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ABSTRACT

A study on Pranburi Pumped Storage Project at Prachuabkirikhan Province was
conducted to evaluate the potential of pumped storage hydro power plant development based on a
concept of Clean Development Mechanism (CDM). Carbon credits from the project can support
in two ways: improving the financial flow; and reducing greenhouse gas emissions to the
atmosphere. The result of economic indicator comparing between CDM project and non CDM
project revealed that the CDM project is more feasible. The study found that the installation of 2

units of generator with 250 MW each will generate the electricity to transmission system about
555.41 GWh per year. Moreover, the project will help to reduce CO, emissions to the atmosphere

in the amount of 50,097.98 tCO,-eq. Such amount will be able to use for carbon trading and gain
the annual revenue of 17.53 Million Baht to the project. However, there is some expense for
pumping the water to the upper storage area; it is higher than the energy tariff. Even though
additional revenue from carbon trading can be gained, the project could not be implemented by
the Independent Power Producer (IPP) due to the rated energy tariff by the government. From the
economic point of view, the project can gain benefit cost ratio (B/C) at 1.58, Net Present Value
(NPV) at 4,274.41 Million Baht, and Internal Rate of Return (IRR) at 7.94 % for energy tariff at 7

Baht/unit.
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MW Megawatt

kWh Kilowatt-hour

GWh Gigawatt-hour

KV Kilovolt

Hz Hertz

rpm Round per Minute

km Kilometer

Km’ Square Kilometer

MCM Million Cubic Meter

CDM Clean Development Mechanism
PDP Power Development Plan
PDD Project Design Document
IRR Internal Rate of Return

B/C Benefit/Cost Ratio

NPV Net Present Value

CDM EB CDM Executive Board

CERs Certified Emission Reduction
DOE Designated Operational Entity
oM Operating Margin

BM Build Margin

CM Combined Margin
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2529 4,180.90 302.50 7.80 24,779.53 1,422.96 6.09
2530 4,733.90 553.00 13.23 28,193.16 3,413.63 13.78
2531 5,444.00 710.10 15.00 31,996.94 3,803.78 13.49
2532 6,232.70 788.70 14.49 36,457.09 4,460.15 13.94
2533 7,093.70 861.00 13.81 43,188.79 6,731.70 18.46
2534 8,045.00 951.30 13.41 49,225.03 6,036.24 13.98
2535 8,876.90 831.90 10.34 56,006.44 6,781.41 13.78
2536 9,730.00 853.10 9.61 62,179.73 6,173.29 11.02
2537 10,708.80 978.80 10.06 69,651.14 7,471.41 12.02
2538 12,267.90 1,559.10 14.56 78,880.37 9,229.23 13.25
2539 13,310.90 1,043.00 8.50 85,924.14 7,043.77 8.93
2540 14,506.30 1,195.40 8.98 92,724.66 6,800.52 7.91
2541 14,179.90 -326.40 225 92,134.44 -590.22 -0.64
2542 13,712.40 -467.50 -3.30 90,413.99 -1,720.45 -1.87
2543 14,918.30 1,205.90 8.79 96,780.72 6,366.73 7.04
2544 16,126.40 1,208.10 8.10 103,165.20 6,384.48 6.60
2545 16,681.10 554.70 3.44 108,382.46 5,217.26 5.06
2546 18,121.40 1,440.30 8.63 116,669.98 8,280.70 7.64
2547 19,325.80 1,204.40 6.65 121,364.00 4,694.02 4.02
2548 20,537.50 1,211.70 6.27 128,973.34 7,609.34 6.27
2549 21,064.00 526.50 2.56 132,279.71 3,306.37 2.56
2550 22,586.10 1,522.10 7.23 141,838.34 9,558.63 7.23
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wnzina % AU %
2543 14,918.30 1,205.90 8.79 98,536.85 7,105.23 7.77
2544 16,126.40 1,208.10 8.10 103,868.65 5,331.80 541
2545 16,681.10 554.70 3.44 111,299.74 7,431.09 7.15
2546 18,121.40 1,440.30 8.63 118,378.22 7,078.48 6.36
2547 19,325.80 1,204.40 6.65 127,457.04 9,078.82 7.67
2548 20,537.50 1,211.70 6.27 134,826.98 7,369.94 5.78
2549 21,064.00 526.50 2.56 142,004.68 7,177.70 5.32
2550 22,586.00 1,522.00 7.23 148,073.00 6,068.00 4.27
2551 23,957.00 1,371.00 6.07 156,335.00 8,262.00 5.58
2552 25,225.00 1,268.00 5.29 164,774.00 8,439.00 5.40
2553 26,635.00 1,410.00 5.59 173,835.00 9,061.00 5.50
2554 27,996.00 1,361.00 5.11 182,618.00 8,782.00 5.05
2555 29,625.00 1,629.00 5.82 193,258.00 10,640.00 5.83
2556 31,384.00 1,759.00 5.94 204,844.00 | 11,586.00 6.00
2557 33,216.00 1,832.00 5.84 216,949.00 | 12,105.00 5.91
2558 35,251.00 2,035.00 6.13 230,370.00 | 13,421.00 6.19
2559 37,382.00 2,131.00 6.05 244,365.00 13,996.00 6.08
2560 39,560.00 2,178.00 5.83 258,657.00 14,291.00 5.85
2561 41,795.00 2,235.00 5.65 273,387.00 14,730.00 5.69
2562 44,082.00 2,287.00 5.47 288,404.00 15,017.00 5.49
2563 46,481.00 2,399.00 5.44 304,15400 | 15,750.00 5.46
2564 48,958.00 2,477.00 5.33 320,376.00 16,223.00 5.33
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Francis Turbine Type

