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Artist impression of the upcoming 60MWp floating solar system on Tengah Reservoir. (Photo: PUB/Sembcorp)

On the occasion of the commissioning of Sembcorp’s new Tengah Floating Solar Farm in
Singapore, Genesis Ray’s CEQ, Irfan Choudhry takes a holistic look at Singapore’s power market,
the reality of the enduring and significant role of natural gas and the practical and technical
use of solar as a resource.

On 17t May 2021, Sembcorp, together with The -

Public Utilities Board (PUB), announced with :—"__% Sembcorp
significant  fanfare the recently commissioned —

60MWp (MW Peak) floating solar power project, the
“Tengah Floating Solar Farm”. Covering approximately
45 hectares of the Tengah Reservoir in western part f
of Singapore, the project may not be large but is a @PL’B?"IK%R%TES
significant vector for future development and as a VWATER AGENCY
showcase project for Singapore’s energy sector.
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—_——
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Floating solar makes strategic sense for Singapore. Singapore has been historically
dependent on Malaysia for its supply of freshwater. Since its independence in 1965, the
Government has made significant attempts to increase self-reliance with the creation of
multiple inland reservoirs to store rainwater. Today, these freshwater reservoirs cover
approximately 30 square kilometers or about 4% of the land area of the country.

Though many of the reservoirs are used extensively for recreational purposes, some of the
largest ones have restrictions of use or limitations on access to public.
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o Tengeh Reservoir -130 ha o Kranji Reservoir - 491 ha o Upper Seletar Reservoir -330 ha Marina Reservoir -184 ha

o Poyan Reservoir — 360 ha o Jurong Lake - 70 ha Lower Seletar Reservoir- 317 ha Punggol Reservoir - 68 ha
o Murai Reservoir - 195 ha o Pandan Reservoir -174 ha Lower Peirce Reservoir - 65 ha Serangoon Reservoir - 90 ha
o Sarimbun Reservoir - 68 ha o Upper Peirce Reservoir— 301 ha MacRitchie Reservoir - 70 ha Bedok Reservoir - 84 ha

o Pulau Tekong Reservoir - 68 ha

Fig 1: Reservoirs in Singapore
Source: Genesis Ray

The seven largest reservoirs with limited public access (Poyan, Murai, Sarimbun, Kranji,
Upper Pierce, Upper Seletar and Pandan) alone cover approximately 20 square kilometers.
Covering just a third of the area of these reservoirs with floating solar farms can easily
yield another 500 to 600MWp of new capacity.

Apart from the inland reservoirs, shallow coastal areas around Singapore can provide
additional areas for the development of floating solar farms. These areas, primarily in the
north and eastern parts of the country have limited use for navigation purposes and thus
easily available for development of floating energy projects.

A 5 MWp floating solar farm by the
local developer Sunseap already
exists in the Straits of Johor
overlooking downtown Johor Bahru, 2
a major city in southern Malaysia.
These coastal waters can easily
accommodate another 300 to
500MWp of new floating solar
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capacity.
Source: Sunseap.com
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HOW ACHIEVABLE ARE THE TARGETS UNDER THE SINGAPORE
GREEN PLAN 2030?

@ GREEN PLAN

City in Nature

Green, Liveable and

Sustainable Living

Strengthen Green Efforts in Schonls

ble Home for 51 &n Eco p
& Plart1 millicn more frees, anid have ol to enhance
evary within & 10-minute ion in all scheals

wall from a park by 2030

& Develop aver 130 ha of new parks,
and enhance sround 170 he of
existing parks with mora lush
vegetation and natural landscapes by
end 2076

& Add 1000ha of green spaces by 2035

Public sector will lead on

sustainability

& He exemplary in taking sustainability
action, including to peek public
sector carbon emissions around
2026, ahead of naticnal targat

& Encourage and enable citizens and
businesses to adopt sustainability
practices, such us through grees

& Waork towards

vk ion of

The Singapore Green Plan 2030 is a national
sustainability movement which seeks to rally
bold and collective action to tackle climate change.

