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Gebäudebestand in Österreich
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Abbildung: Entwicklung des Gebäudebestandes in Österreich, Quelle: 
www.statistik.austria.at, 15.03.2005
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Quelle: Statistik Austria, (2004)
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Energy carriers in Austrian householdsEnergy carriers in Austrian households
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Quelle: Statistik Austria, (2005)
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Heating values and specific CO2-emissions of 
fossil fuelsfossil fuels

Energy carrier Lower heating 
l

CO2-emissions
(related to lower heatingEnergy carrier value (related to lower heating 

value)

Hard coal 8,14 kWh/kg 0,350 kg/kWh

Lignite 2,68 kWh/kg 0,410 kg/kWh

Ignite briquetts 5 35 kWh/kg 0 380 kg/kWhIgnite briquetts 5,35 kWh/kg 0,380 kg/kWh

Coke 7,50 kWh/kg 0,420 kg/kWh

Heavy duty oil 10,61 kWh/l 0,290 kg/kWh

Oil „extra light“ 10,08 kWh/l 0,270 kg/kWh
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Natural gas 10,00 kWh/m3 0,200 kg/kWh
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Example: Mid European climate
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Energy demand of buildingsgy g
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Specific space heating energy demand of single (SFH) 
and multi family buildings (MFH-K : small, MFH-G big) y g ( g)

in decpendenc of year of errection in Austria
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Quelle: Jungmeier, et al. (1996)
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CO2-emissions from space heating ofCO2 emissions from space heating of 
appartements in Austria
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Quelle: eigene Berechnung



Energieeffizientes Bauen 
Institut für Konstruktion und Materialwissenschaften

universität innsbruckCzAt Winter/Summer School 

CO2-equivalent emissions from the residential 
sector (Raumwärme Haushalte) and other small 

use in Austria
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Quelle: BMLFUW (2005)
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Trendscenario of thermal renovation and fuel 
switch of all Austrian dwellings (basic data fromswitch of all Austrian dwellings (basic data from 

Statistik Austria, 2001)
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Quelle: eigene Berechnung
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Steps of integrated building design für low energy 
demanddemand

Boundary conditions
(Size, orientation, number of persons, climatic indoor conditions,

Costs (errection and operation), etc.)

Energetical optimization of the building itselfEnergetical optimization of the building itself
(measures at the building)

Simple and efficient heating, ventilation, cooling system

Ecologically benign heat and cold production
(renewable energy carriers)
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(renewable energy carriers)
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Energetical System Building

Building behaviour
A ti th l

Control
I d i t t

g y g

– Active thermal mass
– Passive solar energy use

– Indoor air temperature 
controlled  (centralized, 
decentralized)

User behaviour
– Ventilation

– Outdoor air temperature 
dependend (centralized) 
Analog digital

– Internal Heat gains
– Indoor air set temperature

Shading

– Analog - digital
– Irradiation controlled 
– Positioning of sensors

– Shading
g

Wolfgang STREICHER Folie:  15UIBK Energieeffizientes Bauen / Erneuerbare Energie



Energieeffizientes Bauen 
Institut für Konstruktion und Materialwissenschaften

universität innsbruckCzAt Winter/Summer School universität innsbruck

Energetical System Building
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Heat losses to the ground 
due to thermal conductivity 
(transmission losses) 
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Building Shape: Ratio of A/V for differetn shapes
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Quelle: Feist, W., 1998, Das Niedrigenergiehaus
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Heat transfer coefficient for transmission 
heat losses  
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Maximum 
U valuesU-values
(W/m²K) 
Austria 
(2007)
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Room air temperature – temperature of surrounding 
surfaces thermal comfortsurfaces  thermal comfort
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Same thermal insulation

                           Polystyrene  20 cm

Vacuum insulation  2 cm
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Avoiding thermal bridges

Problematic zones:

• Connection of roof 

• Windows

• Floor e.g. cellar 
ceiling

• Balkonies
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Thermal bridges, Thermographie

G d fl t llGround floor to cellar,       

Window          interior edge
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Material: Thermal conductivity  and density ρMaterial: Thermal conductivity  and density ρ
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Principal of active thermal mass
T TTq  2
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not DEPTH-0.1 0 0.1 0.2 0.3 0.4
Wall thickness in m
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Energy transmitttance through windows
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Energy transmittance (g) and heat transfer 
coefficient (U) for different glazingscoefficient (U) for different glazings

