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Who is ITG?

Institute of Building Systems Engineering Dresden
ITG Institut fiir Technische Gebdudeausriistung Dresden, Forschung und Anwendung GmbH

Work we do

Studies, technical/scientific advice

Involvement in standardisation work (DIN V 18599 / EN 15316, EN 12831-1 etc.)
PEF certificates for district heating networks

Building performance certificates ...

Topics our work deals with

Energy demand/performance and cost efficiency of buildings and/or their HVAC systems

Legislation regarding building energy performance (e.g. Energy Saving Ordinance, Energy Saving Act)

Related subsidy schemes ...

Who we work for
Authorities
Energy providers / Associations
Manufacturers / Associations

Building owners ...
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Background

Preceding study by ITG regarding the energy efficiency and cost
effectiveness direct-electric heating in the context of the German Energy

Saving Ordinance / Buildings Energy Act (on behalf of German Federal
Association of Surface Heating and Surface Cooling BVF, EUHA-members

involved)

ITG: Sure, why not ©

05.11.2020
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Background (Overall Task)

Based on preceding BVF study, exemplary analysis of energy efficiency and
cost effectiveness of several HVAC variants for a single-family house:

>~ 1 building
» 2 different thermal insulation levels
» 7 different HVAC variants

> in 5 European countries

Additional content in the actual study (not covered in slides):
» Considerations regarding the relation between primary energy, renewables and greenhouse-gas emissions
» Extrapolation of model-building energy demand to the EU
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Yet more background
(Motivation/Introduction EUH)

Motivation for direct-electric heating in modern residential buildings

Simple and relatively low investment costs (compared to hydronic
systems), but

... high energy costs?

... wasteful use of electricity (“burning” pure exergy)?

... hot exactly environmentally friendly (primary energy, CO2eq)?

- Well, it depends ...
Decreasing energy consumption for heating due to buildings becoming better
(thermal insulation, air tightness)

Grid power becoming greener
Steeper price increase for fossil fuels expected (CO2 tax ...)

Future: All-electric society?
— Electric heating + PV may become more viable economically and ecologically

05.11.2020
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Energy Demand Calculation S

(Sub)Tasks, calculation

methods, input parameters

Energy demand EN 15316 /
DIN V 18599

Eapledisiem Transpocl. Gzl

orwt tadhon | ey

EUHA Study

Property Level of thermal insulation®
High Very high
Thenmal ransmattance, U value Wals WK 020 013
Roof 0.15 013
Floor slah B 035 020
Vandow 0.90 0.70
Doaor 1,70 140
Thermal bndges® 003
Alr hghiness, ne h! 10
Ceometry Extemna volume=, V, m &4
Netfloor areer A P 162
Living space area, Aw m 150
— — e m 074
System/Property Value
PY-System Module surface area m 498
Cell type Monocrystalline Silicon
Pesk power KWise B 16 average over 25 years*
{2 0% for new modules)
Orientation — s
Angle {2 roof slepe) ° 7
Ventilaton system Type Supply exhaust with heat recovery
Annual operating time " Heatng seasanonly
No. Room heating Domestic water heating PV Abbreviation
Generation Emission battery
1 |Gas condensing boiler |Underfloor | Hot water storage tank, shanng  |No Boiler + Hot water tank
2 |Electnc arr source heat Pating heat generator with room heating ASHP + Hot water tank
3 |pump (528°0). [ Gctiio flow waler hegler Yes  |ASHP + Flow heater + Batlery
4 |Electnc underfloor heating Electnc heat pump water heater® (No EUFH + HP water heater
5 Electnc hot water storage tank EUFH + E hot water tank
6 Yes EUFH + E hot water tank + Battery
7 Electnc Flow water heater EUFH + Flow heater + Battery
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Overview: (Sub)Tasks and calculation methods

Energy dema nd EN 153 16 / Degree days based on monthly mean values for a heating limit temperature of 10 °C; from PVGIS TMY data
DIN V 18599 Country Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | I
G
o e §279y|g220| 64| 24 | 0 | 0 | 0 | 0 | 0 | 16 | 177 |n28251.169
Czech Repubic 1313 1431 24| 0 | 0| 0] o | o |68 | 138|437 1498
Conversion to EU countries Farce " ?2'1'0'2' o T o o T = Lo [0
(CZE' FRA' NLD SWE) La;;::;"()é:w 26 15 124 | 51 0 0 0 0 0 0 60 |g226,| 882
Amsiergam: 52°27N 0454 E | ﬂ
S e 446 | J370)|g310g| 123 | 0 [ 0 | 0 | 0 | 0 | 65 |19 1909
Country-specific PV output Mean solar radiation intensity (Wim] on the roof pane (S 37"} from PGIS TNY data
Country Jan | Feb | Mar
L I R 8 [ 2
Czech Republic u | g
Balance of electricity demand e —ET
and PV output s =it
9 | 72
L1
18 | 5
S|
Research + Input EUHA: PEF,
Energy demand coverable by PV

energy prices, investment
costs ...

