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> Pompes a chaleur cans le résidentlel collectit:
L

Du retour d’expérience a la généralisation par simulat

Consommation d’énergie finale dans le canton GE en 2014 (GWh/an)

Chaleura
Essence et distance;430 )
diesel: 2'053 r Biomasse; 61

Mazout; 2'156

Besoins de chaleur
(2014, in GWh/yr)

Objectifs du canton pour ce
secteur a I’horizon 2035:
moins 18% des besoins
Plus 34% de renouvelables

Electricite;
2'866
Gaz naturel;
2'733

Source: Quiquerez, 2017
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> Pompes a chaleur

Approvisionnement chaleur des batiments du canton en 2014 (GWh/an)

48 Distribution losses
Waste heat 241

District
— heating
5
Waste heat, geothermal, /
lake (low temp.) 4 Heat h
pares Waste heat, air, geothermal, PO m p e S a C h a I e u r
1 lake (low temp.)
PV 28 30 ‘
Imported 10 Individual 44
electricity heat pumps Heat demand
Boilers .
il N Energie renouvelable
Gas
2649
- (ou chaleur fatale)
Biomass 16 Individual
46

boilers

20
Qil Solar thermal
Transformation losses

PV unused in the
23 heating sector

Source: Quiquerez, 2017
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<& Pompes a chaleur = Energie renouvelable

(_,O

vapeur
basse
pression

pression

B
/ \ circuit de captage liquide
U basse

(ou chaleur fatale)

—> —>
(NI, Vapeur
& ' haute

i pression

Eau chaude sanitaire

Circuit thermodynamique

1-évaporateur 2-compresseur 3-condenseur

Source: http://free-stock-illustration.com

4-détendeur
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« Pompes a chaleur - Energie renouvelable
O
(ou chaleur fatale)

HP technology context

Chaleur renouvelable:
2 unités (66%)

Eau chaude
sanitaire
+
Chauffage

Chaleur délivré:
Pompe a chaleur 3 unités (100%)
COP =3

Electricité:
1 unité (33%)

Puissance thermique produite

Coefficient de performance : COP = — . -
Puissance electrlque consommee

Performance dépend des températures : de |la ressource et de la demande

COP = n. Tdemand

Tdemand - Tressource
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< Pompes a chaleur - Energie renouvelable

O
N (ou chaleur fatale)

Performance dépend des températures : de |la ressource et de la demande
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Temperature difference
between demand (condenser) and resource (evaporator) [K]

Source: Fraga et al., 2015 6



Geneva context
Building stock in 2010:

Batiments

Partiellement
et sans usage
d’habitation
(15%)

Habitation
collectif
az3log.
(27%)
Maisons a
2 logements
(5%)
avec activités 4?’000 bétiments

|:| 100% logements

Source: Khoury, 2014

individuelles

résidentiel collectif

Surfaces énergétiques

Maisons
individuelles
(11%)

) Maisons a
Fartiellement 2 logements
et sans usage (1%)

d'habitation
(40%)

Habitation
collectif

a =3 log.
(48%)

SRE =41 mio m?
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O résidentiel collectif

Geneva context
Building stock in 2010:

27% of the buildings = 48% of the heated surface

MFB # SFH
less studied
Habitation ngher DHW shares
::ﬁﬁg Bigger systems Habiar
Space constraints 22 3lg.
avec activités 12’602 batiments SRE = 19.3 mio m?

|:| 100% logements

Source: Khoury, 2014



Du retour d’expérience a la généralisation par simulation

Content

1. Analysis of an innovative
solar assisted HP system

2. Sensitivity analysis
(technical layout, building demand)

3. Comparative analysis
(diverse HP sources + building demand)
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monitoring

numerical
simulation

numerical
simulation
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1. Analysis of an innovative solar assisted HP system
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1. Analysis of 3 innovative solar assisted HP system

800 000

SO0 000

BO0 00

500 000

400 0d
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100 000

=

" H-ground’water -

B4 girhwater

Reversible air-air wheating
® Exhaust air
¥ Sanitary hot water

l||"¥
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Source: EHPA, 2015

2005

2010

2011

2012 2013 2014

Figure 1-1: Development of
heat pump sales in Europe
2005-2014, by category

Market dominated by
air and ground HPs

Air

Variable T, N Winter

source,

COP~ 2.8

Ground

More stable T ;.. /1 Winter
COP ~ 3.7
Space/implementation
constraints

Solar

Improve Air T, e ?
Improve COP,; ?

