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ABSTRACT

Malaysia is set to increase its solar energy atili; as the
first utility-scale solar project in the countrygsrrently in the
works. Accordingly, the national framework for itfitscale
solar is currently being formulated in anticipatioihmore large
scale solar generators connecting to the Grid.

Meanwhile, in some countries, overly-ambitious realle
programmes have been modified or scaled-down. diostese
power systems have discovered that there is a bmithow
much variable energy resources (VERsto) that thiel Gan
accommodate before major reinforcements need tmdme in
order to maintain grid reliability. Learning fromternational
experiences, a sustainable and transparent pdicyuicial in
order to ensure smooth adoption of renewable enéRi),
especially more so in a vertically-integrated eominent such
as Malaysia.

In this study, the impact of utility-scale solampération on
the Peninsular Malaysia total generation systerioabe year
2020 was evaluated. An economic approach was adlopte
which the generation system differential cost amel bff-take
as a function of solar penetration level were asedy using
PLEXOS simulation software. A background on thdituti
scale solar landscape in Malaysia is also presenitesl results
point to a much higher penetration level than poiedi, in the
range of 600 to 2200 MW. It was also discovered, thiahigher
penetration levels, coal generation will be sigmifitly affected
by utility-scale solar integration.

INTRODUCTION

Although Malaysia lies in the equatorial regionpkgation
of solar energy in power systems is still consideiebe at the
infancy stage, as compared to other developingtdesn Even
though the introduction of FiT back in 2011 mana¢gedoost
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the utilisation of solar energy in its power systevalaysia
unfortunately slightly missed the target in achigyvits national
renewable target of 5.5% share in the energy miQ#b.

The successful power purchase agreement (PPA)
negotiations of Malaysia’s first utility-scale splplant marks
an important milestone, and is expected to drignificant
additional development of utility-scale solar iretfuture. In
order to ensure smooth adoption of solar energyNfdlaysia’s
energy mix, the Ministry of Energy, Green Technglaand
Water of Malaysia (KeTTHA) with the assistance d¢fet
Sustainable Energy Development Authority (SEDA) are
currently drafting the first utility-scale solar Ify.

While meeting the renewable target remains an itapor
national agenda, the technical and economic impédtigh
solar penetration into the Grid must be fully ursieod. High
penetration levels of renewable energy (RE) couphdth
unsustainable policies have resulted in compromiged
reliability and significant tariff hikes in some watries. As a
result, some jurisdictions have now enforced sigaift
downward adjustments on their overly generous
unsustainable renewable subsidy schemes [1,2],ewdtime
renewable portfolios have been completely suspefled

and

OBJECTIVE

The Single Buyer of Malaysia, the entity resporesifibr
securing long-term generation capacity at least ¢os the
Malaysian electricity supply industry (MESI) [4]s itaking
proactive steps to evaluate the economic impactitify-scale
solar penetration on the grid system. This paptangits to
determine the optimum penetration level of utikgale solar in
Malaysia’'s energy mix in year 2020, based on thaaichto the
total generation system cost.



SCOPE AND LIMITATIONS

While other jurisdictions may have different cldissitions
on what is perceived to be utility-scale or largale Grid
connected solar photovoltaic (PV), one should imvake
relevant rules and codes which govern the speGifid.

For the Peninsular Malaysia power grid, the Msiay
Grid Code (MGC) sets the regulations and technical
requirements that need to be carried out by aligmmvolved
in the planning, management and maintainance otiiet and
distribution systems to ensure the security, sadaty reliability
of the Grid at all time. According to MGC, any geatténg plant
with the capacity of 50 MW and above shall be bashdy the
MGC [5, 6]. For the purpose of this paper, onlyasqllants that
fall under this capacity band will be classifiedutisity-scale.

In this study, PLEXOS® Integrated Energy Model
simulation software by Energy Exemplar was usedusieely
in our modelling, therefore the approaches thapaesented in
this paper are limited to the software’s capabti

This paper only applies to PV technologies, @i & the
only proven solar technology for generating eleiiiin the
Malaysian tropical climate which consists of fak&nging
irradiance conditions [7].