N B
pEAR AT B

Unterwasserbereich

Rechanmsinigurigsanlage 9

Stauzinl 240,00m

Hauptmaschinensats:
it Kaplan- Turbine

71 23 uaasn AUV IaEieu (Reaction Turbine)

Y ]
Y o =}

mInasanwiaveunisenaiuiuiei il lumsanur Tasens Jaa lldngs

9
@ an o J

g’ [V 1 <3 oy A a o Y o a =
Huugunay muﬂummauﬂﬂmui NIAYTLIVATIUT WU hlﬂﬂWluuﬂWiﬁﬂ’H'l
=) = 4’ 4 L3 05' 1 U dgl
WFauneuvIAU0ATBINIH U VYHIAANE] ANY
HUUN 1 Vertical shaft, Francis type, Reversible pump turbine Y119 230 MW
UUUAN 2 Vertical shaft, Francis type, Reversible pump turbine Y419 240 MW Liag
HUUAN 3 Vertical shaft, Francis type, Reversible pump turbine Y419 250 MW

=

v Y E4 ]
Tagidnuazvedlasenis Ise i mdaihuuugundy srafuindouslsias

q
Y

[ @ v 1 v J @ g ' J <] :j 1 I o
N‘Vi’mﬂizﬂ’mﬁ?ﬂmﬁ ﬁﬂ')'liJ@nQﬁﬂﬂ"UfNizﬂUL!'l FENINDNNUUINDUUU HLASDNUNUUN

9
aouan Indifsanudnbazvedlasims lseIdihwduhdezaesuugundn veams T



20

1 a ] a 4 v o { g a o
thowaausslszinalne Teiinsanden inFosnaiunuui 3 Fadusiauaziauanyus

= [ (% 09} o g
Reanuved e lihmduihdwgaesuuugundy

ada
2.2 nqug NIt
a d o v ?:’
2.2.1 msdmnzvidnamnwInihndaihvedasims
Y Y v
dnenn lWihmaaihwesTasenmsles szdundsamlsuani tazanugeai

Y 9 9
winasndsziiulsnanit taganugaild mssaa lrlihonndai vazwasau T

E4
v A

] Y
dmsulnnemsguihngy annsadum laasi

po YQHnanr ey .1)
1,000
p= M iy 2.2)
1,000mz
W =PT (2.3)
e P = madlnih e kw

w = wisan lnlihitnda 18 wiae kwn
y = AU Iz veth min kg/m’
Q =853 Tnaveari1 wine mYsee

H = mmqwmﬂa M8 m

1. = Uszdniamveunieasuiialvih
n,.= sz Ansamveuniosfaini
n,= ﬂizﬁwﬁmwmmm%“mqu%

T =szeznanius Iualumswaa i wiae b

2.1.1.1 mswif3mnanim sazifSmanimain srunuineuais
a Jd a g’ ' a g’ 4 o a @ 4
m3amszdlsuanihm vazlsmaniman o deyamnonsanmvaninua
a va ' <} g} o @ a oy A '
msUfiamseranuii wazgeonuuu sl TasihdeyannaniiiadSuaniminedlnd

o A a’/‘ & A t4 ) A =< Y o v A A o a
ﬂ‘Uﬁ]ﬂ1/]@']\1Tﬂ5\1ﬂ1§GINNﬂ??ﬂﬁuﬂimﬂl@ﬂm@ﬂﬁﬂ’lﬂﬂﬁﬂ %QllﬂVI'Iﬂ'liﬂﬂlﬁﬂﬂﬁﬂ']‘L!'J@ﬂiiﬂﬂl