Less space/implementation

constraints than Ground ?
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1. Analysis of an innovative solar assisted HP system

Monitored building

Energy concept

System operation modes and priorities
Monitoring results

Conclusions
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Monitored building

Solarcity (Satigny)

Minergie building complex (built 2010)

e 4 buildings / 10 blocks

e 1 block monitored in detail:
— 927 m? heated surface
— Space heating (SH) ~20 kWh/m?%yr
(good thermal envelope) %

— Domestic hot water (DHW) ~50
kWh/m?an (high)




Energy concept

Solarcity (Satigny)

Heating system (per block)
116 m? unglazed solar collectors

Heat pump: 35 kWth, COP: 4.5 (BO/W35)

Centralized heat storage: 6000 lit
Backup electric heating (HP failure)

Solar Collector

@ Ti1

Heat distribution

Alternate SH/DHW distribution

Decentralized DHW storage:
300 lit per flat

Floor heating (30 °C)

DHW

P1’ T13

Heat pump

.
=8

P

: @ Temperaturesensor
T51 PS5 753 B Flow meter

cs 52 B pump
< valve




System operation modes and priorities

1) Solar =» Building and/or storage 3) Solar/Ambient =» HP =» Building and/or storage

Salar Collector
Heat Exchanger

.........

0
ETETE

W

2) Storage =» Building 4) Backup electric heating

TENTEgTE
TEnTEeTE

E%
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Monitoring results

Energy flows of the studied building block, 2012 (units: kWh/m?)

Night cooling: 4.6

Dissipation: 4.8 T
]
-}
E E Ice meling: 0.1
g Balance eror: 0.7 8
g 3 SH:28
= [+7]
2 13.9 = DHW-238
: )
ST ST o Capacity: 0.1 Night cooling: 4.5
o \,
S : O Space Heating: 19.1 -
g g : 2
A 5§ Domestic Hot Water: 47.7 /31
| =} = 8‘
07 0.1 Qa
- Losses: 4.4 Unidentified: 1.3

Balance error: 1.8
DHW: 33.3

dwng jeay

Electricity: 23.8

others: 0.6

Electric heating: 0.9
Input: Performance:

* Renewable heat: 68% (direct solar: 19%) * SPF HP: 2.7 (monthly COP HP 2.5 — 3, even in
summer because HP only for DHW at 60°C)

* SPF System: 2.9 (2.5 in winter, 4.4 in summer)
* Total electricity: 24 kWh/m?

Electricity HP: 30%
Electricity backup: 1%

Electricity auxiliaries: 1%

Renewable energy: 100% (green elec.) Storage:

* 28% of HP production to storage

16



1. Conclusions

* excellent system reliability

e electric backup hardly needs to be used

* Absolute electric consumption (24 kWh/m?/yr) reasonable
due to a low thermal demand (68 kWh/m?/yr)

Why SPF system of 2.9, when ~ 5 expected?

1. single heat distribution circuit with decentralized DHW storage,
no solar preheating

2. excess heat for DHW (60°C) stored, for subsequent SH (30°C)

3. low SH with high DHW (30% and 70%)
heat produced at a high temperature (60°C);

4. no insulation of the unglazed solar collectors



Content

2. Sensitivity analysis
(technical layout, building demand)
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2. Sensitivity analysis

Numerical model

Validation

Normalization to standard distribution/centralized heat storage
Sensitivity to heat demand

Sensitivity to solar collector area

Conclusions

19



Numerical model

Solar Heat
collector exchanger
Qsol.dir Qsol.dem
Qsol.hp Qsol.st
- > Hot
—> | storage
Qst.loss Qst.dem
— | Tepid —
pump =
Qst.loss
Qhp.st
@
Ehp Qhp.dem
Edir

Qdem

20



Numerical model

Solar collectors
Sunny/Solar

Solar

collector
nsol' GSOl |
Qsol.dir Solar
collector
Qsol.hp

/ Qsol
/

— X
Qsol.loss
Qsol = Aso1(Ms01Gso1 — Csolloss) No Sun/Air
d Sol
Qsolloss = (hsol,o + hsol,vv)(Tsol - Text) colloe?tror

