𝑃𝑉_𝐿𝐶𝐴_𝑇𝐶 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  424,7 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐸𝐸𝑊𝑖𝑛𝑑_𝐿𝐶𝐴_𝑇𝐶 = 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑐𝑜𝑎𝑙_𝑇𝐶 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  406,03 𝑡 𝐶𝑂2   

 

Outputs and results for case study building 

The impact of the renovation measures is finally expressed as a reduction of major 
energy carriers (fuel) used for the production of electrical energy remotely and onsite 
the location of the test case building.  
 

Output/ Benefit Result  
Reduction of coal used for electricity supply 36,7 t 

Reduction of natural gas used for electricity supply  

Reduction of oil used for electricity supply  

Reduction of nuclear fuel used for electricity supply  

Reduction of primary solid biofuels for electricity supply 

Reduction of renewable waste for electricity supply 

Reduction of non-renewable waste for electricity supply 

Reduction of biogas for electricity supply 

879,50 m3 

34,9 l (dm3) 

890 g 

727 kg 

0 

32 kg 

376,5 m3 
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Figure 40. Reduction of energy resources used for electricity supply. 
 

Model to estimate impact of heat energy supply 
 

The case study building has a reference yearly average demand for heat that includes 

space heating and DHW preparation at 470,887 MWh. The building is supplied by 

heating energy through the local district heating network that uses coal (lignite) as the 

main fuel. 

Calculate energy loses of energy supplied through the DH network  

Similarly, as in the example for the supply of electrical energy from the power grid, the 

methodology accounts for the losses in transmission of the DH network delivering heat 

to the test case building.  

 

 
Figure 41. Energy consumption benchmark and input sources for heat. 

 

Depending on the location, efficiency and operational mode of the DH network, three 

baseline ranges of energy losses are accounted for: a minimum, moderate and 

maximum loss (5%, 10% and 15%). The default is set to an average 10% overall loss 

from production to the final consumer.  
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Status quo: 

𝑄ℎ𝑒_𝐷𝐻𝐿_𝑚𝑖𝑛 =  (1 + 𝜂𝑑ℎ_𝑙𝑜𝑠𝑠_𝑚𝑖𝑛) ∗  𝑄ℎ𝑒𝐺𝑟𝑂𝑠
 (𝑄ℎ𝑒,𝑢)  =   494,431 𝑀𝑊ℎ 

𝑄ℎ𝑒_𝐷𝐻𝐿_𝑚𝑖𝑑 =  (1 + 𝜂𝑑ℎ_𝑙𝑜𝑠𝑠_𝑚𝑖𝑑) ∗  𝑄ℎ𝑒𝐺𝑟𝑂𝑠
 (𝑄ℎ𝑒,𝑢)  =   𝟓𝟏𝟕, 𝟗𝟕𝟔 𝑴𝑾𝒉 

𝑄ℎ𝑒_𝐷𝐻𝐿_𝑚𝑎𝑥 =  (1 + 𝜂𝑑ℎ_𝑙𝑜𝑠𝑠_𝑚𝑎𝑥) ∗  𝑄ℎ𝑒𝐺𝑟𝑂𝑠
 (𝑄ℎ𝑒,𝑢)  =   541,520 𝑀𝑊ℎ 

𝑄ℎ𝑒_𝐷𝐻𝐿_𝑜𝑛𝑠𝑖𝑡𝑒 = 1 ∗  𝑄ℎ𝑒𝐺𝑟𝑂𝑠
 (𝑄ℎ𝑒,𝑢)  =   470,887 𝑀𝑊ℎ 

 
Considering that the heat is delivered through a lignite-fired DH network, the energy 

supply is attributed to coal ( 𝑄ℎ𝑒𝐺𝑟𝑂𝑠
 (𝑄ℎ𝑒,𝑢) =  𝑄ℎ𝑒_𝑐𝑜𝑎𝑙 ). Other types of coal of better 

quality (brown, anthracite, bituminous, subbituminous) are not considered individually, 
however their reduced impact can be modelled by changing the default characteristics 
of the energy content and generic GHG emissions.  
 