Time with significant insolabion

Iectn he ‘
genesation |

Results

Aux + Ventilation

Electricity for
househoid aoplim

e Final energy balance

* Primary energy
¢ Energy costs 01 2 3 4 5 6 7 8 30 nng.ls o158 W7 18 19 0 20 2 23 M

¢ Total annual costs
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Overview: (Sub)Tasks and calculation methods

Energy demand EN 15316 /
DIN V 18599

Country Primary energy factor [kWh prs/kWhsa ]

: : Natural gas Electricity (grid power)
Conversion to EU countries Gemany T T
(CZE, FRA, NLD, SWE) Czech Republic 10 26

France 10 2.3

Netherlands 1,0 145

Sweden 1,00 18
Country-specific PV output Lotz -

' In Sweden natura gas and distnct haating have the same primary energy factor (1.0)

— Country Consumer energy price [€/kWhns], including tax etc.
Balance of electricity demand Natural Electricity
and PV output ges Drawn from grid PV Fed to grid
Tariff Applied to Tariff Balancing method
0,0752 | General use: 0,3088 |Vanant 1, HVAC + household -0,0944 Wmm)m
. Heating: 0,2 Vanants 2-7, HVAC only separalely
Research + Inpyt EUHA: PEF, o o R e e o5
energy prices, investment Heating: 0,117 | Vanants 2, 4-6+, HVAC + household
costs ... 0,1049 High: 0,16670 | Vanant 1, HVAC + housahold -0,10
Low: 0,1195b | Vanants 2-7, HVAC only
Netherlands | 0,0921 | General use: 0,2250 |Vanants 1-7, HVAC + household (no 0,05 | Annual value (only either feed in
lowiheating taniff in place) or deaw at the end of the year)
Results Sweden 0,087¢ Low; 0,128 |Vanants 1-7, HVAC « household (low tanff | .0,005 | Momentary values ifeed m and
applicable to everything, no distinction) draw count separately)
' - A , .
e Final energy balance mm&?hmmnb‘mWﬁ&wbmmmdmmmemmmwmnmwbutldng No
° Primary energy ®  Averaged between numbers from differant EUHA members as well as batwaen highfow and day/night pncing schemes
¢ Natural gas costs about the same as district healing per kilowatt hour in Swoden

¢ Energy costs
¢ Total annual costs
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Overview: (Sub)Tasks and calculation methods

Energy demand EN 15316 /
DIN V 18599

'Sources Investment costs
Country Source Notes/Details
Germany Own calculation Based on averaged catalogue prices, usual vendor discounts, labour costs, margins and tax
Conversion to EU countries Czech Republic Fenix Prices provided for some items; average cost level of about 80 % compared to Germany
(CZ E ) F RA ) N LD ) SWE) France Danfoss, Fenix | Prices provided for some items: average cost level of about 110...120 % compared to Germany
Netherlands Magnum Prices provided for PV systems; Otherwise similar to Germany
Sweden Ebeco Similar to Germany
Country-specific PV output : : : — - ;
Gas condensing boder Elooiric ar source hoat pump -
ca 12KV: 1600 € 62K 10.200 € 5.7 k- 10.000 €
Balance of electricity demand Sheams | el
Hydroni: underficor hesting (3528 °C) Elpctrc undarfloor hesting
and PV Output LSS o] g, Mervhon S EADACA 1aass Dk B, TSN, TEgS, mEusEog harwens) BeCtSC Urosboor NSSHng syiem 5 3 Paateg Caiemal
11300 € 9000 €
Hot wates slorage tank, sharing beal generalor atth room hesting | Electno flaw warler besal- | Electric heal pump| Electnc hol waler storage tank | Elecn
mancard tark o} Parnp 4poctc ik or water healer waler
Research + Input EUHA: PEF, | Lol 2e e, A Lol -
. ) 1300€ 130€ 20€ 1300€ 1.300€ 2
energy prices, investment
costs ... ' T00€ 500€ 550€ 150€
2100€ -
2900 € =
Ventiation systam 9.000€
Results et s v 1
récouery, ducts, in-outets, mourtng
e Final energy balance PV sysiom 50 1. -8 KWsome 15200€
. (8,16 KW; 32
* Primary energy chach, Mo Parowas, s
iratabason mateeil
® Energy costs Battor, <3 VAN, Hihum-based - 9300€ - 93N €
[ichasig mornng snd mtatsson matsess

¢ Total annual costs
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Overview: (Sub)Tasks and calculation methods
Energy demand EN 15316 /
DIN V 18599

Conversion to EU countries
(CZE, FRA, NLD, SWE)

