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EXECUTIVE SUMMARY

The final energy consumption and &Qemissions of four renewable energy heating
systems which are aksource heat pump, solar thermal, biomass and geothermal heat
pump,are compared witbne conventional heating system

Eight reference buildings are deéd, which difer in size (single family, multiamily)

building standard (new built, refurbished) and location (southern Europe, northern
Europe)The buil ding types are in |ine with the
energy buildbunigkodoi mgsd dmder t alheraculatamjsor r e
done for five European citiegswhich are Stockholm, Vienna, Wirzburg, Madrid and

Athens

Reference systenisr domestic hot water, space heating and space calgugfined and
simulatel with the simulation softwaredB/sun(Vela Solaris, Version 8.0.12.21302s a
result of the simulation, the energy demand, the consumed energy and the adceding
emissionsare summarised in figures for each city. The final energg®e@ to cover the
enggy demandvaries according to the efficiency of the heating system, which ynainl
depends on the energy source.

Biomass heating systems have the low@€k- emissions as biomassin the European
regionis consideedas carbon neutral.

The COz- emission ofa conventional oil heating systemtime referencenew built single
family house in Vienna is.917 kg CQOy/a. By the use of an agource heat pump the
emissions can be reduced862 kg CQOJ/a. With a geothermal heat pump a reduction to
513 kg CQOy/a can bereached and a biomass boiler camimise the emissions to
20kg COy/a

An air source heat pumponsumes25.464 kWha electrical energy tacover the heat
energy demand dhereference refurbished multi family house in Wirzburg. By the use of

a high efficent geothermal heat pump the electrical energy need can be reduced to
20.703kWh/a

Because ofhe high solairradiationin the southern European regiohggh solar fractions
can be reachedn Madrid 80,6 % of the total heating energy demand of theerete new
built single family house can be covered with 12 m? solar thermal absorbeFardhe
reference new built multi family house in Athens, a solar fractid@®dd% can be reached
by a solar thermal system with 6% absorber area.

The referencenew built multi family house inMadrid has a cooling energy demand of
2.485kWh/a a heating energy demand of 6.278 kWh/a including domestic hot water. A
Reversible heat pumpan cover the total energy demand with 2480 kWh/a of electrical
energy.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FO R SELECTED EUROPEAN CITIES | 4
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1. Method

As pat of the projectiFRONT Fair RHC Options & Tradea comparison of the
performance dataf four different rengvable energysystems(RES technologies under
similar conditionsis done Therefore a reference system suppheth a conventional
energy sarceis definedfor eachof the fivetargetcities and he averageenergy demand
for domestic hot wateproduction space heatingnd space cooling different building
typesis estimated For the comparisoof the performance dathe following renewable
energy sourcearetaken into accourtt

- Air-source lat pump

- Solar thermaénergy

- Biomass

- Gedhermalheat pumps

Within the consortiunfive locationsrespectivelycities, two in the 8uth, two in central
Europe and one in thidorth of Europearedefinedfor the simulation of the pfarmance
datawhich are

- Madrid

- Stockholm

- Vienna

- Wairzburg

- Athens

The building types are in |line with the 20
buil dingso and for Abuil di ngs wyhdsdiffareatk i ng 1
requirements to reach the European buildsigndards which is why the following

building types are defined for southern and northern European cities:

- New built single family house (NBSFH)

- Refurbished single family house (RSFH)
- New buik multi family house (NBMFH)

- Refurbished multi family house (RMFH)

Differences between buildings in northern Eur¢®mckholm, Vienna and Wirzburghd
south EuropdMadrid, Athens)are taken into account by a reduction of south orientated
window area, aeduction of internal heat sources andagse of heat capacity of the
building.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FOR SELECTED EUROPEAN CITIES | 5
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Building parameterfor northEuropearcities are listed iTablel, parameters fosouth

Europearbuildingsare listed inTable2.

Table 1: Building parameters for north

European cities (Stockholm, Vienna and Wiirzburg)