In the event that heat is not supplied from a DH network, but produced onsite (within 
the system boundary), energy losses are disregarded from the calculation 
(𝑄ℎ𝑒_𝐷𝐻𝐿_𝑜𝑛𝑠𝑖𝑡𝑒). 

 

Calculate primary energy consumption for heat supply  

Based on the thermal conversion efficiencies of different energy carriers, primary 

energy use resulting from the supply of heat to the building is determined. For 

combustible fuels the default thermal conversion efficiency is set at η=0.7, while for 

non-combustible RES primary energy factors are used (1.08 for solar and 1.01 for 

geothermal – heat pumps are considered within the supply of electrical energy).  

 

 
Figure 42. Primary energy consumption for heat. 

 

The renovation measure that is included in the analysis is the substitution of the fuel 

source with an alternative that is less intensive in terms of its environmental impact as 

expressed by the main module outputs, primary energy consumption and green-house 

gas emissions. In the example of the baseline scenario, the test case building is 

supplied with heat by a DH network fuelled by soft coal and the calculation addresses 

the impacts of substituting lignite with co-firing of RDF (Refuse Derived Fuel), which 

is currently counted as a renewable waste fuel. Within a cofiring setup, the existing 

coal fired thermal power plant could include a mass share of RDF that represents 10% 

of its energy requirement. In this scenario, the energy is still supplied from the DH 

network so energy losses remain the same. However, from the 470,887 MWh of the 
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final energy demand of the building, one tenth is now provided by the combustion of 

renewable waste (47,1 MWh). In this case, we assume that the thermal efficiency of 

both fuels remains unchanged η=0,7, therefore from the perspective of the energy 

content of fuels (disregarding that RDF is categorized as a renewable fuel), the primary 

energy requirements are the same.  

Status quo: 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 =  𝜂ℎ𝑒_𝑐𝑜𝑎𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 739,97 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝑔𝑎𝑠 =  𝜂ℎ𝑒_𝑛𝑎𝑡𝐺𝑎𝑠 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 =  𝜂ℎ𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒 =  𝜂ℎ𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑜𝑖𝑙 =  𝜂ℎ𝑒_𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜 =  𝜂ℎ𝑒_𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 =  𝜂ℎ𝑒_𝑛𝑎𝑡𝐺𝑎𝑠 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝐺𝑒𝑜𝑇 =  𝜒𝑃𝐸𝐹_𝑔𝑒𝑜𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 =  𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑡𝑜𝑡𝑎𝑙 =  𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 + 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝑔𝑎𝑠+. . . +𝑄𝑝𝑟𝑖𝑚_𝐻𝐸(𝑛) = 739,97 𝑀𝑊ℎ 

 

After renovation:  

RM1: Replace DH fuel for heating energy (REMOTE) 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 =  𝜂ℎ𝑒_𝑐𝑜𝑎𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 665,97 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝑔𝑎𝑠 =  𝜂ℎ𝑒_𝑛𝑎𝑡𝐺𝑎𝑠 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 =  𝜂ℎ𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 53,62 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒 =  𝜂ℎ𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑜𝑖𝑙 =  𝜂ℎ𝑒_𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜 =  𝜂ℎ𝑒_𝑜𝑖𝑙𝑃𝑜𝑤𝑒𝑟𝐻𝑒𝑎𝑡 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 =  𝜂ℎ𝑒_𝑛𝑎𝑡𝐺𝑎𝑠 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝐺𝑒𝑜𝑇 =  𝜒𝑃𝐸𝐹_𝑔𝑒𝑜𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 =  𝜒𝑃𝐸𝐹_𝑠𝑜𝑙𝑎𝑟𝑇ℎ𝑒𝑟𝑚𝑎𝑙_𝑑 ∗  𝑄ℎ𝑒𝐷𝐻𝐿𝑚𝑖𝑑
= 0 𝑀𝑊ℎ 

𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑡𝑜𝑡𝑎𝑙 =  𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 + 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝑔𝑎𝑠+. . . +𝑄𝑝𝑟𝑖𝑚_𝐻𝐸(𝑛) = 739,97 𝑀𝑊ℎ 

 
 

Calculate GHG emissions for heat supply  

Applying the same approach as for the calculation of green-house gas emission 

resulting from the supply of electricity, emission factors for each energy carrier are 
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referenced along with the calculated primary energy use in order to determine the 

specific emissions of the CO2 equivalent.   

