This is not an ADB material. The views expressed in this document are the views of the author/s and/or their organizations and do not necessarily reflect the views or
policies of the Asian Development Bank, or its Board of Governors, or the governments they represent. ADB does not guarantee the accuracy and/or completeness of

the material’s contents, and accepts no responsibility for any direct or indirect consequence of their use or reliance, whether wholly or partially. Please feel free to
contact the authors directly should you have queries.

TINUS | ../
SERIS ~w
National University e

of Singapore Solar Energy Research
Institute of Singapore

T S

Agrivoltaics in Singapore and Beyond: Unlocking Potential in ASEAN
Dr Serena LIN Fen, Head of Solar System Technology
Solar Energy Research Institute of Singapore (SERIS), National University of Singapore (NUS)

NATIONAT RESEARCH FOUNDATION / : SERIS is a research institute at the National University of Singapore (NUS). SERIS is supported by
e e /ﬁl’z‘ﬁﬁg}_’ ° NUS, the National Research Foundation Singapore (NRF), the Energy Market Authority of Singapore 1
AUTHORITY SINGAPORE (EMA) and the Singapore Economic Development Board (EDB).

Our Clean Energy Future



y
SERIS‘"

Sclar Energy Research
Institute of Singapore

TINUS
%

National University
of Singapore

SERIS

Solar Energy Research Institute of Singapore
O National Lab founded at NUS in 2008; a global leader in solar research & development

SERIS is supported by NUS, NRF, EMA & EDB
Focuses on applied solar energy research (solar cells, PV modules, PV systems)

> 110 staff, adjuncts & PhD students; state-of-the-art labs, ISO certified (9001, 17025)
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Close collaborations with companies & government agencies
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Malin R&D areas of SERIS

Solar cells:
O Perovskite/silicon
tandem solar cells

0 Next-generation
industrial solar cells

1 Characterisation &
simulation

PV modules:

o000

[ Wy

Module testing (indoor & outdoor)
Module development

Building integrated PV (BIPV)
Characterisation of optical
properties

Module reliability

Recycling

PV for vehicles
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Solar PV systems:

System technologies, incl. Floating solar
Innovative deployment concepts

Urban Solar, incl. agrivoltaics

PV grid integration

Solar potential & energy meteorology
(solar forecasting)

Smart Operation & Maintenance (O&M)
Quality assurance of PV systems
Solarisation of Singapore
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Agrivoltaics in Singapore: background

O Singapore’s “30 by 30" initiative aims to sustainably self-produce 30% of nutritional needs
by 2030.

1 Singapore also aims to deploy at least 2 GW,, of solar PV systems by 2030.

O Singapore is the world second densely populated country. It is wise to use the same
space for multiple purposes.

O Traditional meshes and walls used in outdoor farms can be replaced by PV panels for
shading purposes, while solar power can be generated on the farms.

A typical outdoor farm at current Lim Chu Kang An artist’s impression of the “big box” approach for future Lim Chu Kang
Credit: SFA Credit: MKPL Architects

Source: SERIS
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Urban Agrivoltaics
SERIS operates 2 test areas for R&D on Agrivoltaics in Yuhua Agri-tech - Solar (YAS) Living Lab
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Comparison of different growing configurations %

Hydroponics
Horizontally layered towers
(natural sunlight + LEDS)

Aguaponics
Vertical towers
(natural sunlight only)

Biomass (Qg)
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O Significant biomass difference with additional LED lighting
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15 samples each group

B Horizontal Towers

(natural sunlight + LEDS)

Tower 1 : Tower 2 : Tower 3 :Tower 4

45% <70% 1 70% 1 70%

Vertical Towers
(natural sunlight)

Row1l |

Row?2 |

West' East 1West : East |

AR AR AR

L1 L2 L3 L1 L2 L3 L1 L2 L3 L1 L2 L3 W-1W-2E-1E-2W-1W-2E-1E-2

U Research question: How to provide light compensation in more energy efficient manners?