Country-specific PV output

Balance of electricity demand
and PV output

System/Component Service | Annual costs as percentage of initial investment costs
life [a]* Repair* Maintenance etc.©

Gas condensing boiler 18 1.50 % 292%

Research + Input EUHA: PEF, Heat pump 18 1.00% 132%
. . Hydronic underfloor heating 50 1,00 % 0
energy prices, investment Electic underfoor heating = 050% 5

costs ... Hot-water storage tank 20 1,00% 063 %
Flow water heater 15 1,00 % 0
Hot-water distribution 30 0,50 % 0
Electric/Gas installation and connection to grid 50 1,00 % 0

Results Chimney 50 100% 150%

e Final energy balance
* Primary energy

¢ Energy costs

e Total annual costs
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Results: Final energy balance (example)

Final energy balance [kWh/a], Germany (Potsdam)

6) EUFH +E hot water tank +

6.000

cecsslesscssenee

1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater + Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Bafttery
Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance
Momentary Momentary Momentary Momentary Momentary Momentary Momentary
21 35 2] 3 2| 5 2] 5 21 3 2] 5 2| s
£l % <3 £l <3 £l <]z £l % |3 £l <|3 £l g8 <|3 £l % ¢<|3
e 8|2 E|E|lg 8|2 E|E|lge 8|S E|E|le 8|2 E|E|le 8|S E|E|le 8|5 E|E|lg 8|2 &) E
14,000 [ w o a < o w o a < [} w [ a < [ w o a < o w o a < [ w o a < o [} a a <
B Electibiy: Fedin Thermal Insulation: High
12.000 Démand Qonsumpticnf i, XY sl \:r :
: M Gas: HVAC : : :
10.000 : I¥ Electricity: HVAC - : :
M Electricity : Household:
8.000 : :

EUHA Study
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Results: Final energy balance (example)

Final energy balance [kWh/a], Germany (Potsdam)

r ———————————— 6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater + Batteryl 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Bafttery
Demand I Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balancel before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance
Momentary I Momentary Momentary | Momentary Momentary Momentary Momentary
2| s 21 5 2| 5 | 2| 3 2| s 2] 5 2] 5
gl e |z 2|% <|= £l 5 <|3 £l 5 <|s3 £15 =% £l 5 <l 3 £l % ¢
$§>°EE|%§>°EE£§>°EE|$§§EE£§>°EE$§>°EE%E;EE
14,000 [ w o a < o w o a < [} w [ a < [ w o a < o w o a < [ w o a < [ w a a <
Thermal Insulation: High
12.000 : :
10.000
8.000
6.000
4,000

HIEI_“ “Hl“ﬂ
0 :

» Heat pump: Lowest final energy demand of eIectrlcaIIy heated varlants before and
after PV
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Results: Final energy balance (example)

Final energy balance [kWh/a], Germany (Potsdam)

|{ TB)EUFH+E hotwatertank + | ~ ~— T T 7 1
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater + Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Bafttery
Demand Demand Demand | Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balancq
Momentary Momentary Momentary Momentary Momentary Momentary Momentary |
2| s 2| 3 2| 5 | 2| 3 2| s 2| s 2| s |
215 <3 £l % |3 £l 5 |3} 21§ s|z £l % |z £l 5§ =] 3 215 s| =
¢ 8|2 E|E|g¢ 8|l E|E|lge 8|12 E|E|g 8|= E|E|lge 8|l E|E|le 8|l= E|lE|lg 8|= E|E
14000 (L] w o a < (U] w o a < (4] w [ a < | (L] w o a < (U] o o a < (L] w o a < (L] i} o a <
i Electricity: Fed in | Thermal Insulation: High I
12000 |+ Demand/Consumption H . l
: M Gas: HVAC : : : i i
10000 |+ [ Electricity: HVAC : : : .

M Electricity : Household
8.000 : 5

6.000

4,000

“HeEEy F

0

» Electric underfloor heating
= Demand before PV, order from lowest to highest:
— Heat-pump water heater(4)
— Flow water heater (7)
— Central hot-water tank (5/6)
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Results: Final energy balance (example)

Final energy balance [kWh/a], Germany (Potsdam)

6) EUFH +E hot water tank +

1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater + Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Bafttery
Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balancé
Momentary Momentary Momentary Momentary Momentary Momentary Momentary
2] 5 2| s = 5 2] 5 21 3 2] 5 2] 5
£l§ s|°¢ £l§ s|¢ sl 5 5|z £l 5§ s|¢ £l 5 |z sl 5 sz £l 5 <]z
o o B © o B ° o H o o H © o = © ° = prd ° =
g K > s E g @ > s E g K3 > s E g K > s E g K > s E g K3 > s E % @ > s E
14.000 o w o a < o w o a < o w o [=) < o w o [=) < o w o a < o w o a < o w o a <<
B Electiciy: Fedn - Thermal Insulation: High
12.000 Démand/Consumption i : :