 

Figure 43. Calculating GHG emission for the supply of heat. 
 

Status quo: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐶𝑜𝑎𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑐𝑜𝑎𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  𝟐𝟔𝟏, 𝟎𝟐 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝐺𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑂𝑖𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐺𝑒𝑜𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑔𝑒𝑜𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐶𝑜𝑎𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  𝟐𝟕𝟏, 𝟐𝟎 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑛𝑎𝑡𝐺𝑎𝑠
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑂𝑖𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐺𝑒𝑜𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑔𝑒𝑜𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑒𝑜𝑡𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑇𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝐷𝐻_𝑆𝑇 = 261,02 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝐷𝐻_𝐿𝐶𝐴 = 271,20 𝑡 𝐶𝑂2 
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After renovation:  

RM1: Replace DH fuel for heating energy (REMOTE) 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐶𝑜𝑎𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑐𝑜𝑎𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝑆𝑇 =  𝟐𝟑𝟒, 𝟗𝟐 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝐺𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑂𝑖𝑙_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐺𝑒𝑜𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑔𝑒𝑜𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 0 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  𝟎, 𝟓𝟐 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝑆𝑇 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝑆𝑇 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐶𝑜𝑎𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐶𝑜𝑎𝑙𝐿𝐶𝐴 =  𝟐𝟒𝟒, 𝟎𝟖 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑎𝑡𝐺𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑛𝑎𝑡𝐺𝑎𝑠
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑎𝑡𝐺𝑎𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑂𝑖𝑙_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐻𝐸𝑜𝑖𝑙
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑂𝑖𝑙𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑃𝑆𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐺𝑒𝑜𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑔𝑒𝑜𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐺𝑒𝑜𝑡𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑆𝑜𝑙𝑎𝑟𝑇_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑠𝑜𝑙𝑎𝑟𝑇 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑆𝑜𝑙𝑎𝑟𝑇𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝐵𝑖𝑜𝑔𝑎𝑠_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑏𝑖𝑜𝑔𝑎𝑠 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐵𝑖𝑜𝑔𝑎𝑠𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑅𝑤𝑎𝑠𝑡𝑒 ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  𝟕, 𝟖𝟕 𝒕 𝑪𝑶𝟐   

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐻𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐿𝐶𝐴 = 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒
∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑁𝑅𝑤𝑎𝑠𝑡𝑒𝐿𝐶𝐴 =  0 𝑡 𝐶𝑂2   

 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝑆𝑇 = 235,44 𝑡 𝐶𝑂2 

𝑚_𝐺𝐻𝐺𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛_𝑔𝑟𝑖𝑑_𝐿𝐶𝐴 = 251,94 𝑡 𝐶𝑂2 

 
The example demonstrates that the substitution of a smaller share of the input fuel 
source for the DH network from coal to renewable waste reduces the GHG emissions 
by approximately 25,6 or 19,3 tonnes per year according to the standard and life-cycle 
assessment approach, respectively.  
 

Use of primary energy resources for heat energy supply  

The main energy resources required to supply the test case building with electricity 

are derived based on the physical energy content of fuels identified for the national 

energy mix of the country where the building is located.  
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Figure 44. Calculate the use of primary energy carriers for the supply of heat. 

 

Status quo: 

𝑚𝑐𝑜𝑎𝑙_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑐𝑜𝑎𝑙)/ 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐶𝑜𝑎𝑙_𝐴𝑉𝐺} = 𝟐𝟒𝟏, 𝟎𝟑 𝒕   

𝑣𝑛𝑎𝑡𝐺𝑎𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐻𝐸𝑛𝑎𝑡𝐺𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑁𝑎𝑡𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,75} = 𝟎 𝒎𝟑 

𝑣𝑜𝑖𝑙_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑂𝑖𝑙_𝐴𝑉𝐺)/ 0,9} = 𝟎 𝒍 

𝑚𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐴𝑉𝐺)/= 𝟎 𝒌𝒈 

𝑚𝑅𝑤𝑎𝑠𝑡𝑒_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒  /𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟎 𝒌𝒈 