 Diffuse 
g-value

U-value 
glazingg g g

 in W/(m2 K) 
Insulating glazing (4 + 16 + 4 mm, air) 
Thermal insulation double-glazing (4 + 14 + 4 mm, argon) 

0.65 
0.60 

3.00 
1.30 

Thermal insulation double-glazing (4 + 14 + 4 mm, xenon)
Thermal insulation triple-glazing with argon filling  
Thermal insulation triple-glazing with krypton filling  
Th l i l ti t i l l i ith filli

0.58
0.44 
0.44 
0 42

0.90
0.80 
0.70 
0 40Thermal insulation triple-glazing with xenon filling  

10 cm plastic capillaries, one cover pane 
10 cm plastic honeycombs, one cover pane 
10 cm glass capillaries two panes

0.42
0.67 
0.71 
0 65

0.40
0.90 
0.90 
0 9710 cm glass capillaries, two panes

2.4 cm granular aerogel, two panes filled with air 
2 cm evacuated (100 mbar) aerogel plate, two panes 

0.65
0.50 
0.60 

0.97
0.90 
0.50 

The diffuse g-values were measured for a poor in iron 4 mm front pane, whereas for the U-values an 
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g p p ,
average sample temperature of 10 °C has been assumed. 
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SF = 0,95 north, 1,65 east/west, 2,4 south
eq W FU U S g 

Diffuse g value (gd ff ) U value of the window (U ) and equivalent U values (U )Diffuse g-value (gdiffuse), U-value of the window (Uw) and equivalent U-values (Ueq) 
corresponding to different glazing types (see /3-5/) 

 gdiffuse Uw Ueq 
(south)

Ueq 
(east/west)

Ueq 
(north)(south) (east/west) (north)

 in W/(m2 K) 
Simple glazing  
Double-glazing (air 4 + 12 + 4 mm)

0.87 
0.78 

5.8 
2.9

3.7 
1.0

4.4 
1.6

5.0 
2.2g g ( )

Double-glazing with thermal insulation  
and argon filling (6 + 15 + 6 mm) 
Triple-glazing with thermal insulation and 

0.60 
 

0.48 

1.5 
 

0.9 

0.1 
 

-0.3 

0.5 
 

0.1 

0.9 
 

0.4 
krypton filling (4 + 8 + 4 + 8 + 4 mm)
Triple-glazing with thermal insulation  
and xenon filling (4 + 16 + 4 + 16 + 4 mm) 

0.46 
 

0.6 
 

-0.5 
 

-0.2 0.2 
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2-panes windows
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3-pane low U windows
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Factors influencing the solar transmittance ofFactors influencing the solar transmittance of 
windows
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Shading by internal and external window blinds 
( ambient temperature  room temperature)(e ambient temperature, i room temperature)
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Time in h
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Cooling energy demand for different 
shading strategies in an office building
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Shading of transparent building surfaces by roof overhangs (left: 

one family home, right: multiple families home)

Well-insulated roof 

Summer

South
Winter

Winter Well-insulated roof
Summer

Living space with 
i l ti l i

Living spaceOptional 

Summer insulating glazing 
facing south 

Optionally 
glazed
loggiaLiving space 

with insulating 
glazing facing 
south

sun space 

Thermal mass

loggia 
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Thermal mass
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Solar position plot
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Azimuth in °
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Global radiation incident on surfaces with various alignments 
in Central Europe (climate Graz/Austria, 47° latitude)
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Summer Overheating in an office building (simulated)
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Natural ventilation
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Quelle: Bohne, Skript techn. 
Gebäudeausrüstung, UNI-Hannover
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Low-energy lean multi family building

Wolfgang STREICHER Folie:  39UIBK Energieeffizientes Bauen / Erneuerbare Energie



Energieeffizientes Bauen 
Institut für Konstruktion und Materialwissenschaften

universität innsbruckCzAt Winter/Summer School 

Solar houses
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„Passive row houses“
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„Solarhouses“ – „Passivhouses“
Gebäudekennfeld für ein Gebäude mittelschwerer Bauart und einigenGebäudekennfeld für ein Gebäude mittelschwerer Bauart und einigen 
realisierten Gebäuden: 7: Solarhaus Freiburg, 2: Passivhaus Kranichstein (a: 
Endhaus, b: Mittelhaus), Q´H: spezifischer Heizenergiebedarf (Voss, 1997) 
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EU Directive on the overall energy EU Directive on the overall energy 
performance of buildings (EPBD) and its performance of buildings (EPBD) and its performance of buildings (EPBD) and its performance of buildings (EPBD) and its 

effect on the planning of buildingseffect on the planning of buildings
Directive 2002/91/EG of the European Parliament and the CommissionDirective 2002/91/EG of the European Parliament and the Commission
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Motivation for DirectiveMotivation for Directive (16.12.2002)
• Reduction of the energy demand and the CO2Reduction of the energy demand and the CO2 

emission of buildings (space heating and hot tap 
water amounts to 40% of the total end-use energy 
demand in Europe)