NBSFH RSFH NBMFH RMFH
Building width / depth [m] 8/6,5 8/6,5 16,3/7,6 | 16,3/7,6
Heated areaer floor[m?] 52 52 123 123
Number of floors 2 2 5 5
Number of dwellings per floor 2 2
Floor height [m] 2,5 2,5 2,5 2,5
Shading Intgrnal Intgrnal Intgrnal Intgrnal
blinds blinds blinds blinds
Ventilation natural natural natural natural
Overall U-value [W/K/m?] 0.24 0.3 0.24 0.3
Window to wall area south [%] 25 25 25 25
Window to wall area north [%] 13 13 13 13
Window to wall area east [%)] 25 25 25 25
Window to wall area west [%] 6 6 6 6
Air change [1/h] 0.3 0.4 0.3 0.4
Air infiltration [1/h] 0.3 0.4 0.3 0.4
Internal heaigain equipment [W/m?] 240 240 240 240
Internal heat gain people [W/m?] 2 2 2 2
Heat capacity of the building [kJ/K/mZ] 750 750 750 750
g-Value window ] 0.52 0.52 0.52 0.52
Table 2: Building parameters for south European citi es (Madrid and Athens)
NBSFH RSFH NBMFH RMFH
Building width / depth [m] 8/6,5 8/6,5 16,3/76 | 16,3/7,6
Heated areaer floor[m?] 52 52 123 123
Number of floors 2 2 5 5
Number of dwellings per floor 2 2
Floor height [m] 2,5 2,5 2,5 2,5
Srading Int_ernal Int_ernal Intgrnal Intgrnal
blinds blinds blinds blinds
Ventilation natural natural natural natural
Overall U-value [W/K/m?] 0.24 0.3 0.24 0.3
Window to wall area south [%] 6 6 6 6
Window to wall area north [%)] 13 13 13 13
Window to wallarea east [%] 25 25 25 25
Window to wall area west [%0] 6 6 6 6
Air change [1/h] 0.3 0.4 0.3 0.4
Air infiltration [1/h] 0.1 0.2 0.1 0.2
Internal heat gain equipment [W/m?2] 0 0 0 0
Internal heat gain people [W/m?] 2 2 2 2
Heat capacity of the buildinggJ/K/m2] 1000 1000 1000 1000
g-Value window ] 0.52 0.52 0.52 0.52
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Simulation variaions are summarisedn Table 3. The variaions are bundledri different
climate zoneswhich mean thatlapossibleoptionsare calculated ér each climate zone

but not forevery city In addition to the domestic hot water and space heating demand the
space cooling demand is calculatenly for south European citiessunctionalities and
control systems are described in chapter 2.

Table 3: Overview of the calculated options

Stockholm | Vienna | Wirzburg Madrid Athens
Domestic hot watér X X X X X
o 2 .
= g Domestic hqt water and X X X
© 7 heating
o 9
T @ bpomestic hot water, heatin
. X X
and cooling
New built single family X X X
o house
% Refurbished single family X X X
o house
£ - rar—
5 New built multi family X X X
5 house
Refurbishedmulti family X X X
house
Five different heat sources X X X X X
Climate Zone North Central South

*Domestic hot water demans calculated for single and multi fdgnhouses in all five locations.
Xé calcul ated

The differentoptionsare simulated witlthe simulation software Polysun (Vela Solaris,
Version 8.0.12.21302)he calculation ofheat and cool energy demansl aligred tothe
GermanEnEV (DIN V 4701) and theclimate simulation is based on the di#onorm
databaseAccording to the Vela Solaris software develgpehe simulation tool dtysun
has difficulties to calculate cooling simulations feeveral store buildinglt is
recommendedo simulateonestore buildings with equivalent floor areahich is done in
this report Detailed information on the simulation software can be found at
http://www.velasolaris.com/files/tutorial_en.pdf and
http://www.velasolaris.com/filéselp_en.pdf.

All different systems aranalysedaccording taheir energy demands (domestic hot water,
space heating and space cooling) #melr energy consumptian(heating oil, electricity,
pellets and heating gas)lo enable areconomical comparisgrthe CO;-emissiors are
calculated by multiplying the final energy demand with the according Eurdg&arCO,-
emissiors factor(AppendixB).

Simulation results are summarized in figures for the observed cities.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FOR SELECTED EUROPEAN CITIES | 7



12 FRONT

PROJECT: FONT ™ FAIR RHC OPTIONS AND TRADE

2. System description

The calculationis basedon three main heatingtypes, i dmestic hot water (DHV@)

fidomestic hot wateand space heatingH)0and Adomestic hot water

space coolingSC). In this chapter the operating principles and the used calculation
parameters are describétfficiency values are regarded to the lower heating value.

2.1 Domestic hot water

The domestic hot water demaisdtalculated with the valueshownin Table4.

Table 4: Configuration paramet  ers for the domestic hot water demand.

Stockholm Vienna Wirzburg Madrid Athens
Numb(_er of inhabitants single 4 3 3 4 4
family house [Persons]
Hot water demand single famil 170 150 150 210 210
house [l/day]
Numb(_ar of inhabitantsulti 21 21 21 21 21
family house [Pesons]
Hot water demand single famil 900 1050 1050 1100 1100
house [l/day]
Hot water temperature [°C] 50 50 50 50 50

Figure 1 showsthe hydraulicschemefor domestic hot water preparatioA. Boiler (1)
charges a storage taffR) to 55 °C. The possibility of ovetemperature at the hot water
valve (3) is exclded by the use ok mixing valve (4).In case that the temperature in
temperature level T1 is lower than 8D the heating control system (s¢ts the boiler
status and the integrated pumpemperatutelegel t o
T2 reache 55 °C the storage is fully charged atia: boiler is turned off again.