𝑚𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟎 𝒌𝒈 

𝑣𝑏𝑖𝑜𝑔𝑎𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐵𝑖𝑜𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,8} = 𝟎 𝒎𝟑 

 

After renovation: 

𝑚𝑐𝑜𝑎𝑙_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚𝐸𝐸𝑐𝑜𝑎𝑙
 )/ 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐶𝑜𝑎𝑙_𝐴𝑉𝐺} = 𝟐𝟏𝟔, 𝟗𝟑 𝒕   

𝑣𝑛𝑎𝑡𝐺𝑎𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑎𝑡𝐺𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑁𝑎𝑡𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,75} = 𝟎 𝒎𝟑 

𝑣𝑜𝑖𝑙_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑜𝑖𝑙  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑂𝑖𝑙_𝐴𝑉𝐺)/ 0,9} = 𝟎 𝒍 

𝑚𝑢𝑟𝑎𝑛𝑖𝑢𝑚_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑛𝑢𝑐𝑙𝑒𝑎𝑟  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑈𝑟𝑎𝑛𝑖𝑢𝑚_𝐴𝑉𝐺)/} = 𝟎 𝒈 

𝑚𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑠𝑜𝑙𝑖𝑑𝐵𝑖𝑜  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑆𝑜𝑙𝑖𝑑𝐵𝑖𝑜𝑓𝑢𝑒𝑙𝑠_𝐴𝑉𝐺)/= 𝟎 𝒌𝒈 

𝑚𝑅𝑤𝑎𝑠𝑡𝑒_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑅𝑤𝑎𝑠𝑡𝑒  /𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟏𝟕, 𝟑 𝒕 

𝑚𝑁𝑅𝑤𝑎𝑠𝑡𝑒_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑁𝑅𝑤𝑎𝑠𝑡𝑒  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝑊𝑎𝑠𝑡𝑒_𝐴𝑉𝐺)} = 𝟎 𝒌𝒈 

𝑣𝑏𝑖𝑜𝑔𝑎𝑠_𝐻𝐸 = {(1000 ∗ 𝑄𝑝𝑟𝑖𝑚_𝐸𝐸𝑏𝑖𝑜𝑔𝑎𝑠  / 𝐶𝑎𝑙𝑜𝑟𝑖𝑓𝑖𝑐𝑉𝑎𝑙𝑢𝑒_𝐵𝑖𝑜𝐺𝑎𝑠_𝐴𝑉𝐺)/ 0,8} = 𝟎 𝒎𝟑 

 

10 Cost/ Benefit assessment  
 

Payback time, RoI and NPV 
The payback time is the combined output of all modules. It shows the cost/benefit of 
energy efficiency and supply side measures in a concrete value: the timespan until all 
investments are paid back due to their yearly or one-time financial benefits like energy 
cost savings. In the holistic evaluation of energy efficiency investments, the payback 
period should only be one of many criteria and qualitative aspects as well as non-cash 
flow benefits have to be incorporated in planning activities as well.  
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However, payback time is a powerful indicator and in the following, the main elements 
of this calculation in the EERAdata project, are discussed.  
 
All costs used in the calculations are based on cost factors described in section 3 and 
all benefits are derived from the benefit factors that were described in sections 4 to 7. 
Maintenance is not included in the calculations and operational costs are limited to 
energy cost. Sick day cost reduction as well as productivity increases are calculated 
relative to the current status quo baseline.  
 
It is assumed that the yearly cost parameters like energy costs or CO2 prices are 
changing every year. Furthermore inflation, discounts or reduction of value over time 
has also to be taken into account. Thus the following time-dependent variables have 
been defined and integrated into the payback time calculation.  
 

• Discount rate: determines the present value of future cash flows. It is reflecting 
a reduction of investment value over time. This might include inflation rates, 
bank discount rates, general loss of value of certain goods and work and more. 
In EERAdata, the discount rate was fixed to 3% per year.  

• Increase of electricity prices per year: electricity prices are volatile especially 
with the varying amounts of renewable energies. In the EERAdata payback 
calculation a yearly increase of electricity prices (for the standard electricity mix) 
is defined as 0 € /year.  

