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Abstract

The research aims to develop an energy demand and supply model to represent the
overview of Thailand energy system. An energy accounting model has been utilized to simulate the
future scenarios. A most-likely case called "Reference scenaric” has been developed based on the
prospect of current policy target achievement including the power development plan (PDP). The
current model has been designed corresponding to the available national energy database.
Furthermore, the current study also focuses on the selected issue, under the topic of "Assessment
of Renewable Energy Penetration of Power Development Plan in Thailand". An alternative scenario
with higher market penetration of renewable energy has been comparatively simulated. The result
indicate The results indicates that the incremental cost of RE-power is not significantly affect to the
cost of entire power system. On the other hand, RE-powers should not be considered as a single
dependable option for the GHG mitigation target in power sector. However, the early RE-power
project implementation will multiply the contribution of GHG mitigation in the long run. In addition,
the sensitivity analysis of carbon price indicate that the cost of RE-power would reduce to the level
of the averaged cost of country power system at carbon price approximately 100-120 EUR per ton

CO2 equivalent
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IEA International Energy Agency
IPCC Intergovernmental Panel on Climate Change
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“Thermal: Oil-fired' 700 30 35 80 38.5| 0.17 0.14 336
Thermal: Coal-
‘fired with FGD! 700 30 35 90 4200 0.29 0.17 92
Combined cycle’ 700 20 45 90 175 0N 0.09 250
Gas turbine' 230 20 35 90 91 001 0.04 250
Nuclear' 1000 30 35 90 56.0] 0.39 0.28 28
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Abstract
This paper investigates the impacts of renewable energy deployment on the overall
cost and emission for power production. A scenario-based energy accounting model
with an integrated environmental database, i.e. Long-range Energy Alternative
Planning system (LEAP), has been applied. The “reference scenario” is derived by
the most-likely projection of Thailand power generation system, based on the
national power development plan (PDP). Biomass will take the majority on
renewable energy for power generation (RE-power). The “RENW scenario” will be
set alternatively with more optimistic prospective on renewable energy progress. It
is assumed that all of the incoming proposals of RE-power in the PDP are able to
accomplish commissioning. Solar and bio-energy will play much more important
role for the future domestic supply for Thailand power sector. The results indicates
that the incremental cost of RE-power is not significantly affect to the cost of entire
power system. On the other hand, RE-powers should not be considered as a single
dependable option for the GHG mitigation target in power sector. However, the
early RE-power project implementation will multiply the contribution of GHG
mitigation in the long run.
Key words: Renewable Energy, Power Generation, GHG Mitigation, Generation
Cost, Energy Scenario
Nomenclature
Abbreviation Description
EGAT Electricity Generation Authority of Thailand
EUR The official currency of euro zone
GHG Greenhouse gases
GwP Global warming potential
IEA International Energy Agency
IPCC Intergovernmental Panel on Climate Change
LEAP Long-range energy alternative planning system
NPPs Nuclear power plants
PDP Power development plan
RE Renewable energy
REF Reference scenario
RENW Renewable energy scenario
SPP Small power producers (install capacity between 10 to 100 MW)
me?z;% 2:35 5232)31(“0' 10:025R) THB The official currency of Thai baht
éobyright @2011 by JSME VSPP Very small power producers (install capacity less than 10 MW)
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;. 1. Introduction

' Renewable energy, in particular biomass, has been one of the traditional energy sources in

Thailand for decades. Fuel wood and other biomass has been initially utilized in household sector

for cooking activities, accounted for 17.6% of total primary energy supply of the country in 1998.

The amount of renewable energy demand is continuously rising and being utilized not only for the

residential sector, but also the industrial and transportation activities. However, portion of

i renewable energy utilization for power generation in Thailand is still very small. It is accounted for

only 3.2% of total feedstock (excluding large scale hydro power) in 2007 as illustrated in Fig. 1.

Biomass is currently the major renewable energy source for power generation, while the

deployment of solar and wind power is still in the demonstration stage. However, clean energy will

play much more important role in the global power market in the long-run. Under the government

support, Thailand has a huge potential to implement the renewable energy project in the future, in
particular biomass and biogas [1], [2], [3].
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Fig.1 Fuel mix of power generation in Thailand.

The recent national power development plan (PDP), [4], has considered the option of
renewable energy. Small-scaled power purchasing scheme has been adopted to promote the
utilization of renewable energy. In this case, the Electricity Generating Authority of Thailand
(EGAT) allows to purchasing the electricity produced by small power producers (SPP) and very
small power producers (VSPP). In the PDP, only part of the electricity produced from renewable
energy is considered in the plan due to the constraint of power output instability. However, with the
development of technology and the huge potential of renewable energy in Thailand, the
opportunity to increase the utilization of renewable energy for power generation is still opened in
the long run.