• Value of buildings not (only) because of the location 
b t l b f th d d d th

E h i ti f t d d f l l ti

but also because of the energy demand and the 
operating costs

• European harmonization of standards for calculation 
and evaluation (certificates) of energy demand of 
buildingsbuildings

• Reduction of emissions by constant maintenance of 
boilers and air conditioning systems
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boilers and air-conditioning systems 
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Content of the DirectiveContent of the Directive
• Development of the calculation method (energy p ( gy

demand of heating (EN 13790), cooling (new), 
lightning (new) and losses of the production- and 
di t ib ti t ( )distribution systems (new)

• Fixing of average, g g ,
minimum and 
maximum energy 

 

Wärmeschutzklasse Energiekennzahl 
(standardisiert) 

 Niedriger Bedarf  
2) 

Heat demand class Energy demand
(standardized)  

Low demand

 

Wärmeschutzklasse Energiekennzahl 
(standardisiert) 

 Niedriger Bedarf  
2) 

Heat demand class Energy demand
(standardized)  

Low demand

demand of buildings 
by the national 
governments

.... kWh/(m² a) 

3)

.... kWh/(m² a) 

3)governments

• Development of 
energy certificates

3)3)
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energy certificates 
for buildings

 
 Hoher Bedarf 

 
High demand

 
 Hoher Bedarf 

 
High demand
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Calculation of Final, EndCalculation of Final, End--Use (and Use (and 
Primary Energy) DemandPrimary Energy) Demand

Calculation direction (from the demand to the source)

Primary Energy) Demand Primary Energy) Demand 

Q

Final energy
(boundary:building)

heat demandQ

QT

QS

Qi
Davi

Emission

Di t ib ti St

Qc,e

heat demandQV

Qh

d

GenerationDistribution Storage

QgQs
Qd

Primary
energy
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Energy direction (from the source to the demand)
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Possibilities of energetical limits in the building 
sectorsector

-U-Values of the components  in W/m²K

-LEK- Value of the building envelope in [-]

-Useful energie demand in kWh/m²aUse u e e g e de a d / a

-End-use energy demand in kWh/m²a

-primaryenergy demand in kWh/m²a

- CO2 – key figure kgCO2/m².a2 2
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Content of the DirectiveContent of the Directive
A li ti f ll d f bi h d b ildi• Application for all new and refurbished buildings

• Private houses: new buildings, (partly)selling, renovation
• Public buildings: right after the directive comes into forceg g

• Increasing the use of renewable energy sources, 
combined heat and power plants (CHP) and heat 

if i ll f iblpumps if economically feasible
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Content of the DirectiveContent of the Directive

• Regularly inspections of boilers 
(>100 kW every 2 / 4(gas) years; 

20 kW 15 )<20 kW every 15 years)

• Regularly inspection of air-

• Inspection by independent

g y p
conditioning systems

Inspection by independent 
specialists

• Set into force by 
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!!!  January 4th 2006    !!!
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Three Levels of EnergyThree Levels of Energy--Demand EvaluationDemand Evaluation

• Level A
C l l ti f E d U E d dCalculation of End-Use Energy demand 
(predefined user behaviourm, Asset Rating)

• Level B
Measurement of End-Use Energy demand
(actual user behaviour, Operational Rating)

• Level C
Estimation of End-Use Energy demand using 
statistical values for different types architectures
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statistical values for different types, architectures 
and ages of buildings
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Status of the EPBD development (CEN)Status of the EPBD development (CEN)

• Mandate to CEN (October 2003) for developing 
calculation systemscalculation systems

• Affected Technical Committees (TCs)
• CEN/TC 89 Thermal performance of buildings and building 

components
• CEN/TC 156 Ventilation for buildingsg
• CEN/TC 169 Light and lighting
• CEN/TC 228 Heating systems in buildings
• CEN/TC 247 Building Automation Controls and BuildingCEN/TC 247 Building Automation, Controls and Building 