Source: SERIS
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10-cell 12-cell 10-cell 12-cell 10-cell 12-cell 10-cell 12-cell

U 10-cell module - ~ 50% shading, 12-cell module - ~ 60% shading
0 ~ 10% difference in shading results in 12% — 15% difference in biomass for lettuce

U Research question: What are the best design of PV systems with right amount of shading
that balance the energy and food production for various local crops?
Source: SERIS
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J More LEDs consume 4500

too much energy 4000 $6,000
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O Vertical towers affected 3500 /l/se(\ : s\370  $5,000
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PRELIMINARY scenario analysis for SG e | 2
Electricity ($/mth) m Water ($/mth) = Farm worker ($/mth) = Raw materials ($/mth)
— $1.20 i i
Assumptions: £ “ro0 Soiled based : Hydroponics : Hydroponics Closer to
O 1000 m2 farm area Eg ' I (Vertical) | (Horizontal) Indoor
. $0. .
O Leafy green vegies g % : : farming
O 50% PV coverage g $0.60 I |
O Soil-based as g $0.40 l l
reference (only little % 5020 : :
farmland in SG) S oo _— 1 = _— 1 i —
. Soil Based Soil Based + PV | Vertical Towers Vertical Towers+P{ 1-Layer Horizontal 1-Layer 2-Layer 3-Layer
I | Horizontal+PV HorézuopnptallEBVw HorizoEEaEI:PVw
Results: 8000 I I $13,000
Q Highest yield and 7500 : : $11,630 $12000
highest profits for 2- 7000 I | 3 s11000 E
layer horizontal 6500 | : $10,000 §
hydroponics with PV to 6000 a7t | $9000
d
power LEDs for 2" 5500 | 63,000 g?z
growing bed 5000 Y
S
g
8
3

Production Capacity (kg/mth)

L 2
4

2500 2953 2953 | 2880 2813 2813 $3,000

Source: SERIS 2000 $2,000
Soil Based Soil Based + PV Vertical Towers Vertical Towers+PV 1-Layer Horizontal 1-Layer 2-Layer 3-Layer
Horizontal+PV Horizontal+PV w  Horizontal+PV w
Supp LED LED
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Rooftop of Yuhua

carpark now a
living lab for p

10 projects selected for test-bedding link
renewable energy and urban farming

Shabana Begum

Solar panels on rooftops are a
common scene across Singapore,
but the ones at a multi-storey car-
park in Jurong East have a differ-
ent story to tell.

Underneath the blanket of solar
panels on the rooftop of Block 354
Jurong East Avenue 1 are leafy
greens, muskmelons and even
fish and prawns.

It is among the first rooftop pro-
jects in Singapore that link renew-
able energy and urban farming.

The Yuhua Agritech Solar (YAS)
Living Lab is a nearly $400,000
site for research institutes, com-
panies and heartlanders to run
three-year projects.

When residents were consulted
on the uses of the rooftop space in
2021, they said they did not want
it to be just another community
garden, said Professor Ang Hak
Seng, chairman of the Yuhua
C ity Club M

Committee.

“They wanted to see solutions
that can improve yield and better
utilise scarce resources by lev-
eraging the latest technology. Af-
ter consulting Minister Grace Fu,
we thought, ‘Why don't we launch
a Yuhua Agritech lab?™

Ms Fu, who is Minister for Sus-

inability and the Envi
is the MP for Yuhua.

Later that year, the Yuhua Citi-
zens' Consultative Committee
(CCC) called for project proposals
in energy production and food se-
curity that also use sensors and
the Internet of Things, and reduce

waste. Ten projects were eventu-
ally selected for test-bedding, and
the YAS Living Lab was | hed

rojects

midity will be changed, and find
ways to optimise farming.

The $390,000 living lab was co-
funded by the SG Eco Fund and
Yuhua CCC.

The National University of Sin-
gapore’s Solar Energy Research

i of Si (Seris) runs

on Nov 4.

One group, Project Shine, aims
to revive under-utilised urban
spaces to grow premium urban
crops such as muskmelons in a
closed-loop system that runs on
solar energy.

At the living lab, the team is cur-
rently growing muskmelon - a
fruit similar to rockmelon - and
rearing giant freshwater prawns
with the help of black soldier flies
in managing waste.

The flies feed on food waste and
used coffee grounds collected
from Yuhua residents and nearby
coffee shops, eventually turning
the waste into frass or excrement,
which will be used as fertiliser for
the muskmelons. Black soldier fly
larvae are also used to feed the
prawns, forming a self-sustaining
set-up.

Project Shine is run by Otolith
Enrichment - an education com-
pany for aquaculture, agriculture
and environmental science - and
its partners.

While Otolith is an expert in
rearing commonly farmed crops
and fish here, it is using the test
bed to work on difficult-to-grow
produce, said founder and manag-
ing director Jonathan Poh.

At YAS Living Lab’s launch, Ms
Fu said the authorities have re-
ceived proposals to install solar
panels over urban farms here. She
added that the living lab will allow
projects to study the impact of so-
lar panels over crops, since the
amount of sunlight, water and hu-

two projects on the rooftop, with
agritech partners.

The solar panels invented by
them can rotate like a window
flap to track the sun during the
day and maximise the amount of
sunshine they can capture.