M Gas: HVAC

10.000 Electricity: HVAC
: IEIecfncny Household: :
5000

EIectrlc underfloor heatmg
Actual draw (after PV):

eeesbesscccbesccscdecccne
esessecsecbecsscsacsae

4,000

2.000

|_mE . _ma__ma _aa a
eeesocsfoessessosscscssosssssossccscasocsscsansae
.-................-....-l!...........-........

edecescsseccrcadescanncionds secescetocsccsdesccne
V f— = -. 1 ' . [ [ . {

Central hot-water tank with battery (6) similar to heat-pump water heater (4); slightly
better/worse depending on country-specific PV output

Flow heater with battery (7) similar to central hot-water tank without battery (5); slightly
better/worse depending on country-specific PV output (better for DEU, CZW, FRA, NLD,
worse for SWE)
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Results: Primary energy demand (example)

Primary energy demand [kWh/a] HVAC only, after PV (self-use), no additional bonuses

Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +] 7) EUFH +
1) Boiler +J2) ASHP + Flow 4) EUFH +]5) EUFH +] E hot Flow 1) Boiler +]2) ASHP + Flow 4) EUFH +] 5) EUFH + E hot Flow
Hot water | Hot water] heater + | HP water E hot |[water tank] heater + | Hot water] Hot water] heater + | HP water E hot |Jwatertanld heater +
tank tank Battery heater [Jwater tank| + Battery | Battery tank tank Battery heater [water tank] + Battery]| Battery

22.000 ! : ; Czech Republic (Prague) ! ! : : :
20.000 : : : : : : :
18.000 : . :
16.000 : :
14.000 .
12.000
10.000

8.000

6.000

4.000

2.000

0

10.000 _ _ _ , , Neiherlands (Amsterdam) . . . . .

8.000 : : : : : : :

6.000 s : : : ; ;

4.000 : : : : i PEF: ; s s : : :

2,000 II : o PEF. II s : :

0 o o o o o o . . . . . .

Similar trend to final energy demand, but different scaling due to differences in
Primary energy factors (between countries, between gas and electricity)

Country-specific final energy demand (weather) and PV gains (solar insolation)
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Results: Aggregated primary energy demand (example)

Aggregated by thermal-insulation level and main heat generator

2,6 2,4 2,

2 2 1,8 1,6 1,4 1,2 1
Primary energy factorfor electricity

0,8 0,6 0,

.E; 1800/0 T T T T T T T T
= : «==1) Boiler + Hot water tank
g 160% Czech Republic (Prague) 213) ASHP
g 140% \\ ——4-7) EUFH
,.3 120% \
S 100% \r\
g 80% ‘uLuice (11uU] Jciullyv '__x—\
S  60% L ~———_
D
S 40% T~
= \
= 20% ‘\\
& 0% I —

26 24 22 2 1,8 1,6 1,4 1,2 1 08 06 04 02 0
= 140% ' ' ' [ — 1) Boiler + Hot water tank
N I Netherlands (Amsterdam) s hetp TN

o e,
= ] T ‘ ——4-7) EUFH
g’ 100% IIIIIIIIIIIIIIIIIIIIII;.I.".I-I..I-I..I.IIIII|IIII
% s0o% | | e \L
]
2 60% |t - Future thopefullv) -
5 ....................... (optimistic projection) }
o Ll L T e N

2 a0 — T~
S 20% —— ~—_
[4+]
E T
= 0% B

0,2 0

EUHA Study
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Influence of PEF for electricity: Findings/Outlook

Direct-electric heating in combination with PV, on average, causes more
primary energy demand than gas heating with PV right now. With ongoing and
growing efforts towards electricity from renewable energy sources and also
extrapolating from the recent past, this is most likely a matter of time only.

In contrast, basically no potential to make natural gas and condensing boilers
any better in terms of efficiency, primary energy, climate-effecting/pollutant
emissions than they are now

— To a certain degree, these findings also apply to greenhouse gases

Comparison highly depends on the made assumptions and the reference to compare against

For example, primary-energy-wise, direct-electric heating usually scales better with the building’s heat demand (thermal insulation, air
tightness) than gas heating. Therefore, different results may show for an even better thermal insulation than was assumed here.

With direct-electric heating (+ PV) often causing lower total annual costs than gas heating (+ PV), part of the saving could potentially be
invested in better thermal insulation.