Qsol = Qsor.air T Qsol.hp Qsol
/

N

Qsol.loss



Numerical model

Heat pump

Heat
Qsol.hp pump —

Qhp.st
— 1O
Ehp Qhp.dem

th — f(Tcond: Tevap)
Ehp — f(Tcond: Tevap)
Qevap = th - Ehp

cop =2
Ehp

Coefficient of performance

Data from manufacturer:

10

O N B O 00

Temperature difference
between demand (condenser) and resource (evaporator) [K]
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Numerical model

Storage
Qsol.st
- > Hot
—> | storage
Qst.loss Qst.dem
— | Tepid
--=> |_storage
Qst.loss
Qhp.st

Qst,in — Qst,out - Qst,loss = sthatpwat(Tst _ Tst,t—l)/dt

Qst,loss = Asthst(Tst,t—l - Troom)



Numerical model

Input Storage
Solar Heat
collector exchanger
Qsol.dir Qsol.dem
Qsol.hp Qsol.st
- > Hot
—> | storage
Qst.loss Qst.dem
— Tepid
pump -
Qst.loss
Qhp.st
@
Ehp Qhp.dem
Edir

Qdem
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Validation

kWh/m?2/yr

80
70
60
50
40
30
20
10

— Input____

W Edir

M Ehp

H Qsol.hp
Qsol.dir

Mon Sim

kWh/m?2
o = N w S o (@)} ~ (0]

Input

Qsol.dir
eeeees Qsol.hp
cececs Ehp
eeeece Fdir

Qsol.dir
e (Qsol.hp
e E D

Edir

2 3 4 5 6 7 8 9 10 11 12 month

~ Monitored

~ Simulation
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Normalization to standard heat storage/distribution

Decentralized DHW Centralized DHW

Input Production Storage Qutput/ Demand
Input Production Storage Output/ Demand
Heat
Solar Heat exchanger
collector exchanger Solar DHW
Qsol.dir Qsol.dem collector Qsoldhw storage
Qsol.hp Qsol.st Qsol.dir ' Qst.dhw
> Qsol.hp Qsol.sh < Qdhw
—
Heat
L :|> Qdem puenip Qst.loss
Tepid ;
pump | | N
Qst.loss Qh h
3 St SH Qst.s
=l - (O
— Eh
_% :
Ep  : Qhp.dem Qhpish Qst.loss
: —
Edir
Edir

Identical components in both layouts
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Normalization to standard distribution/heat storage

70— —
g 60 — —
2 L | dir
He | [
;g 30 /j ﬁ_ B Qsol.hp
£ 20 _y S & Qsol.di

10 L .dir

0 + : WY .

25 For the overall system performance:
o5 L ¥ L System configuration is as important as
;g 10— — oth individual components performance

. L -

0

5

4 / - M SPFsys

é 3 4 ¢ © SPFhp

2

Norm Std Base
(decentralized) (centralized)
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Sensitivity to heat demand

Building sample

1) New, high DHW

1’) New

2) Retrofit best case

3’) Retrofit intermediate

3) Retrofit reference
|4) No-retrofit |

Case study

(1) Solar City

(1’) Solar City, adapted
(2) Cigale

(3’) Gros Chéne, adapted
(3) Gros Chéne, build. A
(4) Gros Chéne, build. B

T, 30°C

i TSh 40°C

i TSh SOOC

o

Space heating demand [MJ/m?/yr]

&)
2

Quhwis [KWh/m?/yr]

before 1946

Construction periods
1946 - 1980

1981 - 2010

¥T0Z ‘Adnoyyl :92un0s

:921N0S

o)
c

800 o SH distribution (9*" decile,
3" quartile, median, 1%
700 4 quartile and 1% decile)
1) New (SolarCity)
1’) New low DHW
600 2) Retrofit best case (Cigale)
3’) Retrofit intermediate
3) Retrofit reference
500 - (Gros-Chéne)
4) No-retrofit (Gros-Chéne)
400
™ \V 363
4) \
300 281
sas
200 )& 2)
\
; 2)
Qh li: SIA retrofit (ed. 2009)
100 Minergie-P retrofit ed. 2009) | | »
1) & 1')(
0 T T :
0 2 4 8 10 12 14 16 18
60 - Energy reference area [million m?] . Q. (3 quartile, ‘
median and 1st quartile)
1) New (SolarCity)
50 - 1’) New low DHW
2) Retrofit best case (Cigale
1) 3’) Retrofit intermediate
40 - 3) Retrofit reference (Gros-
4) No-retrofit (Gros-Chéne)
o _—
30 - °
2
) 3),4),1)83)
20 ~ SIAlim
10 -
0 T T T T T T
0 10 20 30 40 50 60