In this study, the long-term impact of renewable energy penetration on the overall cost and
emission is investigated. The study is relied on the scenario-based approach. The reference
scenario is constructed on the basis of the official load forecast and the official power development
plan. The “RENW scenario” will be set alternatively with more optimistic prospective on
renewable energy penetration.
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2. Methodology

The energy-accounting model, i.e. LEAP (Long-Range Energy Alternative Planning system)
[5] is utilized in this study. 1t is generally designed for balancing the energy system with an
integrated environmental database. For the application of power generation [6], peak load
requirement can be evaluated directly by the product of electricity demand and the assigned load
duration curve. Additional capacity of power generation technology can be calculated based on the
merit order with the constraint of planning reserve margin. Primary resource is withdrawal by the
required feedstock during the transformation process. Moreover, targets of electricity import and
export are also allowed for the target planning of power purchasing in the future. As the results
total generation cost and environmental impact can be caiculated from the electricity generation
process by individual technology. The simulation structure has been summarized in Fig. 2.

- |

e  Transmission loss,
¢  System load curve

Import target

Production
requirement

s«  Exogenous capacity .L
. Invastmant cost, O&M, Fuel cost -
«  Plant characteristic: Efficiency, .| Power production

Plant factor, Lifetime, Merit order, process

feedstock share r
s Emission factor (IPCC tier 1)

GHG Overall Cost

Fig.2 Calculation scheme for power production process

In this study, the characteristics of the existing power plant technology in Thailand are
illustrated in table 1. With the variation of power generation cost, Fig. 3 shows the comparison of
the current cost assumption to the global range, summarized by the International Energy Agency
(IEA) [7].

The annual cost of power production can be calculated by the summation of annualized capital
cost, O&M and fuel cost as described above with 5% interest rate. Global warming potential
(GWP) is calculated directly from the integrated environmental database, which relies on emission
factor recommended by the IPCC [8].

Tablel. Assumption of power generation characteristics

Technical Assumption® Cost Assumption®
Technology | size 'L"':fe Efficiency c?:.’;‘t‘:':y Capital Fgm Vg:fv:’ Fuel Cost’
aw yT b “ M.THE MW THB & wh | THBMBTY
Hydro power? 1000 50 38 45| 875 004 013 0
Thermal: Oil-fired' 700 30 35 80 386 017 0.14 335
Thermal: Coal-
Hired with FGD' 700 30 35 90! 420/ 028 047 92
‘Combined cycle' 700 20 45 0] 175 011] oo9] om0
iGas turbine' 230 20 35 90 91 001 004 250
{Nuciear’ 1000/ 30 35 90| s60| 033 028 28
‘Biomass® EVERR 3 50) 49.0| 1.47] 025 107
‘Bingas® EEDR 30 50| 808| 147] 120 0
Waste® 100 30 30 50| 490, 147|025 107
Wind? 18] 2, 15 20| 566 0.82] 0.5 0
V2 5 15 15 1760, 042 003 a
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Fig.3 Comparative RE-power cost

Accuracy of the utilized simulation scheme has been verified by comparing the calculated
reserve margin with the actual data (2003 — 2008) and the official PDP revision 2 (2009 — 2021)
under the identical load forecast and exogenous installed capacity of power plants, as illustrated in
Fig. 4. It is shown that the current scheme can capture the variation of reserve margin within

margin of 5%. The deviation can be presumed by the averaged properties of power production by
generation type. '
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Fig.4 Verification of the utilized scheme compared to the actual and planned reserved margin

3. Scenarios

The Reference Scenario

The reference scenario represents the target future prospect under the pathway of current
government policy. Economic ambitious and energy security is considerably the first priority
among other key drivers. Electricity demand and fuel supply options are based on the latest official
load forecast and power development plan (PDP)

The task force of official load forecast is conducted by the Thailand Load Forecast
Sub-committee. The figure utilized in this study is based on the official load forecast released by
December of 2008. Assumptions of economic growth and energy elasticity as well as the resulting
peak power requirement for the moderated case are illustrated in Table 2.
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Table2. Assumption of GDP growth and energy elasticity by the official load forecast (Dec. 2008)

D = - ()] el - w <@ P~ o« @D i1 -

Years 2|ls|s|s|z|s|s|s5 || |&|g|¢&

™~ (Y] L] o~ o~ S ™~ ™~ &N &N ™ ~N (Y]

