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Top 100 Urban Areas account for 18%
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Wei, Ting, Junliang Wu, and Shaoqing Chen. ‘Keeping Track of Greenhouse Gas Emission Reduction Progress and Targets in 167
Cities Worldwide’. Frontiers in Sustainable Cities 3 (2021).

Renewable energy policies for buildings by type
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“By the end of 2021, over 920 municipal
governments had implemented direct
regulatory policies, financial and fiscal
Incentives, and indirect support policies aimed
at decarbonising buildings through
renewable power and/or renewable heating”

REN21. ‘RENEWABLES 2022 GLOBAL STATUS REPORT’. Accessed 20 September 2023
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Definition of Building Integrated Photovoltaics (BIPV)

A BIPV module is a PV module and a

construction product together, designed to
be a component of the building.

A BIPV product is the smallest (electrically
and mechanically) non-divisible photovoltaic
unit in a BIPV system which retains building-
related functionality.

If the BIPV product is dismounted, it would

have to be replaced by an appropriate
construction product.

Source; IEA-PVPS Task 15

Source: https://scherrer.biz
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BIPV in Europe: Cheaper Energy than the Grid

a. BIPV system cost break down
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LCOE vs. Netwok Price factoring in savings by replacing building envelope materials

Gholami, H., & Nils Ruustvik, H. (2021). Levelised Cost of Electricity (LCOE) of Building Integrated Photovoltaics (BIPV) in Europe, Rational Feed-In Tariffs and Subsidies. Energies, 149), Article 9

@ BIPV initial investment cost

@inverter replacement cost

operation and maintenance
cost

Income from saving in
building envelope material
cost

Income from saving in

transmission line lost power

B Income from saving in power
delivery cost

Income from saving in
societal cost of carbon

B Income from power
generation
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FCL G POW Research Questions

WP3
Prof. Alexander Hollberg
CHALMERS
-  How can solar yield be estimated realistically in urban
9
contexts™ Life Cycle

- What are urban and system parameters that influence the WP5

lifecycle carbon footprint of BIPV? Prof. Francis Lee

Prof. Markus Schlaepfer

ENE] NANYANG
¥ & TECHNOLOGICAL
UNIVERSITY

'#Y SINGAPORE

- Where and when to place BIPV in a city, consindering
economics, encvironment and boundary conditions?

Energy POW “
o o o Désign CONNECTIONS Mobility
* How can the utilization of solar electricity be maximized
by sector coupling with electric vehicles as movable WP1
energy storage Prof. Arno”Sc'theter
_ _ | ETH:zurich
-  What are localized BIPV solutions systems that fit to the
context and balance embodied vs. operational GHG 2% .
] ] ocioeconomics
emissions?
- What are next generation toolsets to integrate BIPV in o
urban design and decission-making? Prof. Yuming Fu

Prof. Tien Foo Sing

% National University
of Singapore
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Case studies: Zurich and Singapore

‘..climate neutral by 2040’

Approx. 45% of Swiss
electricity demand could be
generated on buildings

Source: Meteotest, 2017
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‘..quadruple solar energy
deployment’

‘Accelerated scenario would
lead to 22% and 43% solar
contribution to electric
power demand °

Source: SERIS Solar PV Roadmap 2020
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GREEN PLAN

City in Nature

Green, Liveable and
i Home for Si

The Singapore Green Plan 2030 is a national

sustainability movement which seeks to rally

bold and collective action to tackle climate change.

Sustainable Living

Strengthen Green Efforts in Schools

@ Introduce an Eco

Energy Reset

Cleaner-energy Vehicles
@ New diesel car and taxi registrations
to cease from 2025, with all new car
and taxi registrations to be of
I

@ Plant1 million more trees, and have F to enhance
every within a 10-minut in all schools
walk from a park by 2030 @ Work towards two-thirds reduction of
@ Develop over 130 ha of new parks, net carbon emissions from schools
and enhance around 170 ha of sector by 2030

existing parks with more lush
vegetation and natural landscapes by
end-2026

@ Add 1000ha of green spaces by 2035

Public sector will lead on

sustainability

@ Be exemplary in taking sustainability
action, including to peak public
sector carbon emissions around
2025, ahead of national target

@ Encourage and enable citizens and
businesses to adopt sustainability
practices, such as through green
procurement

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

Green Commutes

@ 75% of trips during peak periods to be
on mass public transport by 2030

@ Triple cycling path network to 1,320km
by 2030, from 460km in 2020

@ Expand rail network to 360km by early
2030s, from around 230km today

Green Citizenry:

gy models from 2030

@ Further revise road tax structure to
bring down road tax for mass-market
electric cars

@ Target 60,000 electric vehicle (EV)
charging points by 2030, with 8
EV-Ready Towns by 2025

Greener Infrastructure & Buildings

@ Green 80% of Singapore's buildings
(by Gross Floor Area) by 2030

@ 80% of new buildings (by Gross Floor
Area) to be Super Low Energy
buildings from 2030

@ Best-in-class green buildings to see

Reduce waste and
@ Reduce amount of waste to landfill per
capita per day by 20% by 2026, and

30% by 2030
@ Reduce household water consumption
t0 130 litres per capita per day

It is a living plan which will evolve as we work with Singaporeans

and partners from all sectors to co-create solutions for sustainability.