Substations



Sensitivity to heat demand

Input energy flows

Electricity
kWh/m2/yr

kWh/m?2/yr

SPF

160
140
120
10

A O
o O O o

=N
U o o o

In relative values:
W Edir Edir < 1%
) omenp B 24% to 33%
W 7 ﬁnﬂ / @ Qsol.hp
- /ﬁ % | BQsol.dir
Q\\x RN SRR T oo O s S
In absolute value:
- From 16 to 45
[ kWh/m?/yr
S— —— W Edir
—— DOEhp
Sizing:
_ 2 H
ASO| =3.32m /kWhp
m - msersys  HP 100% Qdem
o - m
< o > n < SPFhp .
g o Space constraints:
| | | A/ heated area
New New Retrofit Retrofit Retrofit No-Retrofit 0.13to00.23 rnz/m2
(Base) low DHW best case intermediate reference o~ ~
(30°C-70/30) (30°C-60/40) (40°C-50/50) (40°C-30/70) (50°C-30/70) (50°C-20/80) (~8 floors to ~3 floors)
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Sensitivity to solar collector area

For Geneva’s weather condition: 3 m?/kW,; (HP 100% Qq,,)

5.0 < 045
% 0.40 2

45 & 035

4.0 Tﬂﬁﬁéﬁ ‘E’ 0.30
$ 6 £ 025
a 35 HWoeoooe® - .
T N g o1s

' %“Ly ) 3 010 -

2.5 ;’g 0.05

2.0 . : : , . . . ¥ 0.00 . : : : , ,

' 0 1 2 3 4 5 6 7

0 ! 2 3 4 > 6 / Solar coIIect:r area (mzsoI/kWhp)

60
E 5o === New / high DHW (30°C - 70/30)
g 40 X== New (30°C—60/40) _
£ 1 *«A-- Retrofit / best case (40°C - 50/50)
g 2 O~ Retrofit / intermediate (40°C - 30/70)
T «« <M+ Retrofit / reference (50°C - 30/70)
o
= &= No-retrofit (50°C - 20/80)

0 T T T T T T |

0 1 2 E 4 5 6 7
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2. Conclusions

Why SPF system of 2.9, when ~ 5 expected?
Due to decentralized DHW (no solar preheating)
With centralized DHW: SPF_ 4.4

For the overall system performance, system configuration is as important
as individual components performance

Can Solar HP system be used in Retrofitted and Non Retrofitted MFB buildings?
New and Best Case Retrofitted MFB, yes.
Retrofitted and No-retrofitted, be careful with Electricity and Solar Area

Can SPF_, of 5 be achieved ?

Yes, but only in New buildings, with low SH temperature and high collector area
(0.20 - 0.25 m? per m? heated area =» less than 4 storeys)

Moreover:

- available roof area is not unlimited

- doubling solar collector area for small electricity saving may not be worthwhile

31



Content

3. Comparative analysis
(diverse HP sources + building demand)
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3. Comparative analysis

Resources
System layout and sizing

HP sources potential:
- Disregarding available area constraints
- HP & PV systems with available area constraints

Discussion
Potential effect on regional load curve

Conclusion
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Resources

Air

Geothermal (boreholes)
Lake (Geneva, 35m)
River (Rhone)
Groundwater

Solar

Year: 2010

Temperature [°C]

35

30

25

20

1

v

10

720

720

wlliM

1440

1440

2160

2160

2880

2880

3600

3600

4320

4320

5040

5040

5760

5760

6480

6480

— Air

7200

7200

Rhone
Lake

Groundwater

4

7920

8640 h

Global horizontal

7920

34
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System layout and sizing

Solar HP system

Solar

Heat

collector
/lsof. dir
Qsol.hp

Edir

exchanger
DHW
Qsol.dhw 2 Qst.dhw
- Qsol.sh <
F:'ﬁg; Qst.loss
Qhp.dhw

Other sources HP system

Qres.hp

v Qst.loss

Qhp.st SH Qst.sh
—_—— _—
storage

Qhp.sh Qst.loss

|
ﬁ

—>

Ehp
S
% Edir

-

Qhp.st SH Qst.sh |
p.st__ Qstsh
. @ |

Ehp 5 Qhp.sh Qst.loss ,H
—

} Qdhw

Qsh

Qst.dhw
Tﬁﬁt DHW [——> Qdhw
pump storage —
Qhp.dhw

Qsh

Components size:

Solar: A, set to 3 m?/ kW,

Geothermal: 250m, 36
m2/borehole

Nb boreholes adjusted so that
Teeo >1.5°Cin 50 years

Without recharge
(simulation with pilesim)

Air, Lake, River and Groundwater:
No sizing values because they are
not space extensive
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HP sources potential

Disregarding available area constraints — HP performance

Heat
O O Solar exchanger
4.5

O O collector DHW
: I I Qsol.dir Qsol.dhw SYOrage  gst.dhw 5
4.0 Qsol.h Qsol.sh <— } Qdhw

3.5

0 = o] O
3.0 8 B pﬂiﬁ; Qst.loss
2.5 Qhp.ghw

5.0

o= O
HE O

SPFhp

Eyp [KWh/m?]

1
2.0 |
Qhp. SH Qst.sh
Ot - L
1.0 % > Qhp.s Qst.loss P
0.5 Edir
0.0
S0 Resource classification:
45
o O Groundwater
35 :
> E River
23 W Lake
20
15 B Geothermal
10
5 B Air & Solar
0
New Retrofit Retrofit Retrofit No-retrofit
high DHW best case intermediate reference
(30°C-70%)  (30°C-60%)  (40°C-50%)  (40°C-30%)  (50°C-30%)  (50°C-20%)

36
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HP sources potential

Disregarding available area constraints — system performance

SPFsys

Heat

5.0 Solar exchanger

O O collector DHW
4.5

i a o o Qsol.dir Qsol.dhw storage st dhw K
0 u = Qsol.h Qsol.sh = < }thw
3.5 ! >
20 ] u m ] H

' [ | [ | Heat Qst.loss
pump :
2.5 Qhp.dhw
2.0 I
ahp.st S astsh ||

15 > @ e — I Lash
10 _Ehp ) o Qhp.sh Qstloss —— >
05 Edir F i
0.0

50 Resource classif.:

45

20 _ O Groundwater

Eys [kWh/m?]

35
30 | @ Rjver
s . ©
o W Lagk

20
15 A daKe
10 O, B Geothermal
5 .
. W Air

New Retrofit Retrofit Retrofit No-retrofit

high DHW best case intermediate reference
W Air @ Geothermal Ml Lake ERiver O Groundwater O Solar
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Available area constraints, HP & PV systems

Available area — 0.2 m?,_/m?;; = Low-rise Building (4 storeys)

Building
E
pv
PV .
@ Eself i
HP i
system Eeye

———————————————

1- EseIf
(self cons.)

2 = Efna
(compl. to E )

3—-E

inject
(excess E,)

Daily match
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HP & PV systems

System performance — low rise building

¢ 950 kWh/m?
uf
o 40 )
T
30
20 >
Esys 10 :>|
0
ool ||
E 10
pv O
20
30
w40
z
50
New New Retrofit Retrofit Retrofit No retrofit
high DHW bestcase intermediate reference
Air Geothermal Lake River Groundwater Solar
T O O O O O
R, O O O O O O
Enet L 2 2 ® o 2o o

Building Grid
Ev i E Einjec‘t i
PV s
Eself i i i
HP \ 2 i
SyStem Esys i : Efinaf :

Except No ret. & Solar HP
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HP & PV systems

System performance — low rise building

. 50 kWh/m?2
uf
+ 40 e
w30
o RN i
20 o
E 10
final
0
E. . 10 B
inject
= 20
ud
* 30
w40
a
50
New New Retrofit Retrofit Retrofit No retrofit
high DHW bestcase intermediate reference
Air Geothermal Lake River Groundwater Solar
Efinal [ | = ] ] O O
O O O O O O
Eself D I:l
Enet ® <o ® o <o <o

Building Grid
Epv E ETnJect i
PV ; >
Ese[f i i
HP ? !
< \ |
SyStem Esys o Eﬂnal :

Except No ret. & Solar HP

Seasonal mismatch PV
/ heat demand:
Eﬁnal >>0
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Discussion