EUHA Study 05.11.2020



Results: Total annual costs (example)

High thermal insulation Annual costs [€Ia] Very high themal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + EUFH +
Boiler + SHP + SHP + |JEUFH + JEUFH + E hot |EUFH + |Boiler + SHP + SHP + |JEUFH + JEUFH + E hot |EUFH +
Hot Hot Flow HP E hot water Flow Hot Hot Flow HP E hot water Flow
water water eater + | water water tank + |Jheater + | water water eater + | water water tank + |heater +
tank tank Battery heater tank Battery | Battery tank tank Battery heater tank Battery | Battery
5400 : : : : : . . : : : : :
: : : Germany (Potsdam)
4.800 : : : : :
4.200 : K3 :
4 600 H'“H H-:2sH*=
2420 H H H H
oo H H H H
12 H H H  H
600
o B | ' | PP | TS
™ Total annual costs = Capital = Energy = Maintenance etc. = Repair
4.200 I I I I 1 1 1 1 1 | I I I
: : : Czech Republic (Prague) : : : :
3.600 : . -
3.000 S . . . .
3.064 n 3.026
2400
1.800
1.200
600
(0]

»~ Direct-electric heating in combination with PV —in highly insulated buildings — often
economically interesting or even favourable (compared to gas heating with PV)

» Profits more from lower heat demand (-> better thermal insulation) than gas heating
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Total annual costs: Outlook

No further potential for efficiency and price optimisation for gas condensing
boilers (mature technology)

PV prices dropped significantly in recent years (probably moving towards
stagnation) — reduced potential for price optimisation (scale effects etc.)

Still some optimisation potential for batteries to be expected

PV batteries today = Lithium-lon:
Recent development mainly driven by electromobility / car industry
Still rather young technology (at least in that context/scale)

Possibility: Economically feasible reconfiguration and reuse of old traction batteries in
near future(?)

Ongoing development of alternative battery systems for stationary use

Steeper price increase for fossil fuels than for electricity from renewable sources
to be expected (e. g. carbon tax)

EUHA Study 05.11.2020



Number of dwellings potentially suited for
direct-electric heating

» Assumption: New buildings from 2016 onwards probably suited for direct-electric
heating

Number of dwellings in family and multi-dwelling houses
Potentially suited for
direct-electric heating
1.000.000 e 2016 t0 2019: 3.421.179
e Per year. 781.492
900.000
800000 | oo 20yearaverage
700000 | - - - - - — —
e0000 | - —=
500000 v+ MWSweden: Building pemits I— B
@ Netherlands: Completed dwellings
400000 v+ WFrance: Started dwellings —_
B Czech Republic: Completed dwellings
300.000 - BGermany. Completed dweliings -—_—
200000 |
100000
0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015|2016 2017 2018 2019
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Thank you for your
attention!

iTG

Institut fiir Technische Gebaudeausriistung Dresden
Forschung und Anwendung GmbH

Tiergartenstr. 54, 01219 Dresden

Tel.: +49 351 4692 54-70

Fax: +49 351 4692 54-79

E-mail: info@itg-dresden.de

Internet: http://www.itg-dresden.de




A few additional slides, just in case ...

(There is even more in the actual study)
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Final energy balance

Final energy balance [kWh/a], Germany (Potsdam)
6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater +Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Battery

Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance

Momentary Momentary Momentary Momentary Momentary Momentary Momentary
2] 3 21 5 2| 5 2| s 2| s 2| 5 2| 5
£l % <]z £1% =3 £l & ¢<| 3 £1 8 ¢| 3 £l g =3 £l & ¢<| 3 £l 8 ¢<| 3
e 812 E|E|lg 8|2 E|E|lg 8|2 E|E|lg 8|2 &|E|lg 8|12 s|Ele 8|2 E|E|lg 8|= E|E
[} [ a o < o w a a < o w a a < o w a a < [ w a a < o w a a < o w a a <
14.000 ! H H . . : : . H .
: Bl Electicity: Fed in : : Thermal Insulation: High : : :
12.000 Demand/Consumption-
: M Gas: HVAC : : : : : : :

10.000

Il Electicity: HVAC
B Electricity: Household:

8.000

sessesresecsesscsecsdssccscam

6.000

sececcslesscsrcresscsersscscsdccscccm

sececcsiescssecresscne

4,000

ceesscslecscsscsrcscsersncsns

eeesecsecsccsceccscnere

2.000

XX Ry

0
14.000

I hermal Insfulation: Vefry high

12.000

10.000

eeessesecscssdsncsne
eeesecsecsessdsscscndes

8.000

I I Iy re

6.000

4,000

I LI T T I YT TR Y PRT PR RY PRY

esesscsecacssesscsne

2.000

B N I I I I I TN TR TR Y PR
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Final energy balance

Final energy balance [kWh/a], Czech Republic (Prague)
6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater +Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Battery

Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance

Momentary Momentary Momentary Momentary Momentary Momentary Momentary
= E = E = E = E = E_ = E = E
o — o — o — o — o 1 o — [*] —
g3 E|¢ HEEE HIEEIE HEEE sz 5|3 :|§ sz 22 <3
8 () > S £ 2 [T} > S £ @ 1) > S £ 8 L) > s £ 2 (1) > s £ @ [T} > S £ 8 L) > s £
16000 (L) w o a < (4] w o a < (4] w o a < (U] w o a < (4] w o a < (4] w o a < (L] w o a <
: B Electicity: Fed in : : Thermal Insulation: High : : :
14.000 Démand gonsumgtion; : : : : :
: M Gas: HVAC :

12.000 Il Electicity: HVAC

B Electricity: Household:

10.000

8.000
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Final energy balance

Final energy balance [kWh/a], France (Paris)

6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater +Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Battery
Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance
Momentary Momentary Momentary Momentary Momentary Momentary Momentary
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B Electibly: Fedin - Thermal Insulation: High
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10.000 : H : :
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Final energy balance

Final energy balance [kWh/a], Netherlands (Amsterdam)
6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater +Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Battery
Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance
Momentary Momentary Momentary Momentary Momentary Momentary Momentary
2| s 21 5 2| 5 2| s 2| s 2| 5 2| 5
£l5 |3 £l%5 |3 sl 5 g% N I N I £l % <[ gl g <3
e 8|2 &|Elg 8|12 &|Elg 8|2 E|E|lg 8|l E|E|lse 8= E|E|lz 8|12 E|E|ls 8|12 E|CE
14,000 (L] w o a < (4] i} o a < (4] w Y a < o w o a < (4] i} o a < (4] w [ a < (L] w o a <
M Electibiy: Fedin - Thermal Insulation: High
12.000 Demand/Consumption
: M Gas: HVAC : : : : : : : : : : :
10.000 : Il Electicity: HVAC : : : : : : : : : :
M Electricity : Household
8000 : : : : : : : :
6.000 : : : : :
4000 :
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Final energy balance

Final energy balance [kWh/a], Sweden (Stockholm)
6) EUFH +E hot water tank +
1) Boiler + Hot water tank 2) ASHP + Hot water tank 3) ASHP + Flow heater +Battery 4) EUFH +HP water heater 5) EUFH +E hot water tank Battery 7) EUFH +Flow heater + Battery
Demand Demand Demand Demand Demand Demand Demand
before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance | before PV | Electricity balance
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e 8|2 &|Elg 8|12 &|Elg 8|2 E|E|lg 8|l E|E|lse 8= E|E|lz 8|12 E|E|ls 8|12 E|CE
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16.000 : B Gas: HVAC : : : : : : : : : : : :
14000 : N ol VAC : : : : : : : : : : :
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12.000 : . . : : : : : : : : : : :
10.000 : : : :
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2000
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Energy costs

Energy costs [€/a], Germany (Potsdam)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +{7) EUFH +
1) Boiler 4{2) ASHP +] Flow |4) EUFH +|5) EUFH +] E hot Flow |1) Boiler#2) ASHP+] Flow [4) EUFH H5) EUFH +] E hot Flow
Hot water] Hot water | heater + | HP water] E hot Jwater tank] heater + | Hot water] Hot water] heater + | HP water] E hot [Jwater tand heater +
tank tank Battery heater [water tank] + Battery| Battery tank tank Battery | heater Jwater tank] + Battery| Battery
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1.200 : :
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800 ‘
600
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600 . . . . . . . . . . . .
-800 . . . . . . R
Total M Gas El: HVYAC ™ E|: Household ™ El: Fedin
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Energy costs

Energy costs [€/a], Czech Republic (Prague)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +{7) EUFH +
1) Boiler 4{2) ASHP +] Flow |4) EUFH +|5) EUFH +] E hot Flow |1) Boiler#2) ASHP+] Flow [4) EUFH H5) EUFH +] E hot Flow
Hot water] Hot water | heater + | HP water] E hot [Jwater tank] heater + | Hot water] Hot water] heater + | HP water] E hot Jwatertani heater +
tank tank Battery heater [water tank] + Battery| Battery tank tank Battery | heater Jwater tank] + Battery| Battery
1400
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800 : : : : :
600 : : : : : : : : : : : | :
400
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Energy costs

Energy costs [€/a], France (Paris)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +{7) EUFH +
1) Boiler 4{2) ASHP +] Flow |4) EUFH +|5) EUFH +] E hot Flow |1) Boiler#2) ASHP+] Flow [4) EUFH H5) EUFH +] E hot Flow
Hot water] Hot water | heater + | HP water] E hot [Jwater tank] heater + | Hot water] Hot water] heater + | HP water] E hot Jwatertani heater +
tank tank Battery heater [water tank] + Battery| Battery tank tank Battery | heater Jwater tank] + Battery| Battery

1.000
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-400

-600

-800 . . . . . . .
Total ™ Gas El: HYAC M El: Household ™ El: Fed in
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Energy costs