The mixing valve control system (b) varies the mass flow3&nd B to reach the set hot
water temperature (T5Yhe hotwater tankhas to be overheated continuously to ensure
hygienic operation with no legionella bacteria. The enedgynand for this procedure is

not considered in the calculation.

b [f==|
5
T3 a
1 T 4 <3
8 3
=
N n
INPUT = .
OuTPUT - - -

2
Figure 1: Hydraulic diagram with control system for domestic hot water preparation.

Because of the poor availability of boilers with low nominal heating power, the simulated
boilers might be oversize&anitary hot water tank volumes in single familyubes are
considered to be as high as the daily hot water consumption. In multi family houses
volumes are lower because of the unsimultaneously energy demand.
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2.1.1 DHW Reference system

The technical parametefsr the reference system disted in Table5. Commonly used
fossil heat generatgraredefinedfor the observedities.

Table 5: Configuration parameters

for domestic hot water

preparation with reference heating systems

Stockholm Vienna Wiirzburg Madrid Athens
Reference heat Electric oil Oil Gas Gas
o generator
S
< Power [kKW] 4 5 5 5 S
I= .
8 Efficiency 95 85 85 90 90
o value [%)]
2
) Sanitary hot 150 150 150 150 150
water tank [l]
Central reference Electric oil Oil Gas Gas
) heat gearator
2]
>
9 Power [kW] 6 S 5 S ;
=
= Efficiency 95 85 85 90 90
= value [%]
E .
Sanitary hot 800 800 800 800 800
water tank []

Control systemand functionality is explained in chapter 2.1.

COMPARISON OF
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2.1.2 DHW Air- source heat pump

In Table 6 the design parameters for the domestic hot water preparation wittparnce
heat pumps are listedn the assumption thatompact hot wateheat pumpis located
indoors a constantly high evaporation temperatisreeachedand by that eigh annual
coefficient of performance (COPJhe indoor air temperature is assumed to be constant at
a level of 18 °C.

Table 6: Configuration parameters for domestic hot water preparation with air -source heat pumps
Stockholm Vienna Wirzburg Madrid Athens
Heat source Indoor air Indoor air Indoor air Indoor air Indoor air
> | Heating powe®
E | [kW] at A2/W35 4 4 4 4 4
E % Operating mode] Monovalent | Monovalent | Monovalent | Monovalent | Monovalent
@< Annual COP{] 4,1 4,1 4,1 4,1 4
& :
Sanitary hot 150 150 200 150 150
water tank [l]
Heat source Indoor air Indoor air Indoor air Indoor air Indoor air
> Heating powe#)
E o| [KW] at A2/W35 4 4 4 4 4
&z g Operating mode] Monovalent | Monovalent | Monovalent | Monovalent | Monovalent
£ <| Annual COP {] 42 4,2 4,3 4,2 4,2
z .
Sanitary hot 800 800 800 800 800
water tank [l]

(@) Operating point: Air temperature 2 °C; Water temperature 35 °C (A2/W35)

The control systenmof the airsource heat pump systems is slightly different ® dime
explained in chapter 2.1.

To ensure that the heat pumpogeratingefficiently, high evaporating temperatuwseand
low condensing temperatwerenecessaryThe control systemwhich can be seen in
Figure2, is optimized inorder to decrease the condensing temperature.

Whenever the temperaturetank levelT1 is lower than 48C the heat pump (1) staris
operateand in case that the temperaturé¢airk level T2 is higher than 50C it stops

The averageterage temperature is°® lower than the averaggorage temperature of the
reference systent.he hot water tank has to be overheated continuously to emggienic
operation with no legionella bacteria. The enedpmand for this procedure is not
consicered in the calculation.

=
INPUT

—— OUTPUT
Figure 2: Hydraulic diagram with control system for domestic hot water preparation with an air -source heat
pump.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FOR SELECTED EUROPEAN CITIES | 10
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2.1.3 DHW Solar thermal

Domestic hot water is heated by a solar thermal heating system withaflatcollectors
and a baclup boiler. The ratio of energy covered by the solar thermal syateltine total
energydemands called solar fraction. Theonsideredolar fractios vary according to the
location andare shownin Table 7. The water tank volume is optimized to the collector
area. Thebackup boiler mustbe able to cover the full energy needs without the solar
system.

Table 7: Configuration parameters for domestic hot water prepa ration with solar thermal systems.
Stockholm Vienna Wirzburg Madrid Athens
© Collector type Flat plate Flat plate Flat plate Flat plate Flat plate
g Solar fracti
e
= ° a[o/(':]""c on 64,5 67,2 65,1 78,2 76,8
IS
o .
— Sanitary hot
% water tank [I] 300 300 300 300 300
c
&
Collector area 6 6 6 4 4

[m?]

Collector type Flat plate Flat plate Flat plate Flat plate Flat plate

(]
3
e Solar fraction
<
> [%] 51,1 53,8 52,3 81,8 8.9
(S
£ .
8 Sanitary hot 1000 1000 1000 1000 1000
= water tank [I]
=
=
Collector area 20 20 20 20 20

[m?]
Collector efficiency: Eta0: 0,75/ Al: 3,5/ A2: 0,02

The heating and control systems described in chapter 2.1 can be complemented with a
solar thermal heating system.

For the domestic hot water preparation with solar thermal supportathgldte collector
(1) and the extra heat exchanger embedded in the sanitary hot water tank (3) are connected
via a solar loop that includes a circulating pump (2), as showigure3.