UTILITY-SCALE SOLAR PLANT IN MALAYSIA
The pilot project

Malaysia is currently developing its first utiliscale solar
PV power plant in the state of Kedah. Announcedpnil 2014
during the President of the United States of Anzsiwisit to
Malaysia, this 50 MW solar farm, encompassing a-300
acres of land, will be connected at 132kV Transioiss
voltage. This project is a 60:20:20 joint partngrdhetween the
1 Malaysia Development Bhd (1MDB), national elegtyi
utility Tenaga Nasional Berhad (TNB) and DuSablepiGa
Management LLC. DuSable, an American private edfiuin,
will be the technology provider and investment advito a
private equity fund in which 1MDB will act as a lited
partner. 1IMDB would reimburse the costs incurrediysable
arising from the development of the project andoeisged
activities. DuSable, on the other hand, will sselpport from
the US Government on non-financial matters on the
project [8].

TNB, as the Grid owner has signed a 25-year Power
Purchase Agreement (PPA) with 1IMDB obliging thenbtgy
the power generated with a tariff of between RMOaitd
RMO0.46 per kilowatt-hour (kWh). The agreement datai
1MDB to design, construct, own, operate and mairtiaé solar
PV plant [9].

Future capacity allocations

The policy-makers are currently exploring the peatéin
limit of utility-scale solar for the industry. Padlske figures
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point to the region of 1000 MW capacity target dibitity-scale
solar by year 2020.

From that portion, 50 MW consists of the succes$gful
negotiated 1MDB plant. The other 450 MW will be aged
through direct negotiations, leaving 500 MW up tloe taking.
The latest hypothetical capacity allocation ofitytiscale solar
in Malaysia is illustrated in Figure 1:

5%

m Successfully
negotiated (1MDB)

uTo be awarded
through direct
negotiation

= Available quota

N

Figure 1 Hypothetical capacity allocation for utility-scale
solar in Malaysia

It is still unclear how this 500 MW will be disttiled.
Being a regulated industry, historically, new getien
capacities have been procured by either compethideling
[10,11] or direct negotiations. Without market fescto reflect
the actual energy price, regulated electricity retgksuch as
that of Malaysia requires a policy which emphasises
transparency and non-discriminatory access to émewable
generation sector.

LITERATURE REVIEW

Studies on finding the optimum penetration level of
renewable into the grid system have been carriednbyy
others. While all these studies incorporated wiad/gr in their
analysis, Malaysia however is not blessed with tiyae of
renewable potential. Nevertheless, these studifes aflot of
insight into the plausible approaches that mayg@emented.

Souseet. al. presented a methodology based on constrained
multi-objective optimisation and computed the o im
renewable energy mix in the Portugese power syfiemn

Halamay et. al. [13] presented a methodology for
determining a model to predict reserve requiremémtsareas
with high penetrations of wind, solar and ocean avavhis
method has shown to be useful towards finding amah mix
of wind, solar and ocean wave renewable resource.

A recent study by the Energy & Environmental Ecoi@sm
(E3) [14] examines the effects of higher renewghdetfolio
standards (RPS) in California. The study reveatat in the
absence of storage or price-responsive demandP8&t IBvels
above 33%, the network will suffer from over-geriena
Further increasing the state’s RPS to 50% by 2080idvresult
in increase in average retail rates somewhere leet®e23%.



Jo et. al. developed a new methodology to assess the approved generation system in the year 2020 withaytsolar
optimum capacity of large-scale solar PV in théestd Illinois. penetration at grid level. The SPL was then vafiech 50 MW
By evaluating the solar carve-out portion of therent RPS, up to 2400 MW. The differential cost against thes®aase was
they found that the generation from installed Pgtesns at the quantified and the optimum solar penetration |dgekthat year
current solar carve-out would be fully utilized amone would was estimated based on statistical analysis andoetc
be wasted [15]. approach.