Let's work together to make Singapore a green and liveable home.

Sustainability as New Engine

of Jobs and Growth

@ New Enterprise Sustainability
Programme to help local enterprises
adopt sustainability practices

@ Develop Singapore to be a carbon
services hub, and a leading centre for
green finance in Asia and globally

@ Develop Jurong Island to be a
sustainable energy and chemicals
park

@ Leverage opportunities in

Resilient Future

Safeguarding our Coastlines

against Rising Sea Levels

@ S$5b dedicated to coastal and
drainage flood protection measures

@ Formulation of coastal protection
plans for City-East Coast, North-West
Coast (Lim Chu Kang and Sungei
Kadut) and Jurong Island by 2030

Safeguarding Food Security

@ Produce 30% of our nutritional needs
locally and sustainably by 2030,

industries to create good jobs for
Singaporeans

New Investments to be

Carbon and Energy Efficient

@ Seek new investments to be among
the best-in-class in energy/carbon

80% imp! in energy efficiency
(over 2005 levels) by 2030
Sustainable Towns & Districts
@ Reduce energy consumption in HDB
towns by 15% by 2030
Green Energy
@ Quadruple solar energy deployment to
15 gigawatt-peak by 2025
@ Tap on cleaner electricity imports, and
increase R&D on renewable energy
and emerging low-carbon
technologies

Yy

Jointly led by:

Ministry of Education
Shawone.

SINGAPORE

MTI MINISTRY OF TRADE
AND INDUSTRY.
—

through d ping land and sea
space and skilled workers, funding
support, and promoting R&D
Keeping Singapore Cool
@ Moderate the rise in urban heat, such
as with cool paint and by increasing
greenery

Minstry of Sustainaoity
and the Envirorment.

MINISTRY OF
TRANSPORT

(Lo

<
s
v,
~ \
e 4

www.GreenPlan.gov.sg
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Key Results
Powering the City through Renewable Energy
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Urban PV: Optimal Deployment over Space and Time
WP1: Justin McCarty, Christoph Waibel, Arno Schlueter
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Key takeways:

» Fast uptake even on non-optimally
irradiated surfaces for ecologically
optimal solution

+ Learning curve for cost-optimal,
slower uptake but higher total
share in 2050

Figure 5: The deployment timeline
for the carbon optimal and cost opti-
mal solutions, subset by surface direc-
tion/type.
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Key takeways:

SOIar POtentlaI at HDB In SlngapOre « Older HDB typologies have higher roof solar

have obstructions limiting roof space.

 BIPV on facades can cover household
energy needs, though morning and evening
peaks require storage solutions.

« Contemporary buildings are well-suited for
BIPV due to their high facade ratio, could be

built BIPV-ready, but safety concerns and
policy adjustments need to be addressed.

(a) T1: 1970s

(b) T2: 1980s (c) T3: 1990s
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Gester, M., Waibel, C., Grammatas, A., Sing, T. F., & Schlueter, A. (2023). Upscaling potential of BIPV for public housing
typologies in Singapore. Journal of Physics: Conférence Series, 260(4), 042008.
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Industry Partners

33 B

Solutions

BIPV Retrofit: Lightweight Composite PV Modules
WP1: Max Gester, Christoph Waibel, Ayca Duran, Justin McCarty

Glass 4mm 20cm x 34cm V1: «open» V2: «closed»

/ EVA frame

Monocrystalline cell with back
contacts 125mm x 125mm

holding frame (e.g. paper)

T EVAframe

/ . unfolded
\EI Bl isolati ) N
N ectrically isolating J/ .
i sheet (or coating) / \\\\\
a7 -
Additional bus bars Q) /4 NN\
P % > 66.4 OC : 060
I —
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Life Cycle: Solar Energy from a Carbon Perspective
WP3: Alina Galimshina, Justin McCarty, Alex Hollberg

Key takeaways:

« PV global warming potential (GWP) varies
significantly based on component selection,
highlighting the importance of careful design l

« PV cell type has largest impact on cell type; crystalline
solar cells feature higher GWP as compared to thin-

film

Mounting system

Frame
« Aluminium

Inverter + Frameless

Junction box

Front cover

- Glass
Back cover « PC

. PET
Encapsulant

Encapsulant

. - EVA
Cell .