Energy Reset

Cleaner-energy \iehicles

& New diesel car gnd taxi registrations
to cease from 2025, with all new car
dnd taxi registrations to be of

net carbon emissions from schools
sector by 2050

& At least 20% of schools to ba carbon
neutral by 2030

Gresn Commutes

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

& Triple cyeling path network ta 1,320km
by 2030, from A60km in 2020

& Expand rail network o 360km by early
2030z, from around 230km taday

Green CHizenry:

Reduce waste and consumption

# Reduce amount of waste to lendfill per
capita per day by 208 by 2026, and
3% by 2030

# Roduce household water consumption

gy modeds frem 2030

& Further ravise rosd fax structure to
bring down road tax for mass-market
clectric cars

& Target G0,000 electric vahicle (EV)
charging points by 2030, with 8
EV-Ready Towns by 2025

Graener Infrastructure & Buildings

& Graen 80% of Singapore’s buildings
(by Gross Floor Area) by 2030

& a0 of new baildings (by Gross Flaor
Area) to be Super Low Energy
buildings frem 2030

& Hest-in-cless green buildings to see
BO% impravement in energy efficiancy
{over 2005 lavels) by 2030

Sustainable Towns & Districts

& Reduce energy consumption in HDB

Itis a living plan which will evalve as we waork 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 s Mew Engina

of Jobs and Growth

& Mew Enterprise Sustainability
Programme to help local enterprises
edopt sustainahility practices

& Develop Singapore o be & carbon
services hub, and a leading centre for
green finance in Asis and globally

& Develop furong Island to be a
sustamable energy and chemicals
park

@ Laversge opportunities in sustainable
industries Lo creale good jobs for
Singaporeans

Mew Investments to be

Carbon and Energy Efficient

@ Seek new investmants to be amang
the best-in-cass in energy/carten
efficiency

Jnintly led by:

Resilient Future

Safeguarding our Coastines

against Rising Sea Levels

* 536b dedicated lo cosstal and
drainage flond protection measures

# Formulation of coastel protection
plans for City-East Toest, North-West
Cogst {Lim Cha Kang and Sigel
Kadut) and Jurong lsland by 2030

Safequarding Food Security

& Produce 30% of our nutitonal needs
Tocally and sustainably by 2030,
through developing land and saa
space and skilled workers, funding
supgar, and promofing R4

Keeplng Singapers Cool

# Moderte the risein urban heal, such
as with cool paint and by increasing
QrEENary.

Lo 130 Hlres per capita per day towns by 15% by 2030

procurement
5 Grean Energy
& Quadruple solar energy deployment to g m 5 P
15 figawst-pesk by 2026 Swircni —
& Tap an cleanar electricity imparts, and bRy Bty

inoregse R&D on renewable energy
and emerging low carbon
tN:hnnIogler. £

MTI IEINTRY 08 THATE
K3EVTRENISTET
— AT

»

www.GreenPlan.govisg

In February 2021, Singapore unveiled the Singapore Green Plan 2030, a roadmap to the
adoption of a more sustainable growth for the next 10 years. The Green Plan has targets for
different sectors of the economy, including Energy generation. There is a solar energy target
of 1,500 MWp by 2025 and 2,000 MWp by 2030. At close to 500 MWp solar energy capacity
today, spread across rooftop and floating solar, there is a need to add about 1.5GWp of new
solar capacity by 2030. Floating solar facilities such as Tengah can fill this gap easily. The
Tengah project was commissioned within six months, despite the constraints of the ongoing
Covid-19 pandemic. Rooftop solar installations take even less time.

With sufficient reservoir and coastal areas available, building another 0.8 to 1.1GWp of
floating solar capacity would not be difficult. A similar capacity can be added from rooftop
solar on public buildings or temporary vacant lands. Whether it is the public housing rooftops
or floating farms on the reservoirs, government has exclusive purview over their use, thus
limiting any land acquisition related issues. Therefore, despite being a land constrained
nation, Singapore can not only easily achieve the 2030 solar energy target but can exceed
that much earlier with ease.
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WHAT DOES THE SINGAPORE POWER GRID LOOK LIKE?

Below is the half hourly power demand and supply for the Singapore power grid on 12 May 2021.
With no major seasonal variations, this is how a typical day looks for any time of the year in Singapore.
Currently, the country has a total capacity of 9.9 GW for base-load gas fired power plants connected
to the grid, comprising 7.3 GW Combined Cycle Gas Turbine (CCGT) and another 2.6 GW of CCGTs run
in co-generation mode. This is apart from about 260 MW capacity of waste-to-energy Steam Turbines
(ST) running almost continuously and another 750 MW of gas fired Gas Turbines (GT) that are rarely
dispatched. The System Peak Demand rarely exceeds 7 GW on any given day and has remained so for
the past few years due to limited growth in power demand.