A new study by the International Energy Agency (JEA
concluded that solar PV and wind could generate 0%
given market's electricity generation without siigant
economic disruption, depending on the flexibilitjyda the
governance of the power market. For any country,fitst 5-
10% of variable generation pose no technical ornewuoc
challenges. However these three conditions mustmeé&
uncontrolled local hot spots must be avoided, theiable
generation must be able to support the grid whenired and
effective forecasting for these type of generatibost be
practiced. [16].

Studies conducted by the Fraunhofer Institute foindV
Energy and Energy System Technology (IWES) an®ECS
have shown that increasing the installed PV capazi?0 GW
by 2020 shall incur costs of approximately 1.lidwilleuros in
terms of grid expansion alone [17].

Factorial analysis modelling applied to the Pacific
Northwestern power grid of the United States adiv a
specific combination of large-scale solar, wind asdlar and;
penetration levels that allows for greater combipedetration Total_Fixed_Cost= Capacity_Ryment+

rate for the same reserve requirement level [18]. Fixed_Opeation_and Maintenane_Cost(FOM

RESULTS AND DISCUSSION

Impact on Total Generation System Cost

The impact on the total system cost due to utditgle solar
integration in year 2020 was analysed. The totslesy cost is
defined as:

Total_sysem_cost=

Total_Geneation_Cos+ Total_Fixed_Cost

where;

Total_Geneation_Cos$ =

Fuel_Cost Variable_(peration_&_Maintenare_Cost(VOM)

For each SPL, the differential in fixed and openadi costs
against the Base case were tabulated and showgureR2.

DATA, TOOLS AND METHODOLOGY

For this study, the solar penetration level (SRLH¢fined
as the maximum AC power output from the solar PStey
into the Grid. Since this study focuses on utiitale solar
which is connected at Transmission voltage levie¢ solar
penetration is modelled at the supply side aloregsiith other 400000 o
conventional generators. Due to data profile litiot solar

Differential in Fixed an Operation Cost
at Various Solar Penetration Levels
500000

300000 L4

penetration is assumed to be connected at onesingle. s o *

The solar PV output profile used in this modellisghased & . ® ¢
on actual site measurement. The sample solar datéoged in f 100000 o © oo
this study consists of quarter-hourly solar irrade (G) and S L’ aroc
output (W) in year 2012. This data was obtainednfra test " " 50 1000 1500 2000 2500 3000
solar system which consists of Siemens/Shell SPTAr £V -
panels with a 3.15 kW maximum installed capacitgated in 200000 o,
Bangi, Malaysia. Consequently, the sample datas than 300000 Paa o,

normalised to the various solar capacity levels elled in this A 4
study. Generation data used is based on the lamsbbved
long-term generation capacity plan for Peninsulatadysia.
PLEXOS® Integrated Energy Model simulation software
was employed to model and simulate output resBlsed on
recommendations by the Regulator, a Herfindahldtinsan
(HHI) index of 0.5 [19] was applied and the minimlewel of

Figure 2 Fixed and Operation Differential Cost
at Various Solar Penetration Levels

daily gas offtake was set at 600 mmscfd. The poteolar
energy was fixed at RM 0.40 cents perKWh basedvenage
cost of intermediate and peak generation unit.

Year 2020 was used as a Base case, considerisgthiei
target year for achieveing the ASEAN RE initiativefs 30%
installed RE capacity [20]. The Base case consiStke latest
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It can be seen from Figure 2 that, within an SPLOab
2400 MW, solar integration will perpetually incudditional
operational cost (ODC), but provide savings in & fixed
cost (FDC).

Figure 3 is the resulting superimposed graph of Cind
FDC, which gives the total generation system déffitial cost



(GSDC) against the Base case. It can be observed Figure
3 that, initially, the rate of change in GSDC folt® a negative
trend. Beyond the minimum point, the GSDC increases

d(y2) __ d(yD)
positive linear rate i.e. dx dx
by imposing two separate linear trendlines repr@sgnwo
visibly distinct regions.