Q U ] q

v
1 = A o 2

g‘ 9 1 [ o A I ~ @
u’]Vnﬂaﬂﬂf!fJﬂ‘]J’]uIﬂﬁﬂﬁgﬁﬂ UNBNYLT NIAUTLIIVATUIUT L‘]J‘L!ﬁﬂ'lu‘ﬁaﬂﬁluﬂ']i

3

=

o a 09/ ! A = o 1 ti' Qall
Muamidsunanhmnanou uazsetngs voIdumUInalasams



21
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47

s Y
' ]

[ Y
M137199 4.2 yaasmduilssansihmuisnusiiavesguii

%ﬁmmﬁ?uﬁtjmﬁﬁ ANUANGY C
Lawns : Sandy Soil <2% 0.05-0.10
Sandy Soil 2 % < Slope <7 % 0.10-0.15
Sandy Soil >7% 0.15-0.20
Heavy Soil <2% 0.13-0.17
Heavy Soil 2 % < Slope <7 % 0.18-0.22
Heavy Soil >7% 0.25-0.35
Residental Area 0.25-0.50
Unimproved Area 0.10-0.30

137: The American Society of Civil Engineers (ASCE)
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Turbine / Pump
Type - Vertical Shaft Francis Type Reversible Pump Turbine
- 3 Phase AC Synchronous Generator - Motor
Number of units 2
Rating Output 278 MVA (Gen.) / 277 MW (Mot.)
Voltage 16.5kV
Frequency 50 Hz
Generating
Max. Discharge (m’/s) 82.5
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Effective Head (m) 357
Max. Output (MW) 255
Revolving Speed (rpm) 375
Pumping
Max. Discharge (ms/s) 71.4
Effective Head (m) 409
Max. Input (MW) 277
Revolving Speed (rpm) 375
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94013 2.57 4.90 2.67 2.22
WS 2.57 4.79 2.67 2.12
noWa 2.57 4.69 2.67 2.02
ans 2.70 4.72 2.67 2.05
RaH 2.83 4.87 2.67 2.20
21nd 2.83 5.03 0.00 5.00
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A13199 4.6 uaaId uIuF Tnamaaunsos luuaaz u

3 SLOTNGUNT szoznawaanszua I
" (Hr) (Hr)
ung 0.00 450
9413 5.00 4.50
WS 5.00 4.50
novd 5.00 4.50
any 5.25 4.50
Rk 5.50 4.50
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#n31M3 Ina
i 142.80 165.00
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94A13 4.50 1,775.28
W5 4.50 1,775.28
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LAt 4.50 1,775.28
g 0.00 0.00

o @ { a 1T W J 1w
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Mdamaanszua i 349,091.34  kw
o)t FrTuaAunsog nUIHAN (MWh)
ung 0.00 0.00
99A13 5.00 1,745.46
W5 5.00 1,745.46
wovd 5.00 1,745.46
ans 5.25 1,832.73
3 5.50 1,920.00
91nd 5.50 1,920.00

Sundnunraa lddedlant midu 1091 GWh

uundsnunranldasil whnu 568.83 GWh
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A wear.
318013 wmamsﬂ
2548 2549 2550
W
OM Factor (tCO,/MWh) 0.0009 0.0009 0.0003 | NCV =42.62 GJ/Ton
BM Factor (tCO,/MWh) 0.0202 0.0202 0.0202 | EF =0.0202 tCO,/GJ
I | 0.0105 0.0105 0.0103
Y v a
HINUAIBA
OM Factor (tCO,/MWh) 0.0002 0.0001 0.0000 NCV =42.62 GJ/Ton
BM Factor (tCO,/MWh) 0.0202 0.0202 0.0202 | EF =0.0202 tCO,/GJ
| 0.0102 0.0101 0.0101
anlua
OM Factor (tCO,/MWh) 0.0425 0.0386 0.0377 | NCV =12.41 GJ/Ton
BM Factor (tCO,/MWh) 0.0276 0.0276 0.0276 EF =0.0276 tCO,/GJ
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3 0.0701 0.0662 0.0653
MUEIINTIA
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Methodological tool