Energy costs [€/a], Netherlands (Amsterdam)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +{7) EUFH +
1) Boiler 4{2) ASHP +] Flow |4) EUFH +|5) EUFH +] E hot Flow |1) Boiler#2) ASHP+] Flow [4) EUFH H5) EUFH +] E hot Flow
Hot water] Hot water | heater + | HP water] E hot [Jwater tank] heater + | Hot water] Hot water] heater + | HP water] E hot Jwatertani heater +
tank tank Battery heater [water tank] + Battery| Battery tank tank Battery | heater Jwater tank] + Battery| Battery
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400 : : : : : : : : : : : :
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-200
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Total ™ Gas El: HYAC ™ El: Household ™ El: Fed in
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Energy costs

Energy costs [€/a], Sweden (Stockholm)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +]7) EUFH +
1) Boiler 4{2) ASHP +] Flow |4) EUFH +|5) EUFH +] E hot Flow ]1)BoilerH§2) ASHP+] Flow |4) EUFH 45) EUFH +] E hot Flow
Hot water] Hot water | heater + | HP water] E hot Jwatertank] heater + | Hot water] Hot water] heater + | HP water] E hot |Jwatertanid heater +
tank tank Battery | heater Jwater tank] + Battery| Battery tank tank Battery | heater |watertank] + Battery| Battery
2.000
1.800
1.600
400 : : : : : :
2200 : : : : : : : : : . :
Total M Gas El: HVAC M El: Household ™ El: Fedin
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Primary energy demand (Demand: HVAC only)
Primary energy demand [kWh/a], Germany (Potsdam)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +]7) EUFH +
1) Boiler +]2) ASHP +] Flow ]4) EUFH +]5) EUFH +] E hot Flow |1) Boiler +|2) ASHP +| Flow |4) EUFH +|5) EUFH 4] E hot Flow
Hot water | Hot water| heater + | HP water|] E hot |Jwatertank] heater + | Hot water | Hot water| heater + | HP water] E hot |watertank] heater +
tank tank Battery | heater Jwater tanld + Battery | Battery tank tank Battery | heater Jwater tanlq + Battery| Battery
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B HVAC only (after PV) ®with household bonus ™ with feed-in bonus ® with both
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Primary energy demand (Demand: HVAC only)

Primary energy demand [kWh/a], Czech Republic (Prague)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +]7) EUFH +
1) Boiler +]2) ASHP +] Flow ]4) EUFH +]5) EUFH +] Ehot Flow |1) Boiler +|2) ASHP +| Flow |4) EUFH +|5) EUFH #] E hot Flow

Hot water | Hot water] heater + | HP water] E hot [Jwatertank] heater + | Hot water | Hot water] heater + | HP water] E hot [watertank] heater +
tank tank Battery | heater Jwater tanld + Battery | Battery tank tank Battery | heater Jwater tanlq + Battery| Battery
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B HVAC only (after PV) ®with household bonus ™ with feed-in bonus ® with both
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Primary energy demand (Demand: HVAC only)
Primary energy demand [kWh/a], France (Paris)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +]7) EUFH +
1) Boiler +]2) ASHP +] Flow |4) EUFH +]5) EUFH +] E hot Flow ]1) Boiler +]2) ASHP +] Flow ]4) EUFH +]5) EUFH +] Ehot Flow
Hot water| Hot water| heater + | HP water] Ehot |[watertank] heater + | Hot water | Hot water] heater + | HP water] E hot |Jwatertank] heater +
tank tank Battery | heater Jwater tanld + Battery | Battery tank tank Battery | heater Jwater tanlq + Battery| Battery
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B HVAC only (after PV) ®with household bonus ™ with feed-in bonus ® with both
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Primary energy demand (Demand: HVAC only)
Primary energy demand [kWh/a], Netherlands (Amsterdam)
Thermal insulation: High Thermal insulation: Very high
3) ASHP + 6) EUFH +]7) EUFH + 3) ASHP + 6) EUFH +]7) EUFH +
1) Boiler +]2) ASHP +] Flow ]4) EUFH +]5) EUFH +] E hot Flow |1) Boiler +|2) ASHP +| Flow |4) EUFH +|5) EUFH 4] E hot Flow
Hot water | Hot water| heater + | HP water|] E hot |Jwatertank] heater + | Hot water | Hot water| heater + | HP water] E hot |watertank] heater +
tank tank Battery | heater Jwater tanld + Battery | Battery tank tank Battery | heater Jwater tanlq + Battery| Battery
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4000
2,000
0
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-10.000 . . . . . . . . . . . . . .
B HVAC only (after PV) ®with household bonus ™ with feed-in bonus ® with both
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Primary energy demand (Demand: HVAC only)
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Primary energy demand [kWh/a], Sweden (Stockholm)

