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Fragen und Herausforderungen




Umstellung auf HP <> Gebaude-Sanierung

Wege zur CO,-Reduzierung im Gebdudebestand

40 Building
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Romano et al, 2020: https://archive-ouverte.unige.ch/unige:136512
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Integration in bestehenden MF Gebaude

Herausforderungen (bestehende MF Gebaude):

Geringerer Platz fur die Warmespeicherung

Gewicht der Warmepumpe /
Dachkonstruktion

Larm (Luft-Warmepumpe)Integration in das
bestehende Hydraulik-/Verteilungssystem

Kinftige Reduzierung des Warmebedarfs
(Sanierung)

Dilemma zwischen Eigentiimer und Mieter

Knowledge / information gap:

Mangel an standardisierten Schemas

Mangel an robusten Kontrollstrategien
(insbesondere fir bivalente Systeme)

Mangel an Fallstudien, Informationsblattern
und Schulungsprogrammen

WP-Verkaufe in der Schweiz (2021) nach Leistung (kW)
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CO2-Emissionen von Strom

Stindlicher Schweizer Strommix (inkl. Importe)

Monthly evolution of imports and domestic generation

CO2 emissions

Energy mixes
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P&D — Luft/Wasser WP systeme fiir bestehende MF Gebaude
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=» CO2 savings: 92% (monovalent), 68% (bivalent)

=>» Challenge: optimization of hydronic setup and control

Montero et al. (2022). https://archive-ouverte.unige.ch/unige:162052
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WP Integration und Dimensionierung




WP - Integration

Hydronische Konfigurationen (monovalent oder bivalent)

Dual HP System

Parallel

Single HP System

Alternative
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Possible hybrid configurations:

A) Parallel with modulating boiler

B) Parallel with non-modulating boiler

C) Alternative with non-modulating boiler

Montero et al. (upcoming publication)

Parallel

Bivalente Systeme

Parallel

—— SH demand
[ Heat supplied ASHP

0 1 | 1 1 1
50 100 150 200 250

days

Alternative

—— SH demand
1 Heat supplied ASHP

50 100 150 200 250
days



WP - Dimensionierung

HP-Dimensionierung und Leistungen

a) HP Coverage
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Montero et al. (upcoming publication)

Bivalente Systeme:

Hohe Leistung schon bei 50% WP-Nennleistung
Nivellierte Warmekosten: 23 -26 CHF/m2.Jahr



Flexible Strategien fur
Substitution der Warmeerzeugung + Sanierung der Gebaudehille
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Sanierung der Gebaudehulle

Factsheets — Sanierung MF Gebaude

* Teilweise/vollstandige Sanierung
* Energieleistung und CO2-Einsparungen

* Kosten

* Architektonische Beschrankungen
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Sources:

e-REN: Rénovation énergétique - Approche globale pour I'enveloppe du batiment
https://www.smartlivinglab.ch/fr/projects/eren-energie-et-renovation

"f"'-"‘ Solutions Rénovation: Fiches typologiques des batiments - propositions de solutions pour une rénovation énergétique
' https://www.ge.ch/node/26003
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Substitution der Warmeerzeugung + Sanierung der Gebaudehdille

Nivellierte Warmekosten
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El Hage et al. (upcoming publication)
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Substitution der Warmeerzeugung + Sanierung der Gebaudehdille

Kosten vs CO, (5 MF Typologien)
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=>» Teilsanierung + bivalentes
WP-System
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Weitere Entwicklungen
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Weitere Entwicklungen

Skalierbarer PCM-Speicher fir Sanierungen

7

PCM =>» hohe Energiedichte (im Bereich des
Phasenwechsels: 5-6 im Vergleich zu Wasser)
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Weitere Entwicklungen

Factsheets / WPs fir bestehenden MFBs:

Beschreibung Gebaude / Situation
Gebaudesanierungsstrategie
HP-Systemvarianten
Wirtschaftlichkeitsanalyse

Factsheet 1 — High-rise building from
the 1960s in the Canton Geneva

CHARACTERISTICS

The building, located in the municipality of Lancy
high-rise construction of the 1960s. It is charac]
and mixed use {offices on the first two fioors a
eight floors). The building, 41 m high, has 105 4
public library and childcare facilities are locatd
curtain ialls (windowss and parapets) in metal
second floor have been slready replaced in rece)
fagade of the fibrary.
The actual heating system, installed in the basen
of two condensing gas bailers 2 x 609 kW) wrhi
heating and domestic hot water. Both boilers|

From the storage tank, the heat is distributed tq

three main distributors. The system is equippe
for domestic hot water (each with a volume of
heating is delivered to the heated rooms tH
installed under the windows.

U before renovation: 0.72 W/mAK
U sfter resiowation: 0.14 WK

Vagar b

U before renovation: 0.98 W/mAK
1 fter rencouation: 0.14 WK

il minard wool  wood iruenie (160 mem
Fomach {2 mmi

sl eninwrsd wool (50 mas)

U biefore renovation: 2.10 W/
U after cenowation: 0.18 W/nK.