(Version 01)

“Tool to calculate the emission factor for an electricity system”

1. DEFINITIONS, SCOPE, APPLICABILITY AND PARAMETERS

Definitions
For the purpose of this tool, the following definitions apply:

- Power plant/unit. A power plant / unit is a facility for the generation of electric power.
Several power units at one site comprise one power plant, whereby a power unit
characterizes that it can be operated independently of the other power units at the same
site. Where several identical power units (i.e. with the same capacity, age and efficiency)
are installed at one site, they may be considered as one single unit.

- Net electricity generation refers to the difference between the total quantity of
electricity generated by the power plant / unit and the auxiliary electricity consumption of
the power plant / unit (e.g. for pumps, vans, controlling, etc).

- Grid / project electricity system is defined by the special extent of the power plants that
are physically connected through transmission and distribution lines to the project
activity (e.g. the renewable power plant location or the consumers where electricity is

being saved) and that can be dispatched without significant transmission constraints.

Scope and applicability

This methodological tool determines the CO, emission factor for the displacement of electricity
generated by power plants in an electricity system, by calculating the “operating margin” (OM)
and “build margin” (BM) as well as the “combine margin” (CM). The operating margin refer to a
cohort of power plant that reflect the existing power plants whose electricity generation would be
affected by the proposed CDM project activity. The build margin refers to a cohort of the power
units that reflect the type of the power units whose construction would be affected by the

proposed CDM project activity.
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This tool may be referred to in order to estimate the OM, BM and/or CM for the propose of
calculating baseline emissions for a project activity substitutes electricity from the grid, i.e. where
a project activity supplies electricity to a grid or a project activity that results in savings of
electricity that would have been provided by the grid (e.g. demand-side energy efficiency
projects). Note that this tool is also referred to in the “Tool to calculate project emissions from
electricity consumption” for the purpose of calculating project and leakage emissions in case
where a project activity consumes electricity from the grid or results in increase of consumption

of electricity from the grid outside the project boundary.

Parameters

This tool provides procedures to determine the following parameters:

Parameter SI Unit Description

EF iaom.y tCO, /MWh | Combined margin CO, emission factor for grid connected power

generation in year y.

EF i Bm.y tCO, /MWh | Build margin CO, emission factor for grid connected power

generation in year y.

EF 4 oM.y tCO, /MWh | Operating margin CO, emission factor for grid connected power

generation in year y.

No methodology-specific parameters are required.

2. BASELINE METHODOLOGY PROCEDURE

Project participants shall apply the following six steps:

STEP 1. Identify the relevant electric power system.

STEP 2. Select an operating margin (OM) method.

STEP 3. Calculate the operating margin emission factor according to the selected method.
STEP 4. Identify the cohort of the power units to be included in the build margin (BM).
STEP 5. Calculate the build margin emission factor.

STEP 6. Calculate the combine margin (CM) emissions factor.
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Table 1-1
IPCC Reference Approach
Entries and calculations for step (3) to (6)
(8) 9) (10) (11) (12) (13) (14)
Apparent Carbon Carbon | Carbon Net Actual Actual CO,
FUEL Consumption| Emission Content| Stored Carbon Carbon Emissions
(T3) Factor GgC (Gg C) | Emissions | Emissions| (Gg CO,)
(t¢/13) (Gg © (Gg )