On a typical day, solar
generation currently makes
an almost negligible s000
contribution to the overall 8000
energy mix, with natural gas 2000
fired CCGTs or Cogen plants
contributing to almost 98 per

cent of the system power

supply.
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. . Fig 2: Singapore Power Demand and Supply mix, Wholesale Electricity Prices (May 12, 2021
independent of its 9 gap pply y (May )

Source: Energy Market Company, Singapore

neighbours.
Minimum Stable Load (MSL) defines the level to This grid flexibility is also very useful when
which a plant can be turned down while it is still absorbing intermittent sources of energy such
running. This allows continuous operations of as solar without compromising on high system
base-load power plants, while still providing reliability.
flexibility to meet sudden variations in power
demand. As can be seen from the above chart, battery

storage is not a viable option today as average
wholesale power prices (represented by USEP)
hover around the $590-100 per MWh range, far
below the current battery storage costs.

The low MSL levels for natural gas fired power
plants ensures that high levels of system
reliability can be achieved without the need to
constantly switch on and off power plants,
which would have an impact on their overall

efficiency. Thus, it is far cheaper to generate
Further, the options available around the electricity from gas—ﬁred power
supply of natural gas — whether through plants and provide grid balancing to

pipelines from Indonesia and Malaysia or as th | intermitt th
LNG from across the world, add significantly to € solar energy Intermittency than

fuel flexibility and energy security. building Iarge grid scale battery
storage facilities.
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WILL ACHIEVING THE GREEN PLAN 2030 SOLAR ENERGY
TARGETS MOVE THE NEEDLE IN FAVOUR OF RENEWABLE
ENERGY FOR SINGAPORE?

Singapore is a relatively mature power market, growing at about 1.7% p.a. over the past 10 years,
which is much lower than many of its peers in the Asia Pacific region that are yet to achieve high level
of electrification. Being a gas dominant power sector today, will the 2GWp solar energy capacity in
2030 significantly change the energy mix scenario for Singapore?

60

504 L7 52

186 496

50

40

20

10

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fig 3: Historical Annual Power Consumption in Singapore (GWh)
Source: Energy Market Authority, Singapore

To answer these questions, let us understand a little more about solar energy and how it affects the
overall grid stability, thus highlighting the requirement of a portfolio of fuel and technology solutions.
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The chart below shows a typical daily profile for Global Horizontal Irradiation (GHI), created for
Singapore based on the last 20 years data from European Space Agency (ESA). Global Horizontal
Irradiation (GHI), as defined by World Bank ESMAP program, is the sum of direct and diffuse solar
radiation received on a horizontal plane.
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Fig 4: Global Horizontal Irradiation (GHI) for Singapore, Typical Day Profiles from 20-year data,
Source: Genesis Ray Analysis, European Space Agency

GHI helps interpret solar radiation across regions. Formally, GHI is a reference radiation for the
comparison of climatic zones and is an essential parameter for calculation of radiation on a flat plate
collector. In our analysis, half-hourly profiles at different Probability of Exceedance (PoE) ranging
from 1% to 99% i.e., P1 to P99 were created and represented by green lines. The maximum and
minimum GHI values for any given hour over the past 20 years were reflected in the light orange
shaded area.

The P50 profile, reflecting a GHI profile with at least 50 percent likelihood of occurrence is shown in
the dotted red line. It is quite evident that solar irradiation, even for a country like Singapore that is
located right on the Equator, is far from being predictable. Singapore has high level of cloud cover for
most of the year with very high levels of humidity along with temperatures that rarely exceed 33 to
34 degrees centigrade.

Though a P50 GHI profile is a good representation of the average solar irradiation profile for a
location, it is obvious that there would be many days when the irradiation levels will be much higher
or lower. This intermittency or unpredictability requires an almost instantaneous availability of
alternate generation sources that can balance the grid on a real time basis.
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To convert these solar irradiation profiles to power generation, we considered a 10MWp power plant
using PV module technology from a leading module manufacturer.

The chart below shows the generation of the plant for Singapore’s typical ambient conditions,
considering a P50 and P90 (a more conservative) profile. For comparison, we also considered the
same GHI profiles but at ambient conditions for the Bhadala Solar Park in Rajasthan, India. Bhadala
Solar farm, at over 2.2 GW capacity, is one of the largest single location solar farms. The hot and dry
desert conditions result in temperatures in May that exceed 45 degrees centigrade, with almost
negligible humidity and cloud cover.
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Fig 5: Power Generation from a 10MWp PV Solar Farm in Singapore and Bhadla, Rajasthan at P50 and P90 GHI
Profiles , Source: Genesis Ray Analysis

As can be seen from above, higher temperature, low humidity and no cloud cover would result
in higher generation output from the same modules and at the same GHI profile. Another
observation is that at a P50 profile, a solar energy plant in Singapore would typically not
achieve more than 55-60% of the peak generation capacity of the modules. Thus, a 2GWp
capacity would at best be able to contribute to no more than 1.1 to 1.2 GW to the grid during
peak hours.