Overall, minimal solar integration into the systemill
introduce savings against the Base case, due tetieds in
capital investments. However, above 2200 MW, tlagirgs
are outweighed by the increase in operational deatling to
additional cost against the Base case. This additioost is a
result of more cheaper units being displaced bgrsol

Generation System Differential (GSDC) Cost

at Various Solar Penetration Levels
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Figure 3 Generation System Differential Cost
at Various Solar Penetration Levels

. This can be elucidated

In some systems, the higher cost incurred due tar so

integration is the result of additional reserve uisgments.
Breuer [21] reported a higher share of renewablergn
resources requires more reserve capacities.
Modarresi [22] claimed that the total cost of ressrto cater
for high-level of renewable integration will leaa significantly
higher additional cost to the overall system. Hogrebased on
our analysis, the national grid system will haveeqdhte

Similar

reserves to cater for this variability. Neverths|ehis reserves

is expected to exhaust as the SPL grows in thedutu

Considering the fundamental objective of seeking th

highest solar penetration target at least costpfiignal SPL is
deduced to be at the local minima of the curvectvlig around
the 600 MW region. At this point, the system gaims highest
savings against the Base case.

However, in light of the national green agenda
promoting RE integration into the energy mix, tHeLSnay be
increased up to 2200 MW, without incurring additiboost to
the system. Therefore, the maximum practical SRiitlimay
be heuristically deduced to be at 2200 MW.

of

63

Impact on Fuel Off-take

The impact of integrating utility-scale solar oretliuel
offtake in year 2020 was also evaluated. It wasnkesl that,
solar integration will result in slight displaceniesf both gas
and coal generation. However, this impact is exgedb be
more significant at much higher SPLs. Additionalas coal-
fired plants amount to fifty-percent of the totakngration
capacity in 2020, operating them in an inefficiemnner will
not be beneficial to the system.

In other systems, the impact of part-loading of Icoa
generators is more prominent that, coal generat@segularly
operated as load-followers, instead of performinggirt
traditional base-load duties. N. Kumgtr al. [23] studied the
effect of the historical cycling operation of fdsglants in the
United States (US) and reported higher cycling made
operation due to high integration of variable gatien into the
grid. This has resulted in higher cost of mainteearand
operation of these plants. Similar trends were esk for
fossil plants in the US, where the National Rende/&nergy
Lab (NREL) [24] reported that small and larger anif coal-
fired generators are expensive load following unitkey are
designed for base-load operation and will suffgnificant
damage due to change in operations.

CONCLUSION

The optimum level of utility-scale solar penetoatifor the
Peninsular Malaysia grid in the year 2020 has meuated.
An economic approach was adopted, whereby the impfc
solar penetration to the total generation systest eod fuel
offtake were quantified and analysed.

Integrating solar energy into the future energy mii
initially provide savings to the system, up to aaia limit. The
optimum solar penetration level, which translatethe highest
savings to the system points to the region of adlo&@®0 MW.
Advancing above this figure, up to 2200 MW, theatatystem
cost is still cheaper compared to the Base caseaveMer,
advancing much further from the 2200 MW mark, solar
integration will result in additional total systezost against the
Base case. Therefore, based on the economic
diminishing returns, integrating solar above thiginp will
ultimately outweigh the initial benefits gained.

In conclusion, based on this study, the potentaige of
SPL for the Peninsular Malaysia grid system in ybar 2020
appears to fall between 600 to 2200 MW.

Future works

Further areas that could be explored for refinimg tesults
and extending the scope of this study are as fatiow

* Obtain solar radiation data from various locations

0 This data can be used to model solar generation at

multiple nodes/locations

law of



e Apply variable solar price

o Since GSDC is sensitive to solar energy price,

hence there will be different optimum SPL with

different solar energy price
» Utilise more recent data sample
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