With the incidence of solar radiation oretfat plate collectors, the fluid temperature T1
increases. Whenever the collector exit temperature T1°G lgher than the measured
temperature in storage layer T2, the pump (2) circulates with a specific flow rate of
401/h/m? and transfers the hdatthe storage tank.

When the temperature difference of T1 and T2 is lower 8f&, the solar pump (2) stop

If the temperature in thstorage levell3 is lower than 49,8C the backup boiler starts
and heats the level to 55'6.

To avoid parallel opation of the backup boiler andthe solar thermalsystem an

operating time frame for the bacip boiler isimplemented. In time frorBpm to8am low

irradiation isexpectedand the backip boiler is enabled to run.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FOR SELECTED EUROPEAN CITIES | 11
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— INPUT
— QUTPUT

Figure 3: H ydraulic diagram for domestic hot water preparation with solar thermal support.

2.1.4 DHW Biomass

G500
E_R
Time frame:
17:00 -08:00
/_:LII. . .T3
S =
1
= n
f_};—itz_ i— I o E
WO [—/:z:—
e :

The domestic hot water preparation for single family houg#s biomass boilerss not
common in Europe. In this project the domestic hot water prepasaiiloiiomass boilers
is exclusively considered fomulti family houses Chosen design values asbownin

Table8.
Table 8: Configuration parameters for domestic hot water preparation with bioma ss systems.
Stockholm Vienna Wiurzburg Madrid Athens
@ Biomass Pellet Pellet Pellet Pellet Pellet
S
o
= | Powerkw] 5 5 5 5 5
= —
& | Efficiency value 82 82 82 82 82
= [%]
= Sanitary hot
=
water tank [I] 800 800 800 800 800

Control systemand functonality is explained in chapter 2.1.
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2.1.5 DHW Geothermal heat pump

Geothermal heat pumps are commonly not used efalusive domestic hot water
preparation in single family houses the energy demand far too low to justify the high
installationcosts In this project the domestic hot water preparation with geothermal heat
pumps isexclusivelyconsidered fomulti family housesDesign parameters ashownin
Table9.

Table 9: Configuration pa rameters for domestic hot water preparation with geothermal heat pump systems

Stockholm Vienna Wiirzburg Madrid Athens

Heating power 56 5.6 5,6 5,6 5,6

g [kW] at BO/W35
(e .
; Orrfgztemg Monovalent | Monovalent | Monovalent | Monovalent | Monovalent
€
f Annual COP {] 4,0 4.2 4.1 4,2 4.2
3 Sanit hot
= anitary ho 800 800 800 800 150
water tank [l]
Boreholes 1x 40mm 1x 40mm 1x 40mm 1x 40mm 1x 40mm
double U double U double U double U double U
Borehole heat exchang 200 200 200 200 200
length [m]
*Earth layer 1
[Cat.Nr.- depth] 2-50 2-50 2-50 2-50 2-50
*Earth layer 2
27-150 27-150 27-150 27-150 27-150

[Cat.Nr.- depth]
* Earth layer typesvailablein the software Polysucan be seen in Appendix

Thecontrol systemand functionaty is equal to the one described in chapter 2.1.2.
An additional pump for the geothermal circoén be seen iRigure4.

—
[Ee=gl®

Ground-source loop: 40 mm double U ground loop
Ground loop length: 200 m

Earth layer 1: Humid gravel

Thickness 1:50m

Earth layer 2: Sandstone
Thickness 2: 150 m

Figure 4: Hydraulic diagram for domestic hot water preparation with geothermal heat pump systems.
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2.2 Domestic hot water and space heating

In additionto the domestic hot water demand described in chapteth2.hating demand

of new and refurbisheluildingsfor single andmulti family housesre considered.
Heatingsystens of sinde family housesiredifferent to the heating systamf multi

family housesAside from the sizes of ttmomponentslso the domestic hot water
preparation changes from a tank in tank system to an instantaneous water heater as it is
displayed inFigure5 andFigure®6.

The following description of heating systems is valid for all building types, as the building
types have no impact on the control systemssdunctionalities.

Depending on theosition d the threeway valves(2, 3), weather the hot wateolume or

the heatingvolume of the buffer storage (4)dbargedy the boiler (1). The mixing valves

(5, 6) ensure that the deimperature levdbr hot water (8) antheatingemitters(9) are not
exceeded.In order to heat the building (10h& pump (7Xxirculates and transfers the heat

to theradiatos (9).As the buildings are renovated or even new, low temperature radiators
are chosenrlhe radiatoinlet temperaturés 40 °C andthereturn temperaireis 30 °C. The
heatingset pointemperature is 22C.