+ PUR
« Epoxy

Encapsulant

Solar cell
+ Mono-Si

Front cover

Frame

Back cover
- PVF
+ Glass
- PET

Mounting
system .
« Aluminium - Global

Inverter:
« String with

Junction box

+ Polyamide
Cables

« Copper

Electricity
for assembly

Fig. 6. Components’ process selection based on an example of Mono-Si panel.

different capacity

Location
« Europe
+ ROW
+ Global

Location
- Europe
« ROW
+ Global

Location
- Europe
- ROW
- Global

Location
+ Europe
+ ROW
+ Global

Location
+ Europe
+ ROW
» Global
- US
- CA-QC

Location
Europe

Location
« Europe
+ Global
+ ROW

Location
- CN
+ Europe
« APAC
+ North America
- India
+ ROW

Embodied GWP of different European-produced panel system types and components’ contribution

Cumulative impact
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Generative Modeling (GAN) for Solar Energy Production
WP1: Ayca Duran, Christoph Waibel, Arno Schlueter

facade area available — Annual Solar Irradiation
+ facade area ,
azimuth angle 180000 _Allmy
- 160000 30m> R
o B | 140000 =
e i 120000 _
il | | 100000 171 m |
= ' 80000 B3m™ 7T
; i 60000
17.7% o ] 40000 L
’ = = = 20000 A&l s
data acquisition facade color content solar potential 0 I I
and preprocessing segmentation analysis analysis 4 (227)
mput
1mage
Key takeaways:
segmented
« Building facades are diverse in design, with varying HaeS
arrangements of windows, balconies, and other
elements. uSF 50% = SF Segmented SF GT wCS 50% w=mCS Segmented CS GT

261 m”

.50

Q\| I

6 (56°)

GSA 50% GSA Segmented

—— SF FacadeArea — — = 3D-Stadtmodell FacadeArea

« BIPV potential should be calculated by considering
the variability of available areas on facades.

* |Image-based techniques allow for fast identication of
useable area and realistic calculation of solar yield

Duran, A., Waibel, C., & Schlueter, A. (2023). Estimating surface utilization factors for BIPV applications using
pix2pix on street captured facade images. Journal of Physics Conference Series, 2600(4), 042005
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Conclusions

- Urban Solar has significant potential to contribute to
decarbonization of cities through local renewable energy production

» Economic and ecological benefits are dependent on local context,
with solar yield, seasonality and grid context as the most
dominant factors

- Urban form and typology dominate energy demand, local
generation and utilization capacity

» From an architectural perspective, energy generating envelopes are
highly flexible and ‘designable’

» Short term storage such as EV provide opportunities for better

utilization of solar electricity, however highly dependent on
mobility behaviour

- BIPV ‘heats (day) and cools (night)™ the city, however impact on

occupant comfort likely low; other parameters (e.g. surfaces) more
influential

Duran, A., Waibel, C., & Schlueter, A. (2023). A parametric approach to evaluate the impact of BIPV fazades on outdoor thermal comfort in different urban
contexts. Proceedings of Building Simulation 2023: 18th Conference of IBPSA, 18, 1177—1184.

Anand, P., Garshasbi, S., Khatun, R., Khorat, S., Hamdi, R., Niyogi, D., & Santamouris, M. (2024). Rooftop photovoltaic solar panels warm up and cool down
cities. Nature Cities, 1—11
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KPI’s

Reports and Scientific Publications Exhibitions, Symposia, Roundtables and Stakeholder Exchange

Caviezel, D., Waibel, C., Schlapfer, M., & Schlueter, A. (2023). Vehicle-To-Grid Coupled Photovoltaic
Optimization for Singapore at a District Resolution. 36th International Conference on Efficiency, Cost,
Optimization, Simulation and Environmental Impact of Energy Systems (ECOS 2023), 3327-3338.
https://doi.org/10.52202/069564-0299

Duran, A., Waibel, C., & Schlueter, A. (2023, September). A parametric approach to evaluate the impact of BIPV
facades on outdoor thermal comfort in different urban contexts. Proceedings of the 18th IBPSA Conference.
18th International IBPSA Conference and Exhibition Building Simulation (BS 2023). https://doi.org/10.3929/ethz-
b-000633070

Duran, A., Waibel, C., & Schlueter, A. (forthcoming). An image-based approach for estimating solar potential of
building facades. CISBAT 2023, Lausanne.

Galimshina, A., Hollberg, A., McCarty, J., Waibel, C., & Schlueter, A. (2023). High-resolution and localized
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