A) Liquid Fossil Sum Sum Sum Sum Sum Sum
Primary Fuels
1) Crude Oil CalC 20.0 CalC CalC CalC CalC
2) Orimulsion CalC 22.0 CalC CalC CalC CalC
3) N. Gas Liquids CalC 17.2 CalC CalC CalC CalC
Secondary Fuels/Products
4) Gasoline CalC 18.9 CalC CalC CalC CalC
5) Jet Kerosene CalC 19.5 CalC CalC CalC CalC
6) Other Kerosene CalC 19.6 CalC CalC CalC CalC
7) Shale Qil CalC 20.0 CalC CalC CalC CalC
8) Gas/ Diesel oil CalC 20.2 CalC CalC CalC CalC
9) Residual Fuel Oil CalC 21.1 CalC CalC CalC CalC
10) LPG CalC 17.2 CalC CalC CalC CalC
11) Ethane CalC 16.8 CalC CalC CalC CalC
12) Naphtha CalC (20.0) CalC CalC CalC CalC
13) Bitumen CalC 22.0 CalC CalC CalC CalC
14) Lubricants CalC (20.0) CalC CalC CalC CalC
15) Petroleum Coke CalC 27.5 CalC CalC CalC CalC
16) Refinery Feedstocks CalC (20.0) CalC CalC CalC CalC
17) Other oil CalC (20.0) CalC CalC CalC CalC
B) Solid Fossil Sum Sum Sum Sum Sum
Primary Fuels
18) Anthractie(C) CalC 26.8 CalC CalC CalC CalC
19) Coking Coal CalC 25.8 CalC CalC CalC CalC
20) Other Bid. Coal CalC 25.8 CalC CalC CalC CalC
21) Sub Bid. Coal CalC 26.2 CalC CalC CalC CalC
22) Lignite CalC 27.6 CalC CalC CalC CalC
23) Oil Shale CalC 29.1 CalC CalC CalC CalC
24) Peat CalC 28.9 CalC CalC CalC CalC
Secondary Fuels
25) BKB & Parent Fuel CalC (26.8) CalC CalC CalC CalC
26) Coke Oven/Gas Coke CalC 29.5 CalC CalC CalC CalC
C) Gaseous Fossil Sum Sum Sum Sum
27) Natural Gas (Dry) CalC 15.3 CalC CalC CalC CalC
Total (e) Sum Sum Sum Sum Sum Sum
Information Entries
Biomass Total Sum Sum Sum Sum Sum
28) Solid Biomass CalC 29.9 CalC CalC CalC CalC
29) Liquid Biomass CalC (20.0) CalC CalC CalC CalC
30) Gas Biomass CalC (30.6) CalC CalC CalC CalC
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Table 1-2
1990 Country-Specific Net Calorific Values for Selected Non-OECD Countries

(Terajoule per kilotonne)

Poland Qatar Romania Russia Saudi Senegal Sing- South South Slovak Sri
Arabia apore Africa Korea Replublic lanka
Qil
Crude Oil 41.27 42.87 40.65 42.08 42.54 42.62 42.71 4413 4271 41.78 42.16
NGL - 43.00 - - 42.62 - - - - - -
COAL
Hard Coal
Production 22.95 - 16.33 18.58 - - - 25.09 19.26 - -
Imports 29.41 - 25.12 18.58 - - 27.21 23.92 25.75
Exports 25.09 - - 18.58 - - - 25.09 - - -
Lignite and Sub-Bituminus Coal
Production 8.36 - 7.24 14.65 - - - - - 12.26 -
Imports - . 7.24 14.65 - - - - - - -
Exports 9.00 - = 14.65 - - - - - 15.26 -
Coal Products - - = - - - - - - - -
Patent Fuel/BKB 20.93 - 14.65 29.31 - - - - - 21.28 -
Coke Oven/Gas Coke 27.76 - 20.81 25.12 - - 27.21 - - 27.01 -
Sudan Syria Chinese Tajik- Tanz Thai- Trini- Tunisia  Turk- Ukraine Utd
Taipei istan ania land Dad/ Meni- Arub
Tobago stan Emir-
ates
Qil
Crude Oil 42.62 42.04 41.41 42.08 42.62 42.62 42.24 43.12  42.08 42.08 42.62
NGL - - = - - 46.85 2 43.12 - - -
COAL
Hard Coal
Production - - 25.96 18.58 25.75 - - - - 21.59 -
Imports - = 27.42 18.58 - 26.38 = 25.75 18.58 25.54 -
Exports - = - 18.58 - - = - 18.58 21.59 -
Lignite and Sub-Bituminus Coal
Production b B - - - 12.14 - - - 14.65 -
Imports - - - 14.65 - - - P 14.65 14.65 -
Exports - - - 14.65 - - - = 14.65 14.65 -
Coal Products
Patent Fuel/BKB - - - 29.31 - - - - 29.31 29.31 -
Coke Oven/Gas Coke - - - 25.12 27.21 27.21 = 27.21 25.12 25.12 -

Note: A few of this countries have become OECD members subsequent to the production of this table.

Crude NCVs are based on weighted average production data.

The NCVs are those used by the IEA in the construction of energy balances.

Sources: OECD/IEA, 1993b.
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