The heating controdystem (a) differentiates wo o0 p e r a t domegtic mobveaiers |
andispace .heatingo

b = .
a0
ne BE,
5
T6
1 7 9
I - =17 { (9= ]
e : 1
— =) 6 18 |J TLI10
L Il
a [GEeq| A 50
INPUT X E
=
OUTPUT 3 2 _ _ m mﬁﬁl 1]
(1 0 7]
Figure 5: Hydraulic diagram with control system for heating a nd domestic hot water preparation.
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Figure 6: Hydraulic diagram with control system for heating and domestic hot water preparation.
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Operating mod@édomestic hot watér

If the temperature in temperature level T1 is undefG@he boiler with the integrated
pump(1) starts. Asshownin Figure7, the position of the threeay valves (2, 3) are set in
a way thaexclusivelythe upper third of the storage is loaded.

When the measured temperature in leveh@g reached 50 °C, the boiler and the pusnp
turned off.
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Figure 7:Operation mode domestic hot water.

Operating modé@space heatiny

In case that the room temperature T11 is lower than the heating set point temperature of
22°C, the heating pump (7) starts and heats up the radiatorstoDimat the storage
temperature decreases. If the storage temperature in levell@8eisthanthe convector

suppy temperatureof 40 °C (T10)and the control system is not fidomestic bt wated

mode the boiler with the integrated pump (1) staRiyure 8 showsthe position of the
threeway valves(2, 3) when the system is operatingigpace heatingmode.

The boiler with integrated pump (1) stops when dtogagetemperaturen level T4 has
reached theonvectorsupply temperature T10.
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Figure 8: Operation mode space heating.
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2.2.1 DHW and SH reference system

Typical conventional heating energy sources are defined for everi&yboiler power is
chosen according to tlealculatecheat power demand. The sizes of the main heating
circuit components are listed irable 10.

Table 10: Configuration parameters of the reference system for domestic hot water and heating.

Stockholm Vienna Wiirzburg
Reference heat generator Electric 0]] 0]]
g @ Power [kW] 8 7,5 7,5
o % Efficiency value [%)] 95 85 85
En < Regard to lower heating value
@ Sztr‘lﬁgﬁl'; fN ‘;‘:l::gg[le]d 600 / 200 600 / 200 600 / 200
o Reference heat generator Electric o]] 0]]
'% § Power [kW] 30 20 30
235 —
% 8 Rengzilrglteonlgv{e\:ileua?in[;/ov]alue 95 85 85
= Buffer tankvolume [I] 1000 1000 1000

Control systenand functimdity is explained in chapter 2.2

2.2.2 DHW and SH Air -source heat pump

Heat pumps of this size range need an outdoor installed evaporator. The heat pumps work
monovalent, which mes without an additional boiléo cover the heat demanih. case

that theoutdoor temperatureare too low to run theheat pump the integrated heating
element covers the energy demakedy points of the heating system are listedable11.

Table 11: Configuration p arameters of the  air-source heat pump  system for domestic hot water and heating.

Stockholm Vienna Wirzburg
Heat source Ambient air Ambient air Ambient air
= Heating power [kW] at
% @ A2/W35 10 10 10
o3 Operating mode Monovalent Monovaknt Monovalent
2< Annual COP {] 2,4 2,7 2,5
()
Buffer tank / embedded 600 / 200 600 / 200 600 / 200
sanitary hot water tank{l]
Heat source Ambient air Ambient air Ambient air
= Heating power [kW] at
% % A2/W35 36,8 20,8 30,4
= 8 Operating mod Monovalent Monovalent Monovalent
= Annual COP || 28 3,1 3,1
Buffer tank volume [I] 1000 1000 1000

Control systemand functiondty is explained in chapter 2.2
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2.2.3 DHW and SH Solar thermal

Solar thermal heat is used to support the boWatues of sdar fractionarechoserfor an
economical operatioMulti family houses have lower solar fraction, as the roof space is
limited. Considered componenase listed inTable12.

Table 12: Configuration parame  ters of the solar thermal system for domestic hot water and heating.

Stockholm Vienna Wiirzburg
-~ Collector type Flat plate Flat plate Flat plate
= Solar fractiomew builthouse/
S ) - -
8 § refurbished housi] 27,6/21,6 35,8/ /24,4
52|  Buffertank/embedded 600 / 200 600 / 200 600 / 200
< sanitary hot water tank]l]
@ Collector area [m?] 12 12 12
- Collector type Flat plate Flat plate Flat plate
= Solar fraction new built house
5_85 § refurbished house [%)] 17.3/132 23,91~ “/151
- O
e Buffer tankvolumel[l] 1000 1000 1000
= Collector area [m?] 64 64 64

Collector efficiency: Eta0: 0,75/ Al: 3,5/ A2: 0,02

An additional solar thermal suppaut the reference systeis shownin Figure9. The
control system of the solar thermal cycle is equal to the one desuribkdpter 2.1.3The
control system of the boiléras the followindgunctionality.

The boiler with integrated pump (4) starts when the temperature in storage level T3 is
lower than the set hot water temperature Whenever the bottom temperature layer in the
embedded sanitary hot water tank (T3) is’CChigher than the set hot water temperature
T4 the boiler stopNo operating timeframe is set to the boiler.

