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SERIS
Solar Energy Research Institute of Singapore

❑ 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)

❑ Close collaborations with companies & government agencies

SERIS’ main R&D facilities at NUS SERIS’ off-campus facility at CleanTech One 
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Main R&D areas of SERIS

Solar cells:

❑ Perovskite/silicon 

tandem solar cells

❑ Next-generation 

industrial solar cells

❑ Characterisation & 

simulation

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

PV modules:

❑ Module testing (indoor & outdoor)

❑ Module development

❑ Building integrated PV (BIPV)

❑ Characterisation of optical 

properties

❑ Module reliability

❑ Recycling

❑ PV for vehicles
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Agrivoltaics in Singapore: background
❑ Singapore’s “30 by 30” initiative aims to sustainably self-produce 30% of nutritional needs 

by 2030.

❑ Singapore also aims to deploy at least 2 GWp of solar PV systems by 2030.

❑ Singapore is the world second densely populated country. It is wise to use the same 

space for multiple purposes.

❑ 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

Credit: SFA

An artist’s impression of the “big box” approach for future Lim Chu Kang

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

Source: SERIS
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❑ Significant biomass difference with additional LED lighting

❑ Research question: How to provide light compensation in more energy efficient manners?
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Source: SERIS
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❑ 10-cell module → ~ 50% shading, 12-cell module → ~ 60% shading

❑ ~ 10% difference in shading results in 12% – 15% difference in biomass for lettuce

❑ 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? 

Comparison: biomass vs. solar panel shading

Source: SERIS
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PRELIMINARY scenario analysis for SG

Assumptions:

❑ 1000 m2 farm area

❑ Leafy green vegies

❑ 50% PV coverage

❑ Soil-based as 

reference (only little 

farmland in SG)

Soiled based Hydroponics

(Vertical)

Hydroponics

(Horizontal)

Closer to 

Indoor 

farming

Results:

❑ Highest yield and 

highest profits for 2-

layer horizontal 

hydroponics with PV to 

power LEDs for 2nd 

growing bed 

❑ More LEDs consume 

too much energy

❑ Vertical towers affected 

by PV shading

Source: SERIS
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Creating impact from SERIS’ testbed
Media coverage

Source: SERIS
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Creating impact from SERIS’ testbed
SERIS is prominently featured during IPOS’ World IP Day 2024

With comment by Minister MSE,

Ms Grace FU:

Source: SERIS
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Cambodia, Indonesia, Laos 

and Myanmar mainly deploy 

solar-powered irrigation 

systems (PV systems not 

vertically integrated with 

crops)

Existing and Announced Agrivoltaics in ASEAN



12

Examples of existing Agrivoltaics systems

Agrivoltaics testbed, Indonesia1

Agrivoltaic artichoke farm, Vietnam3
Agrivoltaics project, Thailand2

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-

7170403581769056256-NrJU?utm_source=share&utm_medium=member_desktop 
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Agroforestry

❑ Agroforestry: a common type of multifunctional agriculture, characterised by the 

integration of trees (and other woody permanent or perennial plants) in croplands.

❑ Agrivoltaics and agroforestry may compete for 

suitable croplands as solar panels and trees both 

provide shading for the vegetation below.

❑ Environmentally-friendly agroforestry practices 

can contribute to climate change mitigation and 

local diversity conservation, reduce soil erosion 

and protect water bodies.

❑ It is sensible to promote future expansion of 

agroforestry in environmentally sensitive 

areas, such as forests, wetlands, water bodies, 

other wildlife habitats, and the surrounding buffer 

zones.

Image courtesy of MindtheGRAPH

Reference: Resources, Conservation & Recycling 209 (2024) 107808
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Potential of Agrivoltaics in ASEAN (I)

❑ Southeast Asia is the world’s primary home of agroforests, containing 29 % of all global 

agricultural land with tree cover of at least 30 %.

❑ The potential of agrivoltaics was analysed while considering the simultaneous goal of 

expanding agroforestry in environmentally sensitive areas.

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

areas

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

Flow chart for calculating geographic potential of agrivoltaics while excluding environmentally sensitive areas
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Potential of Agrivoltaics in ASEAN (II)
Geographic potential of agrivoltaics in 10 ASEAN member countries

After excluding 

environmentally 

sensitive areas

(km2)

Reference: Resources, Conservation & Recycling 209 (2024) 107808
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Agrivoltaics vs ASEAN 2050 generation targets

❑ Only 10% of the geographic potential of 

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

APAEC: ASEAN Plan of Action for Energy CooperationReference: Resources, Conservation & Recycling 209 (2024) 107808
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Summary
❑ Urban agrivoltaics is critical for densely populated countries like Singapore

❑ Agrivoltaics has huge potential in ASEAN countries – also in co-existence with agroforestry 

❑ 10% of the geographic potential (without affecting environmentally sensitive areas) in the 

ASEAN region can supply >100% of the projected future electricity generation 

Source: SERIS
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Many thanks for your attention!
lin.fen@nus.edu.sg

More information at:
https://www.seris.nus.edu.sg

www.solar-repository.sg

We are also on:

mailto:lin.fen@nus.edu.sg
https://www.seris.nus.edu.sg/
http://www.solar-repository.sg/
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