Management 

Till this time big activities in the standardization
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• Till this time big activities in the standardization 
bodies
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Energy Flow in Buildings by En ISO 13790Energy Flow in Buildings by En ISO 13790
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Energy Certificate Berlaymont Gebäude
Year of errection: 1967 (renovated from 1995 to 2004)

Useful area: 241.515 m²

P 3000 P dPersons: over 3000 Persons per day

Heating: 3 Gas burners with a total capacity of 7.800 [kW] 

Cooling: 4 Compression cooling machines with a totalCooling: 4 Compression cooling machines with a total
cooling capacity of 8.900 [kW] 
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Results useful energy, 
example Berlaymont Brüsselexample Berlaymont, Brüssel

spezifischer Nutzenergiebedarf [kWh/(m².a)]

63 13 18 17 7 9

- 50 100 150 200
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Heizwärmebedarf Kühlwärmebedarf Beleuchtung

Lüftung Dampf Warmwasser
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Results end use energy, 
example Berlaymont, Brüssel

spezifischer Endenergiebedarf [kWh/(m² a)]spezifischer Endenergiebedarf [kWh/(m .a)]

131 19 18 17 10 3

0 50 100 150 200

Heizwärmebedarf/ Warmwasser Kühlwärmebedarf
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Beleuchtung Lüftung

Dampf Luftförderung - Parking
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Energy Certificate Residential Buildings
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Energy Certificate Non-Residential Buildings
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What can‘t be done withWhat can‘t be done with
the calculation via EPBDthe calculation via EPBDthe calculation via EPBDthe calculation via EPBD
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e 
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• Statistic about over
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temperature Raumlufttemperatur [°C ]
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Heat Storage
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Heat Storage

T3T3

Heat Storage

• Detailed effects of
Cold water

DHW

Radiators

T2

T3

Cold water
DHW

Radiators

T2

T3

Cold waterCold water
DHWDHW

RadiatorsRadiators

T2

T3

T2

T3

• Detailed effects of 
complex hydraulics 
and controls

Pellets- / 
Gasboiler

DHW

RadiatorsPellets- / 
Gasboiler

DHW

RadiatorsPellets- / 
Gasboiler
Pellets- / 
Gasboiler

DHW

Radiators
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and controls DHW
Cold water

DHW
Cold water

DHW
Cold water
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What can‘t be done withWhat can‘t be done with
the calculation via EPBDthe calculation via EPBD

• Effect of complex 
calculations (big ( g
sunspaces, double 
skin facades)

C id ti f 100
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140

160

• Consideration of user-
behaviour (window-
ventilation attendance 35
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Space heating energy for varying indoor air 
temperature in a Passive house  
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• Worst/best case scenarios  regarding climate
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Effects of the EPBD on the Effects of the EPBD on the 
Design Process of BuildingsDesign Process of BuildingsDesign Process of Buildings Design Process of Buildings 

• Energy demand for heating and cooling will be 
relevant already in architectural competitionsrelevant already in architectural competitions. 

• As the first sketch of the architect fixes about 40 % 
of the energy demand of the building, integrated 
design approaches (architect, civil engineer, 
mechanical engineer...) will become relevant

• Building codes and subsidy schemes will use the g y
EPBD certificates. 

• Detailed questions to the building still need dynamic
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• Detailed questions to the building still need dynamic 
building simulation. 
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Further upcoming EUFurther upcoming EU--regulationsregulations

• Draft Standardization Mandate to CEN, “Development 
of horizontal standardized methods for the assessmentof horizontal standardized methods for the assessment 
of the integrated environmental performance of 
buildings” (into force presumably 12/2007) 

• Directive on energy end-use efficiency and energy 
i (i t f bl 6/2006)services (into force presumably 6/2006). 