— INPUT — “":'Tz
OUTPUT ,.__@b_ L ==
2 \ ' ,-_Q (0 il (1]

3 =

Figure 9: Hydraulic diagram for domestic hot water and heating preparation with solar thermal support.
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2.2.4 DHW and SH Biomass

The boiler of the reference sgm is exchanged with a pelldisiler. Design parameters
can be seen iable13.

Table 13: Configuration parameters of the biomass system for domestic hot water and heating.

Stockholm Vienna Wirzburg
- Biomass Pellet Pellet Pellet
Tés ° Power [KW] 75 7,5 7,5
Y— 2] ..
3 Efficiency value[%] 82 82 82
o<
£ Buffer tank / embedded
n sanitary hot water tank[] 600/ 200 600/ 200 600 / 200
- Biomass Pellet Pellet Pellet
T% @ Power [KW] 35 20 30
= 3| Efficiency value [%] 82 82 82
=
= Buffer tank volume [I] 1000 1000 1000

Control systermand functionality is explained in chapte?2.

2.2.5 DHW and SH Geothermal heat pump

Considered design values of the geothermal heat pueghownin Table14. The heating
powerand the needed boreholes are designeddicepto the different energy demands.

Table 14: Configuration parameters of the solar thermal system for domestic hot water and heating.

Stockholm Vienna Wirzburg
Heating power [kW] at
9 BO/W35 8,9 8,9 8,9
3 Operating mode Monovalent Monovalent Monovalent
< Annual COP {] 4,0 44 4,0
E |  Buffer tank/ embedded 600 / 200 600 / 200 600 / 200
£ sanitary hot water tank]l]
% Boreholes 1x 1 1x
.(‘/E) 40mm double U 40mm double U 40mm double U
*Total orehole heat
exchangerdngth [m] 160 120 140
Heating power [kW] at
. BO/W35 38,1 18,7 28,7
(2]
3 Operating mode Monovalent Monovalent Monovalent
= Annual COP {] 3,7 37 38
§ Buffer tank volume [I] 1000 1000 1000
'E Boreholes 2x2 2x 3
§ 40mm double U 40mm double U 40mm double U
*Total borehole heat 800 340 600
exchanger length [m]
**Earth layer 1
[Cat.Nr.- depth] 2-50 2-50 2-50
**Earth layer 2
[Cat.Nr.- depth] 27-150 27-150 27-150

* BHE-length calalated by EGEQising EED softwaréAppendixC)
** Earth layer typesavailablein the software Polysucan be seeim AppendixA
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2.3 Domestic hot water, space heating and space cooling

Heating systems for domestic hot water and space heatirdpfinedin chapter 2.5-and
2.2. For the south Europeaitiesa cooling system is implemented. The cooling energy
demand is dynamically calculated with the simulation softwatgsun.In Figure 10 the
hydraulic diagram and the control system with input and output data linsscare

The functionality can be described as follows:

Pump number 5 circulates a cooling fluid between the condenser of the compression
refrigeration machine (2) and the outstanding recooler (1). Pump number 4 circulates a
cooling fluid from the evaporator of theompression refrigeration machine to a fan

coil (3).

The ontrol systen{a) setsthe o mpr essi on refrigeration mach
the building temperature T1 is lower than the coofiagpointemperature of 24C and it
setsthecompressio r ef ri gerati on machine status #AOFF
reached 23C.

For systems with eompression refrigeration machines, a recooler is necessary.

The only enabled recoolar the simulation software Polysun is a wetooler with a
cooling @apacity of at leas?0 kW.This leads to low source temperatures for the cooling
machine and by that to a very high COP.

m —
0 ™)
[T1 0O [T11

Heating setpoint lemperature - day. 22 °C

1 Cooling setpoint temperature - day, 24 °C
INPUT r
— OUTPUT l
-; =
5
Figure 10: Hydraulic diagram with control system for domestic hot water, space heating and space cooling.
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2.3.1 DHW, SH and SC reference system

Functionality and control system for domestic hot water and space heating are described in
chapter 2.2.1The cooling principle antlydraulic scheme ishownin Figure10. The

design parameters alisted inTable15. The hybrid system consists otampression
refrigeration machinéor cooling and a gas boiler for heating.

Table 15: Configuration parameters of the referenc e system for domestic hot wa ter, space heating and
space cooling .
Madrid Athens
Reference heat generator Gas -

§ Power [kW] 10 -
3 Efficiency value [%)] 90
e . -
> Regard to lower heating value
% Buffer tank / embedded sanitary ho 600 / 200 i
S water tank]l]
=) compresion refrigeration machine 753 i
& Power [kW] at W24/W5 ’

Annual cooling performance factor 4,37 -

Reference heat generator - Gas

§ Power [kW] - 20
3 Efficiency value [%]
< i - a0
> Regard to lower heating value
£ Buffer tank volume [I] - 1000
-;: compression refrigeration maching i 703
§ Power [kW] at W24/W5 '

Annual cooling performance factor - 4,1

It would be good to mention somewhere that it is a hybrid system with two different
technologies, as the system described is not a biomassatigtatioing cooling but a
biomass boiler + a heat pump.
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2.3.2 DHW, SH and SC Air

Functionality and control system for domestic hot water and space heating are described in

-source heat pump

chapter 2.2.2The cooling principle and hydraulic scheme is showRigure10. The
design parameters are listedTiable 16.