• Increase of heating prices per year (baseline: gas): the development of cost 
for heating follows a small but steady increase, especially when taking 
conventional energy sources into account. Here a yearly increase of 1% was 
taken into account.   

• Increase of CO2 Emission trading system cost per year: Emission trading 
costs had an all-time peak in 2021 and the average trend will rise in the 
following years. Thus, a yearly increase of 2%/year for ETS cost has been 
incorporated into the calculations.  

• Increase of CO2 Taxes per year: in the year of this report (2021), not all 
member states had a CO2 tax system established. The established rates where 
low in the beginning. A steady increase in CO2 taxes is expected over the next 
years and decades. Thus, a yearly increase of 2% / year was assumed.  

 

Payback period:  
The payback period is the period of time that a project takes to generate cash flows 
when the cumulative present value of the cash flows equals the initial investment cost 
(CFI 2021). The return cash flow is determined through energy cost savings, 
productivity increase, etc. In short, the payback period is the number of years until the 
net present value of the project turns positive. The discounted payback period 
evaluates the profitability and timing of cash inflows of a project or investment. It  
 

If NPV (pa) > 0 ; n = PT 

 
Where: 
PT =  Payback time 
NPV = Net Present Value 
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Net present value [NPV] 
 

NPV (pa) = ∑
𝐶𝑛

(1 + 𝑑)𝑛
− 𝐼𝑛𝑣

𝑝𝑎

𝑛=1

 

 
Where  
 
Cn =  net cash inflow during the period of analysis  
d =  discount rate  
n = the number of years between the base date and the project service life  
pa =  the period of analysis 
Inv =  Combined investment cost 
 
 
The combined investment costs consist of:  

- 
Required investment to renovate the case building € (one-time cost) 

   
Estimated Investment per m²  102 € 

Estimated investment for case building 664.020 € 

 
The combined net cash flow during the period of analysis consists of the calculated 
benefits of each EERAdata assessment module, multiplied with the increase of cost 
for some of these values over time. The following numbers are based on the case 
study, introduced in the beginning of this report.  
 

+ 
Benefit (positive) [€/Building] * yearly increase  

 
Energy related savings 

Energy related savings Result (€/year) Result (€/year) 
incl. Discount 

rate 3% 

20-year assessment + 
yearly price increase (1% 

for heating, 0% for 
electricity) + discounted 

cash flow 

HCS: Total heating cost 
savings for selected 
building  

-651.00 € -638.36 € -11,316.15 € 

ECS: Total electricity 
cost savings for 
selected building 

Not assessed Not assessed Not assessed 

 
Socio-economic savings (municipal cash flow) 

Socio-economic 
savings 

Result (€/year) Result (€/year) 
incl. discount 

cash flow 

20-year assessment + 
price increase (2% for ETS 
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costs, 2% for Tax costs) + 
discounted cash flow 

ETSS: ETS CO2 cost 
savings /year 

3.587,57 € 3.552,74 € 68.455,25 €  

TAXS: CO2 Tax cost 
savings /year 

2.029,02 € 2.009,32 € 38.716,20 € 

TTR: Trade tax return 
to public budget € - 
one-time benefit 

12.694 €  12.694,50 € 

ITR: Total income tax 
returns for real building 
size - one-time benefit 

61.975 €  61.975,20 € 

RIP: Reduced illness 
absence among pupils 

97.500 € 94.660 € 1.548.054 € 

RIT: Reduced illness 
absence among 
teachers 

9.000 € 8.738 € 142.897 € 

 
Societal socio-economic savings (national, societal cash flow) 

Societal socio-
economic savings 

Result (€/year) Result (€/year) 
incl. discount 
cash flow 

20 year assessment + 
discounted cash flow 

SCC: Social CO2 cost 
savings /year 

12.903,32 € 12.527,50 € 204.872,14 € 

RUS: Reduced 
unemployment 
spending - one-time 
benefit 

- - 237.229 € 

IPP: Increased pupils 
performance due to 
better indoor 
environment in school 

102.000 € 99.029 € 1.619.502 € 

RPPA: Increased pupils 
performance due to 
reduced illness 
absence 

14.500 € 14.078 € 230.223 € 

 
Using these numbers, the formulas for the various net present values for EERAdata 
are: 
 

