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Abstract: Problem statement: Mitigation of global warming and energy crisis ltatled upon the need of
an efficient tool for electricity planningThis study thus presents an electricity planningl tihat
incorporates RE with Feed in-Tariff (FiT) for van®sources of Renewable Energy (RE) to minimizz gri
connected electricity generation cost as well asatsfy nominal electricity demand and £émission
reduction targetApproach: In order to perform these tasks, a general Mixéelkr Linear Programming
(MILP) model was developed and implemented in Gardgebraic Modeling System (GAMS). The RE
options considered including landfill gas, munitigalid waste, palm oil residue and hydro powerilévh
the model presents a general approach for elégtpiginning, Iskandar Malaysia is applied as a sasgy

in this researchResults: By considering the cost, FiT, availability of therrewable Energy Source (RES)
and limit of RE fund for FT remuneration in Mal&ysThe optimization result indicates that Iskandar
Malaysia can satisfy the set target of 40% carlpeission reduction by 2015 by implementing biomaks R
Conclusion: It's revealed that a total of 875 MW of RE is riqd from Biomass Bubbling Fluidized Bed
(BBFB) using various palm oil biomass fuel (mesefia15 MW, Empty Fruit Bunch (EFB)-424 MW and
kernel-236 MW). However, this increases the Coslettricity (COE) by 69-6.5% cents/kWh.

Key words:Renewable energy, feed in-tariff, electricity gextem, processing residue, general
algebraic, modeling system, generation mix, emissgaluction

INTRODUCTION the grid while market-dependent FIT policies are
. generally known as premium price policies, or faed-
Increasing Renewable Energy (RE) share had begsremiums, since a premium payment is added ab@ve th
the goal is many countries over the world, howestee  market price (Mendoncat al., 2009).
to the high cost of RE compared to conventional In order to increase the development of RE in
resources (fossil fuel), the development of RE it®  Malaysia, Malaysia Government had proposed FiT to
generation mix is rather slow. In order to promatel  be launched by the mid of 2011 emphasizing on solar
increase RE development, Feed-in Tariff (FiT) hadPV, biomass, biogas and mini-hydro. The FiT
been introduced and since, been implemented in 6@itroduced is under the classification of an indejsnt
jurisdictions worldwide rendering it as the mostFiT policy covering for RE up to a maximum capacity
effective policy at stimulating rapid developmehtRE  of 30 MW, while different rate is set for differersinge
(Klein et al., 2006; Couture and Gagnon, 2010). of RE size (Chuat al., 2011). In order to ensure a
FiT policies are designed to offer guaranteedgsric Stable funding for FiT, Pusat Tenaga Malaysia (PTM)
for fixed periods of time for electricity producédm  had introduce a RE fund which collects 2% of
RE depending on its type of technology, size ofconsumers electricity bill to fund for the incemtiv
installation, quality of the resource and otherialsles ~ under FiT. The fund is mainly used to equalizeghee
(Couture and Gagnon, 2010; Mendonca, 2007). Théetween non-renewable and renewable sources of
remuneration of FiT can be classified as eitheenergy (Chuatal., 2011).
dependent or independent from the actual elegtricit ~ This study developed a Mixed Integer Linear
market price (Kleiret al., 2006; Couture and Gagnon, Programming (MILP) model for Islander Malaysia to
2010). Market-independent FIT policies are gengrall plan an optimum fleet-wide electricity generatioixm
known as fixed-price policies, since they offeriedl  from various sources incorporating RE and FiT using
or minimum price for electricity from RE delivered  General Algebraic Modeling System (GAMS).
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MATERIALS AND METHODS A

Fxisting

The model is formulated with the objective function - o b fossil
minimize the cost of power plants (Mirzaesmaethl., - fuel
2010). In this model, it consists of 4 types ofceleity y
generation, existing Fossil Fuel (FF), new FF, REvand |:| ! h
new RE biomass (separated from other RE due tousri  Existing plant L NGCC Fxisting
fuel sources). The capital cost for existing FF g@oplant . . I NGCT ¥ fossil
is assumed to be paid off and thus, it is omittethfthe ZIIITIL fuel
objective function. An additional retrofitting coss LA "
included for fuel switching (coal to natural gas). T MSW R
Superstructure: The superstructure incorporates the 4 ' Landfill -
types of electricity generation. FF power plantiggrg il
and new) consists of Natural Gas Combined Cycle L Blogs | New RE

power plant (NGCC), natural gas combustion turbine
(NGCT) and Pulverized Coal (PC). New RE power
plant consists of Municipal Solid Waste (MSW),
Landfill Gas (LFG), biogas, hydro, Large solar
Photovoltaic (LPV) and small Solar Photovoltaic i
(SPV). While, new RE biomass power plant consiéts o New RE
Biomass Combined Cycle (BCC) and Biomass biomass
Bubbling Fluidized Bed (BBFB) with 3 different fugel