Thermal insulation: High

3) ASHP +
Flow

6) EUFH +]7) EUFH +
4) EUFH +]5) EUFH +] Ehot Flow
E hot Jwater tank] heater +

Battery | heater Jwater tanld + Battery | Battery

1) Boiler +]2) ASHP +
Hot water | Hot water| heater + | HP water

tank

tank

Thermal insulation: Very high

3) ASHP +
Flow

6) EUFH +]7) EUFH +
4) EUFH +]5) EUFH +] E hot Flow
E hot Jwater tank] heater +

Battery | heater Jwater tanlq + Battery| Battery

B HVAC only (after PV) ®with household bonus ™ with feed-in bonus ® with both
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Total annual costs

Annual costs [€/a], Germany (Potsdam)
High thermal insulation Very high thermal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + E EUFH + E
ASHP + EUFH+HP | EUFH+E hot water EUFH + ASHP + EUFH+HP | EUFH+E hot water EUFH +
Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater |Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater
water tank | water tank + Battery heater tank Battery + Battery water tank | water tank + Battery heater tank Battery + Battery
5.100 ! ! ! ! ! ! ! ! ! ! ! !
M Total annual costs
4.800 = Capital
M Enemy
4500 4.5% A = Maintenance etc.
= Repair
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Total annual costs

Annual costs [€/a], Czech Republic (Prague)
High thermal insulation Very high thermal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + E EUFH + E
ASHP + EUFH + HP EUFH + E hot water EUFH + ASHP + EUFH + HP EUFH + E hot water EUFH +
Boiler + Hot SHP +Hot |Flow heater water hot water tank + Flow heater |Boiler + Hot JASHP +Hot |Flow heater water hot water tank + Flow heater
water tank | water tank + Battery heater tank Battery + Battery water tank | water tank + Battery heater tank Battery + Battery
3.900 | | | | | | | | | | | |
™ Total annual costs
m Capital
3.600 = Energy
3.5% = Maintenance etc.
3.300 = Repair
N B = =
- l I l
i B 5 N
- I I l
- I I l
- l . l
” I l l
- l l l
" l l l
0
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Total annual costs

Annual costs [€/a], France (Paris)

High thermal insulation Very high thermal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + E EUFH + E
ASHP + EUFH+HP | EUFH+E hot water EUFH + ASHP + EUFH+HP | EUFH+E hot water EUFH +
Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater |Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater
water tank | water tank + Battery heater tank Battery + Battery water tank | water tank + Battery heater tank Battery + Battery
4.500 ! ! ! ! ! ! ! ! ! ! !
M Total annual costs
4.200 = Capital
M Enemy
3.900 = Maintenance etc.
. = Repair
3.600 . .
= = =
. = = =
. = = =
o = = =
o = — —
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o = — =
o — — —
o = — —
w = = =
0
-300
-600
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Total annual costs

Annual costs [€/a], Netherlands (Amsterdam)
High thermal insulation Very high thermal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + E EUFH + E
ASHP + EUFH+HP | EUFH+E hot water EUFH + ASHP + EUFH+HP | EUFH+E hot water EUFH +
Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater |Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater
water tank | water tank + Battery heater tank Battery + Battery water tank | water tank + Battery heater tank Battery + Battery
4.200 ! ! ! ! ! ! ! ! ! ! ! !
¥ Total annual costs
3.900 = Capital
B Enemgy
378 = Maintenance etc.
3.600 — = Repair
3.300
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Total annual costs

Annual costs [€/a], Sweden (Stockholm)
High thermal insulation Very high thermal insulation
1 2 3 4 5 6 7 1 2 3 4 5 6 7
EUFH + E EUFH + E
ASHP + EUFH+HP | EUFH+E hot water EUFH + ASHP + EUFH+HP | EUFH+E hot water EUFH +
Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater |Boiler + Hot |ASHP +Hot |Flow heater water hot water tank + Flow heater
water tank | water tank + Battery heater tank Battery + Battery water tank | water tank + Battery heater tank Battery + Battery
5.400 ! ! ! ! ! ! ! ! ! ! ! !
¥ Total annual costs
5.100 = Capital
M Enemgy
4.800 4.9 = Maintenance etc.
= Repair
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Total annual costs: Input data

Influence of service life span and annual interest rate

Annuity as a function of service life
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@
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2 49 Interest rate 1%

2%

0%

0 5 10 19 20

Service life [a]

EUHA Study 05.11.2020



Influence of PEF for electricity

Primary energy [kWh/a]

Primary energy [relative to gas heating]
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Influence of PEF for electricity

Primary energy demand as a function of PEF_el, Czech Republic
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Influence of PEF for electricity

Primary energy demand as a function of PEF_el, France
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Influence of PEF for electricity

Primary energy [kWh/a]

Primary energy [relative to gas heating]
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Influence of PEF for electricity

Primary energy demand as a function of PEF_el, Sweden
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