Lettuce, bok choy and chye sim
are grown in a tiered shelf system
in one set-up, and on vertical tow-
ers in the other.

A tilapia tank is connected to
the vegetable towers to form an
aquaponic system.

Having a solar roof makes sense
because outdoor farms or green-
houses here need a netting or a
cover to protect leafy crops
against the strong midday sun,
said Seris deputy chief executive
Thomas Reindl. “So we might as
well take away the netting and use
solar panels instead. The plants
will not get too much sunlight,
which they don't like, and at the
same time, we generate renewa-
ble energy,” he said.

In 2024, the team is looking to
enclose the stacked shelf system
in a mini-greenhouse, made of
special windows that double as
solar panels.

Seris has also fitted both its pro-
jects with sensors to develop a
self-learning algorithm that will
eventually enable the agri-solar
test beds to be fully automated.

The aim is to replicate such
farms on more carpark and indus-
trial rooftops, said Dr Reindl.

nshab@sph.com.sg
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Creating impact from SERIS’ testbed

SERIS is prominently featured during IPOS’ World IP Day 2024

@ > News > Events > World IP Day 2024: IP and the SDGs

About IP Manage IP eServices

Ministry of Sustainability

World Intellectual Property Day 2024 - April 26 and the Environment,

IP and the Sustainable Development Goals (SDGs
Building our common B
future with innovation g

and creativity /
- Py )
o /ol N

-r A AN

Singapore

'( + Follow )l

View full page

With comment by Minister MSE,
Ms Grace FU:

Grace Fu - Following Tw eee

Minister for Sustainability and the Environment and Minister-in-charge of ...

Yuhua appreciates the support given to host a living lab for co-locating
solar panels with agriculture. With the experience gained from the
project we can colocate solar and agriculture deployments.

Source: SERIS

NUS SERIQ o~

National University h
of Singapore

Sclar Energy Research
Institute of Singapore

+ Follow

= Ministry of Sustainability and the Environment, ...

- ®
This year, World IP Day recognises how innovation and intellectual property play

vital roles in achieving Sustainable Development Goals (SDGs).

In Singapore, the Yuhua Agritech Solar (YAS) Living Lab houses urban farming
projects, including one between NUS' Selar Energy Research Institute of Singapore
(SERIS) and V+Agritech. This test bed processes the waste from farmed fish into
nutrients for growing vegetables, all powered by solar energy. Check out the
images to see how it works!

Let's take a moment to appreciate these innovations aimed at boosting our food
security!

Let's appreciate the innovations that bring us one
step closer to achieving a more sustainable future!

AW\

P

#*WorldIPDay
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Existing and Announced Agrivoltaics in ASEAN %™
Existing and Announced Agrivoltaics Projects in ASEAN
Capacity (MWp)
I Cambodia, Indonesia, Laos
_ 14 and Myanmar mainly deploy
e solar-powered irrigation
209 systems (PV systems not
vertically integrated with

crops)

; Malaysia

Perwered by Bing
B Gaabame, Mic oo, TomTom

11
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Examples of existing Agrivoltaics systems

|

4 ' ,\ ‘
Agrivoltaic artichoke farm, Vietnam?3
References: 1) https://www.linkedin.com/posts/sungyoon123_our-first-ai-driven-dynamic-agrivoltaic-plant-activity-7250034142032109568--kxy?utm_source=share&utm_medium=member_desktop;

2) https://www.bcpggroup.com/en/our-green-businesses/power-business/solar-power; 3) https://www.linkedin.com/posts/sungyoon123_dalatuniversity-sustainableenergy-dalat-activity- 12
7170403581769056256-NrJU?utm_source=share&utm_medium=member_desktop



y
SERIS‘"

Sclar Energy Research
Institute of Singapore

National University
of Singapore

TINUS
%

Agroforestry

O Agroforestry: a common type of multifunctional agriculture, characterised by the
Integration of trees (and other woody permanent or perennial plants) in croplands.

O Agrivoltaics and agroforestry may compete for
suitable croplands as solar panels and trees both
provide shading for the vegetation below.

4 Environmentally-friendly agroforestry practices
can contribute to climate change mitigation and
local diversity conservation, reduce soil erosion
and protect water bodies.

O Itis sensible to promote future expansion of
agroforestry in environmentally sensitive
areas, such as forests, wetlands, water bodies,

The Agroforestry do not use pesticides and chemicals. The soil becomes rich at every new

other wildlife habitats, and the surrounding buffer cat B e o o B i 1 e P i
water cycle strengthens and the system start to be sufficient producing their own water

Z O n e S instead of just consuming it. These factors change the microclimate there is an increase
" of the relative humidity, the biodiversity increase and soil nutrients are preserve.