Net Present Value only energy cost related for 20 years: 
 

NPV = ∑
(𝐸𝐶𝑆 + 𝐻𝐶𝑆

(1 + 0,03)𝑛
− 𝐼𝑛𝑣

20

𝑛=1

 

 
 

Net Present Value for socio-economic parameters on local level for 20 years: 
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NPV = ∑
(𝐸𝐶𝑆 + 𝐻𝐶𝑆 + 𝐸𝑇𝑆𝑆 + 𝑇𝐴𝑋𝑆 + 𝑅𝐼𝑃 + 𝑅𝐼𝑇

(1 + 0,03)𝑛
+ 𝑇𝑇𝑅 + 𝐼𝑇𝑅 − 𝐼𝑛𝑣

20

𝑛=1

 

 
 

Net Present Value for societal parameters on national level for 20 years: 
 

NPV (20 years) = 

∑
(𝐸𝐶𝑆 + 𝐻𝐶𝑆 + 𝐸𝑇𝑆𝑆 + 𝑇𝐴𝑋𝑆 + 𝑅𝐼𝑃 + 𝑅𝐼𝑇 + 𝑆𝐶𝐶 + 𝐼𝑃𝑃 + 𝑅𝑃𝑃𝐴

(1 + 0,03)𝑛
+ 𝑇𝑇𝑅 + 𝐼𝑇𝑅 + 𝑅𝑈𝑆 − 𝐼𝑛𝑣

20

𝑛=1

 

 
 
 
Out of these numbers one can also calculate the return of investment which shows 
the profitability of a project:  
 

Return Of Investment (ROI): 
ROI is the ratio of the return of the investment relative to the investment cost (Appraiz et al 
2017).  
  

𝑅𝑂𝐼𝑝𝑎 =  
𝑁𝑃𝑉 𝑝𝑎

𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡
∗ 100 

 
 

Case study results 
When applying the above rules and adding the results from the case study building 
from each assessment module of the EERAdata DST, the following tables show the 
calculated discounted payback periods, Net Present Values and Return of investment. 
  

Discounted Payback Period Years 

1. Discounted payback time with energy savings only (without wider 
benefits) 

1173 

2. Discounted payback time including socio-economic benefits 38.01 

3. Discounted payback time including societal socio-economic 
benefits  

1.25 

  

 

Net Present Values for 20 years € 

1. NPV without wider benefits -675,466.35 

2. NPV including socio-economic benefits -279,278.30 

3. NPV including societal socio-economic benefits  5,299,184.96 
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Return of Investment after 20 years % 

1. ROI without wider benefits -102% 

2. ROI including socio-economic benefits -42% 

3. ROI including societal socio-economic benefits  798% 

  

Each indicator was calculated with the following set of costs and benefits:  
 
1. Without benefits, only energy related savings 
- Energy cost reduction 
 
2. With wider socio-economic benefits 
- Reduction of sick-days among teachers and the parents or other relatives that have 
   to take care of the ill pupils in 0th to 6th grades 
- Increase of teachers performance  
- Tax returns (income and trade tax) 
- Reduction of CO2 emission cost (Tax, ETS) 
 
3. With societal socio-economic benefits 
- Increase of pupil performance due to higher learning performance in school 
- Job creation  
- Reduction of social CO2 emission cost 
- Reduction of unemployment expenditure 
 
Figure 45 shows the cumulative cashflows for the three ways of quantifying the 
discounted payback period. As the energy performance of the case building was 
relatively high even before the renovation, the discounted payback period that takes 
into account only energy savings is extremely long and not an attractive renovation 
alternative. With socio-economic benefits and in particular the societal socio-economic 
benefits included, the renovation changes to a highly attractive renovation option. For 
the case building this means that the largest potential is not the energy savings per 
se, but the added benefit of a better indoor environment, job creation and reduced 
global warming potential. 
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Figure 45. Payback times for scenarios with benefits from only energy savings and 

with socio-economic and societal socio-economic benefits included in the 
calculation. 