Coming back to the Singapore Green Plan 2030; we can imagine a likely scenario for the power
sector in 2030, where power demand continues to grow at 1.7% p.a. while a conservative
supply scenario considers no power capacity increase.

Even with a 2GWp solar capacity by 2030, solar may not contribute more than 4% to 5% to the
total energy mix.
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Fig 6: Singapore Power Demand and Supply mix for a typical day in 2030, 2GWp Solar Capacity and P50 GHI Profile
Source: Genesis Ray Analysis

The intermittency of the solar generation can easily be absorbed by the flexibility of the gas fired
generation capacity in the country.
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IS A 100 PERCENT RENEWABLE ENERGY SCENARIO FEASIBLE
FOR SINGAPORE?

With a clear understanding that the achievement of the Singapore Green Plan 2030 is unlikely to
significantly move the needle in favour of renewable energy, the next plausible question is whether a
100 percent renewable energy world is indeed feasible, or even desirable, for Singapore. To test this
hypothesis, Genesis Ray’s team created two hypothetical scenarios for 2030. These scenarios
considered the power demand forecast from the previous section and an assumption of solar energy as
an exclusive generation source, apart from Waste-to-Energy projects. One scenario considered the
need for solar generation and battery storage capacity considering a P50 GHI profile while the other
scenario considered the same for a P90 GHI profile.

neo Scenario 1: P50 GHI Profile and 100% Solar Capacity neen Scenario 2: P30 GHI Profile and 100% Solar Capacity
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Fig 7: Singapore Power Demand and Supply mix for a typical Fig 8: Singapore Power Demand and Supply mix for a typical day
in 2030, 100% Solar Capacity and P90 GHI Profile

Source: Genesis Ray Analysis

day in 2030, 100% Solar Capacity and P50 GHI Profile
Source: Genesis Ray Analysis
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Fig 9: Land Requirement for 100% Solar Capacity Scenarios at P50 and P90 GHI Profiles
Source: GenRay EXPLORER™

To achieve a 100 percent renewable energy scenario, Singapore would need approximately 50GWp
solar capacity for a P50 profile and an 80GWp solar capacity for a P90 profile, covering almost every
square inch of the land and maritime area of the company. This is clearly not a feasible scenario. This
is not even a desirable scenario, as this would require a Battery Storage capacity of almost 190,000
MWh to balance the grid; a size that is 150 times the size of Moss Landing Energy Storage Facility in
California (1,200 MWh), currently the largest such facility in the world. Even then, some amount of
flexible generation capacity such as gas-fired turbines may be required for those unusually cloudy
days.
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WHAT ARE THE KEY TAKEAWAYS?

There is an urgent need to increase the share of renewables in the energy mix, not only for Singapore
but also for countries across the world, to decrease their reliance on fossil fuels and reduce their
overall carbon emissions from the power sector.

Singapore Green Plan 2030 is a realistic attempt in this direction. Though more aggressive targets for
renewable energy may be set, a 100 percent renewable energy world is simply not feasible or even
desirable considering the current portfolio of commercially feasible renewable energy options.
Natural gas must play a dominant role in this energy transition story, providing the much-needed grid
stability, reliability, and economic sustainability. As technologies such as Green Hydrogen become
more commercially feasible, not only locally but also in other locations considering it can be
transported over long distance to where Green Hydrogen cannot be produced, the true transition to
a complete renewable energy world would slowly start to take shape. Until then, natural gas and LNG
are the best bets to balance the grids and keep the lights on in a predictable manner.

Natural gas must play a dominant role
in this energy transition story, providing
the much-needed grid stability,
reliability, and economic sustainability.

As technologies such as Green Hydrogen become more commercially feasible,
not only locally but also in other locations considering it can be transported over
long distance to where Green Hydrogen cannot be produced, the true transition
to a complete renewable energy world would slowly start to take shape. Until
then, natural gas and LNG are the best bets to balance the grids and keep the
lights on in a predictable manner.

Author: Irfan Choudhry Genesis Ray Energy o
For further information contact 5 Shenton Way, #10-01 UIC Building

irfanc@genesisray.com

Singapore 068808
Email : contactus@genesisray.com
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