Image courtesy of MindtheGRAPH
Reference: Resources, Conservation & Recycling 209 (2024) 107808
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Potential of Agrivoltaics in ASEAN (1)

0 Southeast Asia is the world’s primary home of agroforests, containing 29 % of all global
agricultural land with tree cover of at least 30 %.

U The potential of agrivoltaics was analysed while considering the simultaneous goal of
expanding agroforestry in environmentally sensitive areas.

L Assumption: NO agrivoltaics to be deployed at croplands in environmentally sensitive
areas

- —_— /" Located on a

— slope of higher )
Located within 2 than 15°? /
_located within | @ ARt P
-”-C." o 100m of a —— D
.~ Cropland located . . | o=
" within1kmofa X ek .v;lletlgnd :)r /
{ protected area, key '}__ = W a': dw: o 7
\ biodiversity area, or . e o £
3 Ramsar wetland §

site?

Flow chart for calculating geographic potential of agrivoltaics while excluding environmentally sensitive areas

Reference: Resources, Conservation & Recycling 209 (2024) 107808

14



Potential of Agrivoltaics in ASEAN (lI)

Geographic potential of agrivoltaics in 10 ASEAN member countries

A
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Country Initial extent of After excluding
herbacious cropland environmentally
(km?) sensitive areas

(km?)

Brunei 3 0.36

Cambodia 59,699 38,157

Indonesia 87,674 69,326

Laos 13,602 7582

Malaysia 3075 2253

Myanmar 117,392 86,101

Philippines 36,679 17,879

Singapore 5 2

Thailand 173,777 111,077

Vietnam 50,093 35,463

Total 541,998 369,841

Reference: Resources, Conservation & Recycling 209 (2024) 107808

. Myanmar

Laos
Thalland
. “Cambodia -
2 _yietnam
Singapore -
A
0 500 1,000
Km

Brunei

Malaysia+

Indonesia

[:I Original cropland extent
ASEAN boundary

Philippines

Cropland extent after excluding ESA's
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Agrivoltaics vs ASEAN 2050 generation targets

d Only 10% of the geographic potential of

d

agrivoltaics in the ASEAN region could
supply >100% of the targeted total
electricity generation

Cambodia and Myanmar can supply
more than 10x of their projected
electricity generation, and Thailand 2x;
they could potentially serve as energy
exporters to supply to countries such as
Singapore, and Malaysia

Cross-border transmission systems and
energy trading schemes are being
developed through the ASEAN Power
Grid

Urban agrivoltaics are needed for
scenarios in countries such as Singapore

Reference: Resources, Conservation & Recycling 209 (2024) 107808

n
L1

ANUS

National University
of Singapore

A
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Country 2020 2050, 2050, APAEC Agrivoltaics
(TWh) Baseline Regional Targets potential
scenario Scenario (APS) relative to
(TWh) (TWh) APAEC Regional

Target Scenario,
if 10 %
of the
geographic
potential is used

Brunei 4.73 7.78 8.99 0%

Cambodia 11.09 30.95 17.34 1451 %

Indonesia 275.58 960.79 642.27 73 %

Laos 7.78 44.95 438.21 104 %

Malaysia 152.13 485.97 220.88 7 %

Myanmar 20.29 42.04 32.91 1741 %

Philippines 83.24 359.46 231.65 50 %

Singapore 50.78 90.31 67.76 0 %

Thailand 187.26 461.44 355.11 206 %

Vietnam 218.02 904.27 483.16 47 %

Total 1010.91 3388.00 2108.00 116 %

APAEC: ASEAN Plan of Action for Energy Cooperation

Sclar Energy Research
Institute of Singapore
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Summary

U Urban agrivoltaics is critical for densely populated countries like Singapore
U Agrivoltaics has huge potential in ASEAN countries — also in co-existence with agroforestry

U 10% of the geographic potential (without affecting environmentally sensitive areas) in the
ASEAN region can supply >100% of the projected future electricity generation
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Many thanks for your attention!
lin.fen@nus.edu.sq

More information at:

https://www.seris.nus.edu.sq
WWWw.solar-repository.sq

We are also on;

IEi Enﬂ\‘ﬂi El :!
Tube
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SERIS is a 1eeearch inatitute at the National University of Singapore (NUS). SERIS is suppoited
Reasarch Foundation Singapore (NRF). the Eneigy Markst Authority of

by NUS, the National
Singapore (EMA) and ths Singapota Economic Development Board (EDB).
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