 
For the case study building it could be concluded that an investment in improved 
building services, like ventilation and an upgrade of the heating system creates much 
more benefits than investing in energy efficiency measures like the upgrade of 
insulation of the building. It also shows that the building was already in a good energy 
performance state before the renovation but significantly lacked good indoor quality 
and caused high greenhouse gas emissions due to the outdated technology.  
 

Supply side cost-benefits and payback 
 
Evaluation of the supply-side costs and benefits required assessing the ratio of energy 
supplied to the case building and generated by the supply renovation measure. For 
onsite generation, this assessment was more straightforward than for grid-connected 
delivery, where the case building only accounts for a minor part of the generated 
energy. The table below shows the assumed share of the case building's energy use 
that was substituted by a supply-side renovation measure, the cost of installation per 
kW, the total investment coast and the resultant payback time. Increased electricity 
generation by photovoltaics was the most favorable solution, whereas wind or district 
heating generated remotely offered longer paybck periods. Yet, all the evaluated 
solutions resulted in discounted payback periods longer than what is usually 
considered viable. 
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Supply-side renovation measures  
Share of 
energy use 
substituted 
by measure 
(%) 

Cost of 
measure 
per unit of 
installed 
power  
(€/kW) 

Total cost of 
investment 
(€) 

Discounted 
payback 
time 
(years) 

PV, onsite 80 1000 112.000 12.4 

PV farm (10 MW), remote 8 700 7.000.000 12.6 

Wind farm (50 MW), remote 

0.27 1200 60.000.000 28.6 

District heating (10% renewable 
waste), remote 10  20.000.000 15.3 

 
 

Project Performance Indicator 
 
The main project performance indicator (PPI) measures the value accrued from 
energy cost reductions, socio-economic benefits from better indoor environment, and 
societal socieconomic gains against the benefits of an alternative investment in 
supply-side renovation measures. The perfomance indicator can be expressed as: 
 

𝑃𝑃𝐼 =  
𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑖𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙 𝑖𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑢𝑝𝑝𝑙𝑦 𝑠𝑖𝑑𝑒
 

 
The approach to estimate the wider benefits of investment in energy supply, such as 
job creation, reduced CO2 emission, etc., is not yet complete. As a consequence, the 
project performance indicator as defined above cannot be reliably calculated. Work is 
ongoing to implement these elements in the estimation of the feasibility of supply-side 
investment. Instead at this project stage, a comparison of the feasibility of investment 
in either energy efficiency or energy supply is based on the calculated payback times. 
Here, the potential of the case building to improve energy efficiency with the applied 
measures was rather modest. The investment in energy efficiency therefore resulted 
in only modest reduction of the energy use. However, the improved indoor 
environment and the societal socio-economic benefits were considerable and 
significantly reduced the investment payback period. When these benefits were 
included in the evaluation, the payback period was reduced considerably. Without the 
wider benefits included, the discounted payback time of the investment in the supply 
side ranged between 12 and 29 years. With the wider benefits included, these periods 
will be somewhat shorter, although exactly how much shorter remains to be calculated 
when this step of the tool is enabled. 
 
The expected value of the project performance indicator is around 2, indicating that 
the return of the investment in energy efficiency is twice that of investment in energy 
supply. With a payback period as short as 2.9 years for the investment in increased 
energy efficiency of the case building, a value of the PPI in this range may not be 
unrealistic. 
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11 Requirements of the end-users 
In this task we will run a workshop with frontrunner partners and advisory board 
members with the purpose of testing and validating the EERAdata methodology 
developed in Task 3.2. The task will ensure that the methodology addresses the needs 
and requirements of its end-users, before it, in its final form, is ‘codified’ into the 
EERAdata decision-support tool. Workshop participants will be asked to evaluate their 
understanding of the methodology and its usefulness in the context of 
regional/municipal policy-making for EE. The participants will also be asked to 
envision a series of scenarios to test the application of the methodology, and to specify 
any requirements they might have with regards to the operation and interface of the 
EERAdata tool. 
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