(empty fruit bunch, EFB, microfiber and kernel). An _. -

illustration of the superstructure is as shownii E. Fig. 1: Superstructure for existing and new tecogyl

Objective function: The objective function is Indices:

formulated as the total cost subtract with the Itotai = Existing fossil fuel plants
remuneration from FiT. The costing included in thej = RE power plants
objective function is the cost of existing FF powtant  k = Type of power plants
(fixed and variable Operating and Maintenance (O&M)| = Biomass fuel

cost), fuel cost of existing FF power plant, coshew 1 = Costing

FF power plant (capital, fixed and variable O&M 9ps Range for FiT

fuel cost of new FF power plant, cost of new RE
(MSW, LFG, biogas, hydro, LPV and SPV) power plantggis.
(capital, fixed and variable O&M cost), cost of new - _ rossil Fuel
biomass power plant, fuel cost of biomass, retin€t
cost for retrofitting burner to utilize coal fue hatural
gas. The remuneration on the other hand, incluldes t

FC = Existing Fossil Fuel Costing
(Without Capital Cost)

: . RE = Renewable Energy
FiT for each RE Eq. 1: Bl = Biomass RE
; i — F ~FC
minf (I’]’k’l’m'n’)_2|2k(%FF[ZfrD{:CEE) fo" + Scalars:
ostor existing . . .
AT = Average Electricity Tariff
FF (~FF FFFC
ZiZkEFFEik_Ck +Z m;pz etk G+ REF = Percentage contributed to RE Fund
(Fuelcost of existing FF) Costof new FF .
Y OEFCY Y Y prege RedC = Percentage reduction of CO
KOFF —K j £t KORE £ niIRE —Jkn —km CGO," = Current CQemission (kMetric Tonne)
(Fuelcostof new FF) (Costof new RE)
Z JZkDBI Z. me. Zn EfnCin + (1) Parameters:
(Costof newRE biomass) Cun = Cost ‘m’ for type of power plant ‘k’
ZZ Z Z Z EBI Fj?’I + Bl — [ o, .
j £k Ll LB Lan —ikin T Com Cost ‘m’ for type power plant ‘k’ using
(Fuel Cost of new RE biomass) . i . . . Ly
TY ECE-Y Y Y EERTE- biomass fuel ‘I' operating with biomass ‘k
i LujrrE i j £4KIRE o B FITn Py = Price of fuel for type of power plant ‘k’
(Retrofitting cos t) (Feed in tariff for RE) 5l _ . . O W
TS TS Y A+ Ry = Price of biomass fuel ‘I for type power plant ‘k
i n n —ikin ki . . . .
o e ot e omase) FiT® = Feed-in Tariff for RE with range ‘n’
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FiT® = Feed-in Tariff for Bl with range ‘n’

R = Retrofitting cost for power plant i’ to type
power plant ‘K’

Xi = Capacity of existing fossil fuel plant

Cap = Capital cost of existing fossil fuel plant

VMW = Conversion rate of MSW (kg) to energy

V- = Conversion rate of MSW (kg) to energy
(landfill)

B; = Biomass Fuel Availability

CO,iF = CO, emission of fossil fuel

Integer variables:

Ex = Electricity generation of existing fossil fuel
power plant ‘i’ for type of power plant ‘K’
E«. = Electricity generation for type of power plant ‘k

Exn = Electricity generation of RE power plant ‘i’ for
type of power plant ‘k’ with range of FiT ‘n’

Cl =Electricity generation of RE power plant ' for
type of power plant ‘k’ using biomass fuel ‘I
with range of FiT ‘n’

Continuous variables:
A = Adjusted cost ($)
COE = Cost of Electricity ($/kwWh)

Constraints:

Annual electricity demand constraint: The summation
of electricity generation from all sources (FF aRE)
must be equal or greater than the required demand
shown by Eq. 2:

z. Zk]FF Ei +z KOFF BT+ z ]Z k]REZ n EJE:
+ZJZk]B| >, > Ejn =Demand(MW)

Existing FF power plant constraints: The electricity
generation Eff must be equal or less Than; X

@)

(mass to energy)*vThe summation ofj" /v¥*¥and
Ei / V" must be equal or less than the available mass.
The formula is shown by Eq. 5:

MSW
jkn
V MSW

Lfill
jkn <

V Lfill =

MSW Availability (kg) (5)

Biomass constraint: Electricity generatiorgf, from

biomass must be equal or less than the availatde fu
resources as shown by Eq. 6:

ZjZkZBI Zn Einlln

CO, emission constraint:To meet the carbon emission
reduction targets, the summation of fossil fuel ssitin
must be equal or less than the reduction requirereen
shown by Eq. 7:

ZiZkDFFEiT(F COZEF+ZKDFF EKFFCQKFFS( r Re?’ C(; (7)

RE fund constraint: FiT remuneration must be less or
equal to the RE fund as shown by Eq. 8:

ZjZk]BI Z\ Zn Elilln FiTlill +ZjZk3l Zn EiEn
< ZjZkDFF EiiF + Z KOFF EkFF +
ZjZkDF{EZnEﬁ(E” +ij kDBIZIZn EjEli:n

a
x AT xREF

<B (MW), Ok (6)

FiTeE

®)

Upper and lower Boundaries: As specific ranges are
given for FiT, boundaries are set for the capacftiRE
electricity generation. The formula is shown thgbu
Eq. 9a-9i. For illustration, Eq. 9a-9i given in thenge
for the FiT in Malaysia.

Meanwhile, X, represents the capacity of each existingRange ‘Nl

FF power plant. The formula is as shown by Eq. 3:

ZKDFF EiiF ®3)

Renewable energy constraint:Electricity generation
from renewable energy,Emust be equal or less than
the availability as shown by Eq. 4:

<x (MW), OiOFF

Eyn < RE availability (MW),

OkO bijogas, SPV, LPV (4)

MSW/landfill constraint: There aretwo technologies

to convert waste to energy, direct utilization orl <Bx<100LPV

gas from decomposing waste.

However, since both have different conversion ratet < Ey,< 100 biogas, LFG
55

capturing landfill

0< Ex,< 100 biomass, MSW (9a)
0< Ejp< 10 SPV (9b)
0< Ejn<40biogas, LFG (9¢)
Range ‘n2’:
10 < By, < 200 biomass, MSW (9d)
(%)
(9f)



Am. J. Engg. & Applied Sci., 5 (1): 53-58, 2012

Table 1: Costing, carbon emission and RE avaitgtMialaysia, 2010 (EIA, 2010)

Capital cost Fixed Oand  Variable O and Fuel price, £0 Existing power RE
Power plant ($/MW) M ($/MW) M ($/MW) R$/MW) (kMetric tonne)  plant (MW) availability (MW
NGCT 974000 6980 128772.0 203159.50 5.04 226 -
NGCC 978000 14390 30046.8 132003.31 3.28 893 -
PC 2521000 23370 37230.0 223856.63 7.20 2100 -
MSW 3860000 100500 43800.0 0.00 -11.51 - 717.17
Landfill 8232000 373760 72970.8 0.00 -11.51 - 7171
Biogas 8232000 373760 72970.8 0.00 -11.51 - 47.00
Hydro 3076000 13440 0.0 0.00 0.00 - 0.00
LPV'® 4755000 16700 0.0 0.00 0.00 - 0
SPV? 6050000 26040 0.0 0.00 0.00 - )
BCC.EFB 7894000 338790 145766.4 129777.78 0.00 - 6.002
BCC.Fiber 7894000 338790 145766.4 126818.68 0.00 - 215.00
BCC.Kernel 7894000 338790 145766.4 153873.33 0.00 - 297.00
BBFB.EFB 3860000 100500 43800.0 141897.90 0.00 - 4.0
BBFB.Fiber 3860000 100500 43800.0 138662.45 0.00 - 215.00
BBFB.Kernel 3860000 100500 43800.0 168243.77 0.00 - 297.00