Final electricity consumption and SPF - low rise building
75% SRE GE MF stock 75% SRE GE MF stock

a

¢ o) o)
50 < 46 > 25 < 4A) >
45
= mAir
40 O 20
= 35 0 o HE Geothermal
2 [ |
NE 30 T 15 M Lake
=2 0 £ m |8 .
= O = & B River
= 20 O 0 & 10 - ' 0
215 u O O Groundwater
L
10 H 5 ‘a i O Solar
5 1B
0 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Qdem[kWh/m?2/year] Qgem [KWh/m?2/year]

Low demand buildings (< 80 kWh/m?)
Choice of resource may not be driven by energy performance
SPF - Alone, not a sufficient indicator of system performance
- Complementary indicators: Electricity consumption a1



Discussion

Electricity injected in grid

low rise building:

75% SRE GE MF stock

< - >
0 < 4% R
45
40 Bl Air
E 35 B Geothermal
2
S~
€ 30 @ Lake
= 25
E D @ River
= 20 D D
3 O Groundwater
= 15 O
Ll
10 E O Solar
> O

o
a

0O 20 40 60 80 100 120 140
Qqem [KWh/m?/year]



Potential effect on regional load curve

low rise building

Wh/m?2/day New GWh/day
500 9.7
400 7.7
= 300 5.8
=
wr 200 3.9
------------------------------------------------------------------------------------------------ 30%
100 T | A - 119
/‘/'\M%‘«\‘ 1, o \'"i‘ﬁ'v. nn
—#—O— / v r\ N L ™, SATLY (VA
100 VTIWAL T RV 1.9
- el Al ‘T"r"“‘.‘fﬁ}?«‘,‘js&:f“““‘ """""""""""""""""""" 30%
% 200 ‘ : 3.9
(]
< 300 5.8
wl
400 7.7
500 9.7
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
B Air B Geothermal B Lake @ River O Groundwater O Solar
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Potential effect on regional load curve

low rise building

Wh/m?2/day No retrofit GWh/day
500 9.7
400
= 300
=
w200
30%
100
0
100
5 30%
£ 200
_GJ
< 300 5.8
wi
400 7.7
500 9.7
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
B Air @ Geothermal B Lake @ River O Groundwater O Solar
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3. Conclusions

Resource classification (system performance)
Groundwater > River > Lake > Geothermal > Air

Solar depends on building demand

HP & PV system
E.. > E,, (yearly balance) Seasonal mismatch of

Eq.. and E, ... have important values PV and heat demand

inject

Generalisation
Buildings < 80 kWh/m?
Choosing resource will depend on other factors than energy performance

SPF = Alone, not a sufficient indicator of system performance
- Complementary indicators: Electricity consumption & Peak loads
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Conclusions/summary
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Pompes a chaleur dans le résidentiel collectif:
Du retour d’expérience a la généralisation par simulation

Analysis of an innovative solar assisted HP system

e excellent system reliability

e electric backup hardly needs to be used

* Absolute electric consumption (24 kWh/m?/yr) reasonable
due to a low thermal demand (68 kWh/m?/yr)

Why SPF system of 2.9, when ~ 5 expected?
Due to decentralized DHW (no solar preheating)
With centralized DHW: SPF 4.4

For the overall system performance, system configuration is as important
as individual components performance

Can SPF, of 5 be achieved ?

Yes, but only in New buildings, with low SH temperature and high collector area
(0.20 - 0.25 m? per m? heated area =@ less than 4 storeys)

Moreover:

- available roof area is not unlimited

- doubling solar collector area for small electricity saving may not be worthwhile



Pompes a chaleur dans le résidentiel collectif:
Du retour d’expérience a la généralisation par simulation

Can Solar HP system be used in Retrofitted and Non Retrofitted MFB buildings?
New and Best Case Retrofitted MFB, yes.
Retrofitted and No-retrofitted, be careful with Electricity and Solar Area

Resource classification (system performance)
Groundwater > River > Lake > Geothermal > Air

Solar depends on building demand

HP & PV system
E,. > E (yearly balance) Seasonal mismatch of

E:, and E. ... have important values PV and heat demand

inject

Generalisation
Buildings < 80 kWh/m?
Choosing resource will depend on other factors than energy performance

SPF = Alone, not a sufficient indicator of system performance
- Complementary indicators: Electricity consumption & Peak loads



Future developments

Monitoring of:

* Air HP systems (mono and bivalent).

* Waste heat HP systems (used domestic hot water).

* Centralized groundwater + industrial waste heat HP system.
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