Table 16: Configuration parameters of the air

heating and space cooling

-source heat pump system

for domestic hot water, space

Madrid Athens
Heat source Ambient air -
® Heating power [kW] at A2/W35 10 -
2]
=}
2 Operating mode Monovalent -
>
k= Annual COP {] 3,2 -
] -
© Buffer tank / embedded sanitary ho 600 / 200 i
=2 water tank]l]
) compression refrigeration maching] 703 i
Power [kW] at W24/W5 '
Annual cooling performance factor 4,37 -
Heat source - Ambient air
Heating power [kW] at A2/W35 - 20,8
@
g Operating mode - Monovalent
<
> Annual COP {] - 3,75
(S
IS
= Buffer tank volume [I] - 1000
§ compressiomefrigeration machine i 703
Power [kW] at W24/W5 '
Annual cooling performance factor - 4,1

COMPARISON OF RES- HEATING AND COOLING

SYSTEMS FOR SELECTED

EUROPEAN CITIES | 21




12 FRONT

PROJECT: FONT ™ FAIR RHC OPTIONS AND TRADE

2.3.3 DHW, SH and SC Solar thermal

Functionality and control system for domestic hot water and space heating are described in
chapter 2.2.3The cooling principle athhydraulic scheme is shownhkigurel0. The

design parameters are listedliable17. The hybrid system consists otampression
refrigeration machinéor cooling and solar collectors with a gas bapkboiler for heating.

Table 17: Configuration parameters of the solar thermal system for domestic hot water, space heating and
space cooling.
Madrid Athens
Collector type Flat plate -

o | Solar fractiomew buit / refurbished
2 building [%] 80,6/67,5 J
8 -
= Buffer tank / embedded sanitary ho 600 / 200 i
= water tank]l]
g Collector area [m?] 12 -
()
? compression refrigeration maching 703 i
%) Power [kKW] at W24/W5 '

Annual cooling performance factor 4,33 -
o Collector type - Flat plate
o) Solar fraction new b;ult / refurbished i 69.5/55.7
= building [%0]
%‘ Buffer tank volume [l] - 1000
8 Collector area [m2] - 64
% compression refrigeration maching i 703
s Power [kW] at W24/W5 '

Annual cooling performance fear - 4,1

Collector efficiency: Eta0: 0,75/ Al: 3,5/ A2: 0,02
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2.3.4 DHW, SH and SC Biomass

Functionality and control system for domestic hot water and space heating are described in

chapter 2.2.4The cooling principle and hydraulic scheme is showRigure10. The
design parameters are listedliable18. The hybrid system consists otampression
refrigeration machinér cooling and biomass boiler for heating.

Table 18: Configur ation parameters of the biomass system for

space cooling.

domestic hot water, space heating and

Madrid Athens
Biomass Pellet -
§ Power [KW] 75 -
o
e
> Efficiency value [%] 82 -
S
= :
= Buffer tank / embedded sanitary hol 600 / D0 i
=y water tank]l]
-% compression refrigeration maching 703 i
Power [kW] at W24/W5 '
Annual cooling performance factor 4,37 -
Biomass - Pellet
> Power [kW] - 20
g
> Efficiency value [%] - 82
€
2 Buffer tank volume [I] - 1000
g compression refrigerationanhine i 703
Power [kW] at W24/W5 '
Annual cooling performance factor - 4,1
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2.3.5 DHW, SH and SC Geothermal heat pump

Functionality and control system for domedibt water andpace heatingre described in
chapter 2.2.5The hydraulic scheme is shownkigurell The heat pump is operating
reverse (cooling mode) when it is not working in any other mode and the building
temperature is higher than 2@. It stops in case that thiilding temperature reaches
23,8°C. The design prameters are listed rable19.

—

I

=
0 ol £
[Tl 0O 7]
A\ RRRAN
1109 @
Figure 11: Hydraulic diagram for domestic hot water, space heating and space cooling with a reverse
working ground source heat pump
Table 19: Configuration parameters of the solar thermal system for domestic hot water, space heating and
space cooling.
Madrid Athens
Heating power [kW] at W2V 38 11,8 -
Q Operating mode Monovalent -
é Annual COP {] 3,9 -
> Buffer tank/ embedded sanitary hot 600 / 200 i
g water tank]l]
= Boreholes 3x -
2 40mm double U
£ Cooling power[kW] at W24/W5 11,6 -
"
Total borehole heat exchanger
300
length [m]
Heating power [kW] at W2V 38 - 15,1
o Operating mode - Monovalent
g Annual COP || - 4.4
-; Buffer tank volume [I] - 1000
I= ] 10x
8 Boreholes 40mm double U
g Cooling power[kW] at W24/W5 - 15,6
Total orehole heat exchanger lengt i 1000
[m]
*Earth layer 1 [Cat.Nr- depth] 2-50 2-50
*Earth layer 2 [Cat.Nr- depth] 27-150 27-150