*1 The capital cost is amortized over a period ofy@rs with an interest rate of 159%; MSW and landfill gas power plant share the saouece
(kMetric Tonne). The conversion rate from wastertergy for MSW, ¥¥is  0.1437 (MW/kMetric Tonne) and landfilt*#™ is 0.0739 (MW/kMetric
Tonne); *: Due to the intermittency of solar energy, 1 MVgaxity of photovoltaic is insufficient to meet thetual demand of 1 MW of electricity. With
an average sunlight of up to 6 h/day, the costlaf £V would be 4 times higher to sufficiently rréee required demand

Table 2: Feed-In Tariff for various RE (PTM, 20Hashimand Ho, «  Currently, the energy generation in Iskandar

2011) Malaysia is generated from natural gas (78.8-
RE utilisation Years RM/KWh _ Degression (%) 1119% MW) and remaining is generated from coal
Solar PV (21.2-287% MW) Malaysia, 2010
<1MW 21 1.14 8.0 A
> 1MW <10 MW 21 0.95 so ° Current cost of electricity if 3.85 cents/kWh.
> 10 MW < 30 MW 21 0.85 8.0 ¢ Biomass resource is only from palm oil residue
Bonus for BIPV 21 0.25 8.0 * The only feasible source to produce biogas is from
Eigomﬁﬂsv?/ 16 031 05 Palm Qil Mill Effluent (POME)
> 10 MW < 20 MW 16 090 o « AlREis cons@gred to be_ carbon neutral.
> 20 MW < 30 MW 16 027 o5 * Average electricity tariff is taken to be $ 0.0833
Bonus for gasification 16 0.02 0.5 kwh™
Bonus for MSW 16 0.10 1.8 . o
Biogas To increase the validity of the model, severahdat
<4 MW 16 0.32 0.5 were collected directly from Iskandar Malaysia, PTM
>4 MW <10 MW 16 0.30 05  and U.S. Energy Information Administration (EIA,
;jr?u?:‘/(\)ﬁai%ﬁ'\ﬂw 12 g'gg g'g 2010) as shown in Table 1 and 2.
: . Other data used in this model includes, retrofifti
Range ‘n3": cost, RiFto retrofit PC to NGCC power plant ($
23676.79/MW) and current carbon emission, €02
20 < < 300 biomass, MSW (9g) (6133.93 kMetric Tonne) Malaysia, 2010. To caiteila
the COE, the omitted capital cost of existing FRv@o
plant would have to be included. The equation josadhe
10 <Bn=300LPV (9h) total cost and to calculate the cost of electrisitgs shown
) . by Eq. 10 and 11:
10 < B < 300 biogas, LFG (9i)
A=f(i,jk,lmn)+> > _EfCap (10)
Case study: This model is constructed to provide a
road map for Islander Malaysia to implement REhia t A(9) 1
total energy generation mix of 1997 MW by 2015 with C0E=——— energygenerated (kWI (11)

a carbon emission reduction ranging from 10-40%. As
of current, 5 power plants consisting of 1 NGCT pow RESULTS
plant located in Pair Gudang (i-1), 3 NGCC power
plant, all located in Pasir Gudang (i-2-4) and 1 PC  Since the United Nations Climate Change
power plant located in Tanjung Bin (i-5), summing u Conference 2009 (COP15), Malaysia had set a téwget
to a capacity of 3219 MW. Several assumptions wergeduce carbon emission by 40% as announced by the
drawn in order to simplify the model. The list of sixth and current Prime Minister of Malaysia, Dato’
assumption is as listed below: Seri Najib Razak.
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Fig. 2: Effect of carbon emission reduction on COE

This section discussed the findings from sensitivit then used. With 2% of electricity bill contributénl RE
analysis conducted on the model exploring the ffec fund, it is insufficient to provide enough remurtea

of carbon emission targets toward the cost of ettt 0 achieve a carbon reduction of 40%, the maximum
and participation of RE. The model includes two reduction it could achieve is only 29.62%. Undegsth
methods for carbon reduction, fuel-switching (from SCENario, the participation of RE is up to 681 MM

. : RES only from biomass (BBFB) with 215 MW from
coal to natural gas) and implementation of RE. Themesofiber 424 MW from EFB and 42 MW from
result of this study is as shown in Fig. 2. ;

kernel. Even with incentives from FiT, the costR¥ is

still higher than the cost of conventional FF powiemt

and thus, the COE increases gradually as the carbon
emission reduction increases. The COE increases as
much as 60.78% hitting a value of 6.19 cents/kWh.