(1 % increase of end-use energy efficiency per year) 

• Thematic strategy for urban environment (sustainable 
building) (KOM(2004)60, 11.02.2004
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Biomass
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Yearly increase of biomass heating systems in Austria
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Innovative Energietechnologien in Österreich, Marktentwicklung 2009, BMVIT
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„Kachelofen“

• Positioning that several rooms can be heated, with water HX inside aPositioning that several rooms can be heated, with water HX inside a 
coupling to a water heating system can be done 

• Efficiency about 60-70 %
• High startup emissions (cold burning chamber)
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• High startup emissions (cold burning chamber)
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“Kaminofen”

• Positioning that several rooms can be heated, with water HX inside a 
coupling to a water heating system can be done 

• Efficiency about 60-70 %
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y
• High startup emissions (cold burning chamber)
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Log wood burner with downward flameg

• Logs and ash is 
transported p
autmomatically 
downwards

• Logs are dries beforeLogs are dries before 
burned

• Burning chamber is 
NOT cooledNOT cooled
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Automatic wood chips/pellets burner

• Similar maintenance a soil or gas burners 
• Similar emissions as oil burner 
• Slightly higher investment than oil burner 
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g y g
• Biomass store has to be reached yb the blowing tube of the truck
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Heat pumps 

High temperature rangeLow-temperature range

Drive energy
Compressor

Vapour Vapour

Low High
Pressure of

From heat source To heat sink

Heat
(low

Heat
(high

2-
phase

To heat source

Evaporator Condenser

refrigerant

From heat sink

(
temperature)

(high
temperature)

Liquid

Circulating working
medium (refrigerant)

Evaporator Condenser

Expansion valve
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Heat pump COP and 
boundary conditions
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-5 -2.5 0 2.5 5
Heat source temperature in °CQuelle: Kaltschmitt, Streicher, Wiese, 2006
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Development of the Austrian heat pump market

Wolfgang STREICHER Folie:  71UIBK Energieeffizientes Bauen / Erneuerbare Energie

Innovative Energietechnologien in Österreich, Marktentwicklung 2009, BMVIT
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Ambient air as heat source

Space 
heating

Space 
heating

Space 
heating

Heat pump Verdampfer

heating

Air ducts

Heat store
sdf        

Compressor,
condensor

Heat store
Heat pump Heat store
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Quelle: Kaltschmitt, Streicher, Wiese, 2006
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Compact heating and domestic hot water unit

outlet air

solar collectortankcompact
ventilation unit

inlet airoutlet air

solar collectortankcompact
ventilation unit

inlet airoutlet air

solar collectorsolar collectortankcompact
ventilation unit

inlet air

tankcompact
ventilation unit

inlet air

hot
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exhaust
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heated
outside
air

- air-to-air heat recovery

- exhaust air heat pump hot
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air
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water

exhaust
air
exhaust
air

heated
outside
air

- air-to-air heat recovery

- exhaust air heat pump

~ 
exchanger

heat

- storage

- solar collector

earth to air heat exchanger

~ 
exchanger

heat ~ ~ 
exchanger

heat

- storage

- solar collector

earth to air heat exchanger

heat pump

~ 

- earth-to-air heat exchanger

heat pump

~ 
heat pump

~ 

- earth-to-air heat exchanger

outside air
cold water

earth-to-air heat exchanger

outside air
cold water

earth-to-air heat exchanger

outside air
cold water

earth-to-air heat exchangerearth-to-air heat exchanger
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Source: Fraunhofer-Institut für Solare Energiesysteme ISE, 2000Source: Fraunhofer-Institut für Solare Energiesysteme ISE, 2000
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Ground as Series connection

heat source
A A

Ditch
system

Shaft DitchParallel connection B

B
Section A-A Section B-B

Ground

Filling

Type of soil Withdrawn heat capacity 
Dry, sandy soil 10 – 15 W/m2 y, y
Humid, sandy soil 15 – 20 W/m2  
Dry loamy soil 20 – 25 W/m2  
Humid loamy soil 25 – 30 W/m2  
Water saturated sand/gravel 30 40 W/m2 
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Water saturated sand/gravel 30 – 40 W/m
  

 Quelle: Kaltschmitt, Streicher, Wiese, 2006, VDI  4640
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Ground as heat source 

Section 
A A25 32 A-AFloor heating system 25-32

mm

Ground probe

Heat pump

50-70 mm

U-probe Double-U-probe

Hot water
storage

70-80 mm

Drilled
probe Pile-driven probe

A

Ground probe

A
 ~ 46 mm ~ 70 mm

Coaxial probe Complex coaxial probe
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Quelle: Kaltschmitt, Streicher, Wiese, 2006
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 1 800 h/a 2 400 h/a 
General guidelines   