U before renevation: 2.10 W/neK
U sfter renavation: 0.18 W/m?K
kit

U, sher renovation: 1.0 W/mK
4 sher renovation: 2.0 W/nK

@ "‘\

BUILDING ENVELOPE — Refurbishment strategy

In the past years, only the first two floors have been renovated with the
replacement of the curtain wall cladding. In order to reduce the energy demand of
the building, the roof, the window parapets and walls of the levels 3 to 8 and the

HEATING CONCEPT — Definition of heating variants

Ta reduce the direct CO,-emissions of the existing heating system for space heating (SH) and domestic hot water [DHW)
preparation, three variants have been investigated
. 1- SH and DHW are rovered with ten senarate heat numn: heat sourss

Air + Ground to Water Heat Pump (A+GSH

an air cooler is installed in series with the
ground probes;

Air to Water Heat Pump (ASHP): SH and DH
* Ground to Water Heat Pump (GSHP): SH =
The twa heating variznts "A+GEHP" and "GEH
refurbished according to the refurbishment
envelope is refurbished. In all the variants th

» Financial subsidies not considered;

» The costs for replacement of eisting rediztors
are not included:

» Only eleciricity consumption of the heating
system is included in the electricity costs;

> Constant electricity price of 25 Rp. kiwh:
d th l ter t ture has bs
:" He‘;u“p yater :mpera ure nas E"OEC > Maintenance of 1%/s of investment costs;
or all the variants a heat pump that use 00 5 il od o cecotonre
aspects (low toxicity, natural refrigerant, GWH
must be low encugh (equal or lower than 35°
Investment costs

Since district heating is not planned in the n
about the different hesting variants zre descri

Building envelop|
Space heating /D

:

(kwnrma)®

EElectriony =9

Building envalope non-refurtishad (only heating
system]

» A+GEHP: 2.8 MCHF (173 GHF/mY]

> GSHP: 3.7 MCHF (257 CHF/m’)

Building anusiops refurbizhed {hezting system plus
huilding emvelope)

¥ A+GEHP: 12 5 MCHF (524 CHR/m’)

¥ ASHP: 12.2 MCHF (580 CHE/TF)

> ESHP: 13.1 MICHF |45 CHE/m?)

Heating variant AIGSHP Blectricity costs |per year)
Building envelope non-refurkished
> A+GSHP: B2 KCHF (5.9 CHF/MY)
COP HP fir DHW (ot B0/W3S) 33 > GSHP: 83 KCHF (5.4 GHF/M']
Building envelope refurtished
£OP HP far SH (at BO/W3S) a5 > A+GEHP- 55 KCHF (41 CHF/m’)
¥ ASHP: 65 KCHF [47 CHE/mY)
) s - ¥ @SHP: 62 KCHF (4.4 CHF/m’)
Capatity of WP for DHW' 0wl
— Radar chart for comparison of the variants {Case:
Capacity of HF far 5H* 181 Wi envelope refurbished)
The "ASHP" variant is the variant with the lowest
P initial investment costs (830 CHF/m?) and the
Ground probes pipurat-y highest energy costs (8.7 CHF/m. Since driling
for ground probes i not needed, the variznt
X S0k "ASHP" has the lowest stz impact on tenznts
LI {35 W) compared to the other two variants.
Elextricity demard AoGSHE —ASHP —GSHE
2

Irvestment costs

0

7 Sie impact on S
o tenants gl
En V

=

.

AGSHP

Buikling envelape non-refurbished [

Space requirements.

RECOMMENDATION

ECONOMIC ANALYSIS

In order to compare all snalyzed variants, an economic snalysis over 50
years was performed. The first diagram below shows the tatal investment
cests for esch variant, while the second diagram shows the total costs (over
50 years) for investment, energy and maintenance.

Az expectad, i the building envelope is not refurbished, the investment
costs for the heating system are higher because of the bigger heat pumps
and mare ground probes. In case of the refurbished building envelope, in-
wvestment costs for the building envelope renavation represant approx. 85 -
90 9% of the totsl investment costs_ It is important to highlight that here, the
investment costs for the building envelope refurbishment are based on
rough assumptions and are subject to large uncertzinties.

Ouer 50 years the variant "A+GSHP" (in caze of non-refurbished building
envelope) and the variant "ASHP" {in case of refurbished building envelope)
have the lowest total costs with 7.7 MCHF and 16.1 MCHF, respectively.

s [
ASHP -
wasre [
rrrie
rrr
rrr
rrriEG |
0

Investment costs | [MEHF]
W Heating system = Budlding onvelope®

Winvestment Energy @ Maintenance
11

1% losi [ hat
] 28 13

Costs (MCHF [ SDyears)

AGSHP GSHP AVESHP AskP GSHP

Building envelope non. Building envelope refurbished

refurbished

The diagrams above show that the “A=GSHP" variznt represents the most suractive finandizl option in case the building
envelope is not refurbished. Canversely, if the building envelops is refurbished, the "ASHP" variant bacomes ecanomically the

best option (-7% compared to "GSHP" variant).

As shown in the radar chart above, the variant "ASHP" has the lowast investment costs and site impact on tenants compared
1o the other two variants. Even if the total costs are higher, the refurbishment of the building envelope will decrease the
hesting demand of the building and, as direct consequence, the energy costs of the heating system. As additional sdvantages,
the refurbishment of the building envelope will increase the thermal comfort of the inhabitants and will decrease the
electricity demand of the hest pump during the winter-time. For these rezsons, the refurbishment of the building envelope
2nd the replacement of the actual heating system through the variant "ASHP" are recommended.

* Costs for PV panels are nat included
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