* BHE-length calculated by EGEGsing EED softwaréAppendix C)
** Earth layer typesavailablein the software Polysucan be seeim AppendixA
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3. Stockholm

The energy demanfr domestic hot water and space heatsigummarized imable 20.
Used building parameters akownin Tablel

Table 20: Energy demand for domestic hot water and space heating for the reference buildings in
Stockholm.
Domestic hot water demax (DHW) Space heating
Reference building | Inhabitants H d()etrxv:r:?jr DHW Heated Area Spggﬁnxzﬂng
type (Persons) (iid) (kwWha) (m?) (kWh/a)
New built SFH 6.948
Refurbished SFH 4 170 3.057 104 10.884
New built MFH 49.327
Refurbished MFH 21 900 16.214 619 3,327

In the following chapterprimary energy consumptions and the £#missiors ofthe five
different heating systems acelculated for each of the four reference building types.

COMPARISON OF RES- HEATING AND COOLING SYSTEMS FOR SELECTED EUROPEAN CITIES | 25



12 FRONT

PROJECT: FONT ™ FAIR RHC OPTIONS AND TRADE

3.1 DHW Stockholm

Heating concepts and the accordaatrol systems are described in chapter 2.1.

3.1.1 DHW in single family houses

Figure12 shows the domestic hot water enedgynandthefinal energy consumption and
the CQ-emissiois of all calculated heating systeffias the reference single family house
described in chapter 2.1.

Domestic hot water - Single family house
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Figure 12: Comparison of all observed heating systems for domestic hot water preparation in single family
houses in Stockholm.

CO,-emisgon factor electricity Sweden: 07@t CO,/MWh (AppendixB)
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3.1.2 DHW in multi family house s

A comparison of heating systems witttuson domestic hot water energy demand, final
energy consumption and GCemissionis shown inFigurel13. The calculation is based on
the referencenulti family house described in chapter 2.1.

Domestic hot water - Multi family house
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Figure 13: Comparison of all observed heating systems for domestic hot water preparation in multi family
houses in Stockholm.

CO,-emissionfactor electricity Sweden: 0,01C0O2/MWh (AppendixB)
CO,-emissionfactor biomass: 0@t CO2/MWh (AppendixB)

The electrical energgemandf the air source heat pump is very low because the source
temperature is considergalbe a constant level of 18 °C (indoor air).
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3.2 DHW and SH in Stockholm

Heating concepts and the according control systems are described in chapter 2.2.

3.2.1 DHW and SH in new built single family houses

The domestic hot water energy demand d@i58kWh and tle space heating energy
demand of ®48kWh aredynamically calculated for the reference new built sirigheily
house described in chapterin Figure14, the primary energy needed to cover the energy
demand andhe resulting C@ emissiors of the calculated heating systemssirewn

Domestic hot water and space heating -
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Figure 14: Comparison of all observed heating systems for domestic hot water and space heating
preparation in  new built single family houses in Stockholm.

COs-emissionfactor electricity Sweden: 0,08C0O2/MWh (AppendixB)
COs-emission factor biomass: @Bt CO2/MWh (AppendixB)
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3.2.2 DHW and SH in refurbished single family houses

The domestic hot water energy demand of 3068 and the space heating energy
demand of 10.884«Wh are dynamically calculated for the reference refurbished single
family house described in chapterin Figure 15, the primary energy needed to cover the
energy demand and the resulting £@missios of the obsrved heating systems are

shown

Domestic hot water and space heating -
Refurbished single family house
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Figure 15: Comparison of all observed heating systems for domestic hot water and space heating
preparation in refurbished single family houses in Stockholm.

COy-emissionfactor electricity Sweden: 0,08CO2/MWh (AppendixB)
COy-emission factor biomass: @Rt CO2/MWh (AppendixB)
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3.2.3 DHW and SH in new built multi family houses

The domestic hot water energy demand of 164 and the space heating energy
demand of 4827kWh aredynamically calculated for the reference new bmiltlti family
house described in chapterin Figure16, the primary energy needed to cover the energy
demand and the resulting @@missiors of the observed heatisgstems areshown
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Figure 16: Comparison of all observed heating systems for domestic hot water and space heating
preparation in new built multi family houses in Stockholm.

COs-emissionfactor electricity Sweden: 0,08CO2/MWh (AppendixB)
COs-emission factor biomass: @Bt CO2/MWh (AppendixB)
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3.2.4 DHW and SH inrefurbished multi family houses

The domestic hot water energy demand of 16244 and the space heating energy
demand of 73.32KWh are dynamicayl calculated for theeference refurbishedulti
family house described in chapterin Figure17, the primary energy needed to cover the
energy demand and the resulting £@missios of the observed heating systems are
shown

Figure 17: Comparison of all observed heating systems for domestic hot water and space heating
preparation in refurbished multi family houses in Stockholm.

CO,-emissionfactor electricity Sweden: 0,01C0O2/MWh (AppendixB)
CO,-emission factor biomass: @Rt CO2/MWh (AppendixB)
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