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Singapore Green plan 2030

*Plant 1 million more trees

‘Quadruple solar energy
deployment by 2025

Reduce the waste sent to
landfill by 30% by 2030

*At least 20% of schools to be
carbon neutral by 2030

*All newly reqistered cars to be
cleaner-energy models from
2030

[1] Green Plan, https://www.greenplan.gov.sg/ AND SUSTAINABILITY
R&D CONCRESS 2023
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Why Building-integrated Photovoltaics (BIPV) ?

Singapore: resource-constrained city-state, has limited renewable energy options [2]; :

(1) Low wind speed in Singapore (about 2m/s < 4.5 m/s)

(2) No tidal power generation due to the narrow tidal range and calm seas.

(3) No hydroelectric power

(4) No geothermal energy sources are available.
(5) Low biomass-based energy generation

(6) Nuclear power

Solar energy is the only renewable energy source

Limited land resources and dense metropolitan regions in Singapore.

J

Building-integrated Photovoltaics (BIPV) systems is a viable solution

[1] Green Plan, https://www.greenplan.gov.sg/

[2] Chen, T., An, Y. and Heng, C.K., 2022. A review of building-integrated photovoltaics in Singapore: Status, barriers,

and prospects. Sustainability, 14(16), p.10160. URBAN SOLUTIONS

[3] Different disciplines, same sustainable goals. https://www.ntu.edu.sgfeNDBUSTAKOABILhETY/ detail/different- = H
disciplines-same-sustainable-goals R&D CONGRESS 2023 en s
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https://www.greenplan.gov.sg/

Southeast Asia

Singapore plan to import Indonesia clean
energy advancing as region develops
rerorsn oo s s - oo papewables ‘faster and bigger than people

Singapore to import up to 4 realise’
GW of_lo_w-carbon - Singapore currently generates 95 per cent of its electricity from natural
el.eCtI'ICIty by 2035 gas, and lack of space limits the building of solar and wind farms

- Asia is rapidly developing a similar energy market to Europe, where
countries routinely import electricity from neighbours

8 Sept 2023

Singapore gives conditional nod for 2GW of
electricity imports from Indonesiacna s sept 2023

Singapore to get IGW of renewable
energy from Cambodia in largest
electricity import to date st 17 mar 2023 T emes



Objective of POW

* develop a holistic, multi-scale and interdisciplinary approach for assessing large scale
deployment of BIPV in urban contexts under different climatic, socio-economic and
architectural / urban conditions.

* use Zurich and Singapore as exemplary and complementary case studies.
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POW Architectures and work packages
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Energy WP

High-resolution PV simulation

Irradiation * Efficiency = too optimistic!

Comparison of Simulation Resolution Impact
on PV Generation Accuracy Connection of mismatched cells in series

—
o
1

] __r'" P s Prinix sary ¥ sgrm.

: — 4oOWWim2, 2370
__,."' — Eirgks Podl pur Burface %

o = TEOWm2, 23°C
. s LY = G Frini ot Ce) |
My k! = = Farkwason G

—— EEOWIE, 2470
— EEOWW'mM2, 2270
—— BOOWm2, 28°C
EOONND, 23°C
SOOI, 2570
1 — SOOWMWmM2, 25°0
| TECWIm2, 28°C

== rgmalched saries

current [A]
oo
|

/
Yield Performance to Ground (kwésqmlyear)

4_._.1 ...................... ’
II \

L

L

1

- i

E 1

]

]

\
Jenuary Feﬁluary' ll.-'ln1rch A;;ﬂl I'.'I!ay ..Iulne- .ll]lg.r Méum Sept-éinberﬂﬂ::»whbvarmhaﬂam Dﬂ T 2r LB i SR é“

voltage [V]
Detailled calculation

High-resolution PV modelling. McCarty et al. (ongoing)
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Energy WP

High resolution PV simulation

High

resolution PV modelling. McCarty et al. (ongoing)
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Energy W
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PV System Architect Optimization
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Fig. 13. The String Layout proposed by the genetic optimization. Modules with
the same color are part of the same string (i.e. electrically connected). The
division results in 5 strings of length 8 and 5 of length 7.

igh-resolution, parametric BIPV and electrical systems modeling and design. Walker et al (2019).
Applied Energy 238: 164-179
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Life Cycle Assessment WP

GWP, life cycle assessment

Electricity high voltage (SGCC): 2.9 l
Electricity medium voltage (SGCC): 2.9 g
Electricity medium voltage (RAS): 2.9

Silicon carbide (GLO): 12.7

Electricity medium voltage (RER): 15.8 Electricity medium voltage (DE): 24.2

Electricity high voltage (DE): 28.6

Electricity medium voltage (Europe without Switzerland): 55.0
Argon liquid (RER): 6.3

Electricity medium voltage (IT): 14.5

Single Si wafer: 100.0

Electricity high voltage (IT): 19.2
Silicon single erystal Czochralski process: 78.2

Silicon solar grade (RoW): 296 @

Electricity high voltage (RAS): 23.5
industrial natural gas (RER): 5.8

Silicen metallurgical grade (GLO): 7.5
Silicon, electronics grade (DE): 4.4

Electricity medium voltage (PL): 16.3

NE T Iledrici('y high voltage (RNA): 3.1 JJJ

Electricity high voltage (PL): 16.3

Silicon, electronics grade (RO!
Wire drawing steel (RER): 0.3
Hard coal (CN): 0.3 —

Lead (RoW) primary zinc production: 0.3 —
Made with SankeyMATIC

Galimshina et al. (ongoing)
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GWP payback years
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Jianxiang Ma. Dynamic Parametric LCA of BIPV
Design,Master Thesis Chair of Sustainable
Construction ETH Zurich

Fig. 1. Structure of glass-backsheet (G-BS) module (a) and glass-glass (G-G) module (b).

Muller, A. et al. A comparative life cycle
assessment of silicon PV modules: Imeﬁft UTURE
odule design, manufacturing location andg¢|ties



Socio-economics WP

Jidong Kang et al. (ongoing)
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Mobility WP .

i

Mobility in Singapore extracted from city-scale mobile phone data
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Microsoft Game DVR

kepler.gl - Google Chrome
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Thank you!
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