In order to increase the carbon reduction up &40

the funding toward RE fund have to be increases thi
tan be achieve by increasing the percentage oetlect

DISCUSSION

Referring to Fig. 2, it can be seen that fuel-
switching of PC power plant to NGCC power plant is
required for all cases as it proves to be costctife
and a good solution to carbon emission reduction

'r_é?jvl\jg\ée{h efufgrsbvgﬁczggs s?(l)?qnznzo?rl]d o?é)(ter utlgrgiﬁgvfrom electricity bills for RE fund by 0.57% achieg a
fotal contribution of 2.57% or increase the average

further reduction RE is required. To achieve 10% . .
: . -~ “price of electricity from $ 0.0833/kWh to $ 0.10Wk
carbon reduction, a total of 314 MW of RE is reqdir (as much as 28.45%). Under this new settings, the

consisting of 2 MSW power plant adding up to altOtacontribution from RE is yet again, only from bioreas
of 57 MW (range: 21-30 MW), 27 BBFB (mesofiber) i, "'y ol of 875 MW (mesofiber-215 MW, EFB-424
power plant with a total of 203 MW (range: 21-30 MW MW and kernel-236 MW). The COE then increases to

and 2 BBFB (EFB) power plant with total of 54 MW ) .
i X . 6.5 cents/kWh (increment of 68.83%) with all the
(range: 21-30 MW). Two main factors contributeshe power plant in the range from 21-30 MW.

selected choice are low costing of these technetogi
and low FiT (constrained due to RE funding) compare

to the other RE (higher range is selected due weto CONCLUSION
FiT). While mesofiber and EFB are chosen abovediern _ _ _
as the fuel for BBFB is primarily due lower fuelsto A MILP model for the optimal planning of grid-

To achieve higher carbon emission reductionconnected electricity generation schemes has been
(20%), the total participation of RE in the geninat developed for IM to meet a specified RE mix targgt
mix have to be increase by additional of 187 Mw.considering the factor of cost, FiT and carbon
Amount of MSW decrease from 57-MW, BBFB reduction. The results indicated that, the selacté
(Mesofiber) increases from 203-215 MW and BBFtype of RE power plant is mainly driven by the cost
(EFB) increases from 54-258 MW (all power plants ar FiT, RE fund and the availability of RES.
of the higher range: 21-30 MW). The decrease of MSW  With FiT introduced, in an investor point of vieit,
participation of due to insufficient funding fromER would be more profitable to select the RE with lkigh
fund to sustained a stable remuneration. As mesiofib remuneration and higher rate of return; howeveritbealf
biomass fuel approaches its availability limit, EFB  cannot be used as the main criteria in selectioRBf
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projects. To ensure a stable economic, the augtshrduld  EIA, 2010. Updated capital cost estimates for eleity

introduce a quota system which promotes the seitel generation plants. EIA, US.

project to be given priority. One method to deadethe  Hashim, H. and W.S. Ho, 2011. Renewable energy
priority depends very much on the availability aegt of policies and initiatives for a sustainable energy
the resource and the RE fund availability. future in Malaysia. Renew. Sustain. Energy Rev.,

In this study, to achieve a 40% reduction of oarb _— 15: 4780-4787. DOI: 10.1016/j.rser.2011.07.073

emission, the model had selected 875 MW of REKIein A., A. Held, M. Ragwitz, G. Resch and T. Eab
entirely from biomass resources (mesofiber -215 MW, 2(’)06’. Evalua,tion of differ,ent feed-in tariff design

EFB-424 MW and kernel-236 MW) while the . . .
remaining demand is met by NGCC. This indicates tha options-Best practu;e paper .for the International
focus on biomass resources should be given priority Feed-In  Cooperation. Institute ~System and
Malaysia as Malaysia has an abundant amount of Innovation Research.
biomass especially from palm oil residue. In thisMendonca, M., 2007. Feed-in Tariffs: Acceleratihg t
scenario, the COE increased by 68.83% to 6.5 Deployment of Renewable Energy. EarthScan,
cents/lkWh. Out of the FF power plants, NGCC is London, ISBN-10: 9781844074662, pp: 150.
selected due to its low cost, high efficiency ao&/ | Mendonca, M., S. Lacey and F. Hvelplund, 2009.
carbon emission. Stability participation and transparency in
renewable energy policy: Lessons from Denmark
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