Bad subsoil (dry lose rocks) 25 W/m 20 W/m   Bad subsoil (dry lose rocks) 25 W/m 20 W/m
   Solid rock subsoil, water-saturated lose rock 60 W/m 50 W/m
   Solid rock with high heat conductivity 84 W/m 70 W/m
Individual soils  
   Gravel, sand, dry < 25 W/m < 20 W/m
   Gravel, sand, carrying water 65 – 80 W/m 55 – 65 W/m
   Gravel, sand, strong groundwater flow, for small systems. 80 – 100 W/m 80 – 100 W/m
   Clay, loam, moist 35 – 50 W/m 30 – 40 W/mC ay, oa , o s 35 50 W/ 30 0 W/
   Limestone (solid) 55 – 70 W/m 45 – 60 W/m
   Sandstone 65 – 80 W/m 55 – 65 W/m
   Acidic magmatites (e. g. granite) 65 – 85 W/m 55 – 70 W/m

Alkaline magmatites (e g basalt) 40 65 W/m 35 55 W/m   Alkaline magmatites (e. g. basalt) 40 – 65 W/m 35 – 55 W/m
   Gneiss 70 – 85 W/m 60 – 70 W/m

The requirement for using the table: only heat withdrawal (heating incl. hot water) takes place; length 
of the individual ground probes between 40 and 100 m; smallest space between two ground probes 

ld b i i f 5 f d b l h f 40 50 l 6 f d bwould be a minimum of 5 m for ground probe lengths of 40 to 50 m or at least 6 m for ground probes
with lengths of over 50 to 100 m. Suitable ground probes are double-U probes with an individual tube
diameter of 25 or 32 mm or coaxial probes with at least a diameter of 60 mm. The values given above 
can fluctuate considerably, depending on rock formations such as crevasses, foliation and weathering. 
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Energy polesEnergy poles
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Quelle: Sauerwein, Bilfinger Berger, 
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Energy polesVorgefertigter Bewehrungskorb Energy poles

Verteilerstation Energiepfähleg p
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Solar Thermal Systems
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A t i k t d l t f l th l tAustrian market development of solar thermal systems 
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Innovative Energietechnologien in Österreich, Marktentwicklung 2009, BMVIT
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Spectrum of solar irradiance 
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Daily global irradiation 
(on a horizontal surface)(on a horizontal surface) 

and hourly ambient temperature of Graz climate 
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Principle of Solar 
Thermal Energy UseThermal Energy Use
Natural  Circulation 
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Emptying valve (winter)
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Where to use solar thermalWhere to use solar thermal

D ti h t t (DHW) Domestic hot water (DHW)
 Space heating + DHW
 District heating networksDistrict heating networks
 Swimming pools
 Cooling
 Process Heat
 Electricity production
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Solar Combisystems
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Solar Combisystems,space heating demandSolar Combisystems,space heating demand
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Solar heated swimming pools
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Solar assisted cooling
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Process heat
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Principle of Solar Thermal Energy Use
Forced Circulation Systems
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p
irradiance  and 30 °C ambient temperature: Tabs = 
(0,14*1000)+30 = 170 °C
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Solar Domestic Hot Water Stores 
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Domestic hot water forced hydraulics
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Tank in tank storage withTwo stores with Single storage with inegrated

Solar combisystem schemes
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Systems for Multi Family House
„Legionella free“, ÖNORM B 5019 
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Example of purely solar heated houseExample of purely solar heated house
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Renewable EnergyRenewable Energy 
in Austria 

– Perspektives and 
Potentials –

Martin Kaltschmitt, Wolfgang Streicher 
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Definition of Potentials 

Theoretisches Potenzial

B ü k i hti t h i h d i ht t h i h R t iktiBerücksichtigung technischer und      nicht-technischer Restriktionen
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Electrical Energy – Medium term potentials in Austria 
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Thermal Energy – Medium term potentials in Austria
Demand 2006: 592 PJ (DHW+SH), 251 PJ process heat( ), p
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Trendscenario for the Austrian province of Styria for 
i i th b ildi t
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• New builidngs: no new CO2 Emissionen
• 4 – 1 % switch of heating fuel to renewables, district heat and gas, increase of efficiency 
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• New builidngs: no new CO2 Emissionen
• 4 – 1 % switch of heating fuel to renewables, district heat and gas, increase of efficiency 
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Electricity

specific CO2-equivalent-emissions – electricity generation costs
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Heat generation 
specific CO2-equivalent-emissions – heat generation costsspecific CO2 equivalent emissions heat generation costs

Example of EFH-1 with 8 KW heating load
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Biofuels 
specific CO2-equivalent-emissions – fuel  generation costs
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