"GDP GR [%) 2| 3| 45| 53| 55| 55| 58| 58| 57| 56| 55 55 55
{Elasticity [-] 11| 124] 103 112 112| 11| 1.09] 1.08] 105 104 102] 1.01] 0.98
‘Peak Powver [GW]| 22.9| 239| 250| 2658| 28.2[29.9( 31.7| 33.7| 35.7| 37.7| 39.8] 42.0] 443

Capacity expansion and supply option are referred to the existing power development plan
(PDP2007 revision 2) [4], of which the increase of base-load capacity is mainly from natural gas
combined cycle, coal-fired, and nuclear power plant, expected to commissioning in 2020. The total
supply is about 51,792 MW in 2021. Electricity import is taken approximately 11% of the total
supply. Biomass and other renewable energy are also included in term of the intermediated and
peak load under the mechanism of SPP and VSPP schemes. Penetration of RE-Powers in the PDP
is illustrated in Fig.5 In this case, only firm contracts have been taken into the account. Biomass
will take the majority for renewable energy deployment in the near-term and become saturated in
the long-run due to the resource availability. In the other hand, other RE-Power technology e.g.
wind and solar are considered only 30% of the incoming proposals. This figure is based on the
presumption that large numbers of the incoming proposals could not practically allowed for the
investment due to their unreliability. Some of them would also face the duplicated resource

constraint, particularly biomass and wind power.
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Fig.5 Capacity of RE-Power in the reference scenario

The Renewable Energy Scenario (RENW)

The Renewable Energy scenario (RENW) represents future prospect of more optimistic
renewable energy utilization. It is assumed that all of the incoming RE-power proposals can
achieve their power production goal. Financial support is strong enough for investment
requirement. The constraint for system instability under the large penetration of RE-powers is
presumably minimized. The proposed capacity of RE-powers is illustrated in Fig. 6.  In this
case, biomass will still take the majority for renewable energy deployment in the near-term and
become saturated in the long-run due to the resource availability. Solar energy will play much more
important role in the long-term power system from the prospect of cost reduction. Other
RE-powers, e.g. biogas, waste and wind energy are account for a few percent of RE-power due to

the resource availability.
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Fig.6 Capacity of RE-Power in the RENW scenario

The missing dependable capacity due to RE-powers penetration has been replaced by the
conventional combined cycle gas turbine technology in order to keep the reserve margin to the
same level of the reference case. The remainder parameters, such as load forecast, new
construction of coal-fired and nuclear power plant as well as the import capacity, are kept identical
with the reference case.

4. Results

The contribution of power generation cost for the RENW compared to the REF case is
illustrated in Fig. 7. The result shows that RE-powers will significantly lift up the investment cost,
while the fuel cost will be reduced. This leads to the rising of 0.09 THB/kWh for the total annual
generation cost and 0.88 THB/kWh for the cumulative term in 2021. It must be noted that the
financial parameters, e.g. impact of inflation rate and purchased power scheme, are not taken into
the account. In the other hand, RE-powers will significantly reduce the GHG emission level
compared to the REF scenario as illustrated in Fig.8. The result also indicates that the contribution
of GHG mitigation by RE-powers is accounted for approximately 75 percent equivalent to the
GHG mitigation by the 2000 MW of NPPs in 2021. However, the early RE-power project
implementation will multiply the contribution of GHG mitigation in the long run as illustrated in
Fig. 8 (b).

With the progressive development of carbon trading scheme, the total cost will be inevitably

influenced by carbon price uncertainty in the future. Sensitivity of generation cost plus ¢mission
cost in term of carbon price has been illustrated in Fig. 9. The result shows that total cost of
RE-powers will have negative effect on the rising of carbon price. The cumulative cost betwecn the

RENW and REF scenario will reach to an equivalent level at the carbon price around 100 - 120
EUR/ton.
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5. Conclusions

In this study, the impact of RE-powers penetration on the overall cost and GHG emission has
been investigated. The results indicated that although full potential of RE-power has been adopted,
the incremental cost of power production is quite small. This is similar to the GHG mitigation
aspect. The contribution of GHG mitigation from the deployment of 8000 MW of RE-powers in
the RENW scenario is accounted for only 75 percent of the GHG mitigation by 2000 MW of NPPs
in 2021.

From the results, it is clearly seen that the incremental cost of RE-power is not significantly
affect to the cost of entire power system. On the other hand, RE-powers should not be considered
as a single dependable option for the GHG mitigation target in power sector. However, the early
RE-power project implementation will multiply the contribution of GHG mitigation in the long
run. Furthermore, other options such as NPPs and energy efficiency programs or even clean coal
technology should be inevitably taken into the integration scheme.
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