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O 2.3-1 Actual Installed capacity and Peak Demand (2006-2010)
Year 2006 2007 2008 2009 20_10
(estlmate)
Capacity 12,270 | 13,513 | 15,697 | 18,201 | 21,163
Peak Demand 10,187 | 11,286 | 12,636 | 13,867 | 16,048
Reserve 20.4% 19.7% 24..2% 31.3% 31.9%
Source: IE
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0 2.3-2 Power development plan in PDP-VII (Draft January 2011)
Year 2011 2015 2020 2025 2030
0) Total 115,777 194,303 329,412 489,621 695,147
S [Hydro (- SPPs) 37,553 54,381 59,989 59,833 57,572
3 Coal thermal 25172 71,055 174,615 265,248 428,695
§ Gas/Oil 48,420 58,683 73,177 93,512 91,528
B Small Hyd.+new energy 1,970 5,325 8,894 12,976 13,343
S [NPP 0 0 4,879 40,197 75,235
Z |[Import 2,662 4,860 7,858 17,856 28,775
Peak Load (MW) 18,406 30,803 52,040 77,084 110,215
Capacity (MW) 24,607 43,132 70,115 98,010 137,780
Reserve 33.7% 40.0% 34.7% 27.1% 25.0%
(Dry season) (22.1%) (20.1%) (20.0%)

o |Hydro (- SPPs) 10,631 14,283 17,987 19,857 21,057
8 [Coal thermal 4,185 15,515 32,535 45,190 77,310
§_ Gas/Oil 8,362 10,582 13,625 17,525 17,525
f\ Small Hyd.+new energy 511 1,679 3,129 4,829 4829
g NPP 1,000 6,000 10,700
~ |Import 918 1,073 1,839 4,609 6,359
Total 53.7% 51.4% 53.6% 57.0% 57.6%

> Hydro (- SPPs) 40.3% 43.5% 38.1% 34.4% 31.2%
Q<) Coal thermal 68.7% 52.3% 61.3% 67.0% 63.3%
o |Gas/Qil 66.1% 63.3% 61.3% 60.9% 59.6%
% Small Hyd.+new energy 44.0% 36.2% 32.4% 30.7% 31.5%
= [NPP - - 55.7% 76.5% 80.3%
Import 33.1% 51.7% 48.8% 44.2% 51.7%

Source: IE (2011.2)
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O 2.3-3 Result of annual CO, emission of coal-fired thermal power plants

Year 2011 2015 2020 2025 2030
C0, (1,000tons) Total 26,802 72,938 | 178,098 | 269,334 | 434,964
EVN 20,290 38,457 81,820 | 109,206 | 183,003
Coal fuel consumption Total 13,002 35,404 86,396 | 130,655 | 211,003
(1000tons) EVN 9,843 18,656 39,691 52,976 88,776
Generation by fossil fuel Total 25,172 71,055 | 174,615 | 265,248 | 428,695
(GWh) EVN 18,747 36,990 79,622 | 107,258 | 180,099
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0 3.2-1 Boiler type and scale adherence standards

Pressure ; Amount of scale
Output thickness
) Type Fuel - Class (nicrons) adherence
- Scale 0 mg/cm?(]
375 Forced circulation LNG critical 200 45
375 Forced circulation Heavy_ critical 200 45
crude oil
375 Natural circulation Heavy_ Critical 232 52
crude oil
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Step-1 Preliminary study Specimen taken from the pipe, scale examination, and
! liquefaction test

Step-2 Preliminary work Examination of chemicals, installation of provisional
! equipment and piping

Step-3 Chemical washing Filling of the boiler with water, temperature increase,
! injection of chemicals, washing, cooling, rinsing with

water, interior inspection, final rinsing with water
Step-4 Post-washing work Removal of the provisional equipment and piping, and
treatment of the waste liquid
O 3.2-1 Flow of chemical washing of boilers
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Temperature Rate of unburnt

Gas flow rate Particle tracks deistribution Oxygen density carbon
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Light Product Heavy Product

&?i Coal No. 5 8 S. = Low Ash Coal = Hi Ash Coal

Wt % | Ash % § & Wt% | Ash % | Wt % | Ash %
Uong Bi area 100 30 :> 3 66 13 34 66
Cam Pha area 100 30 & g 76 12 24 80
Average 100 30.0 71.0 12.5 29.0 71.8
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0 3.3-2 0oboobooooooooooooooooooo

Base Line . .
. Project Scenario
Scenario Remarks
30% 25% 20%
Coal Mine Product kg 522 514 512 65 kwh/t **
Feed kg 514 512 10 kWh/t *?
Coal Preparation Low-Ash Coal kg 463 415
Plant (Yield) % 90 81 Table 3.4-2
Hi-Ash Coal kg 51 97 |1.052 kwh/t km **
Transportation Fuel Coal kg 522 463 415 0.566 kWh/t km **
Generated Energy | kWh 1,000 1,000 1,000
Power Plant - -
Ash Disposal kg 174 129 92 1.052 kWh/t km *3

U 1200 0booboownnecdbob }cicb@boboobooooobooo 1998 0

g 3bobobooboooomoooooboobobob 20000

O 40000000000D0000DO0O0OODOOOCMOOOODOOO0ODOOODOD ODOOO
00 00.08kwh/t kmO 50%0 O O OO O 1.052kWwh/t kmO 50%0 O O O

(@ 0000Db0o0bOO00DOOo0DbOOO0OOOOoDOOobOOODoco,bceH,ONeO

0 3330000000 eeHchonounooobgoogapccoonoonoonoonoonoono
O1,000kvhOO0000O00DOOOOOOOC,ODOOOO0OOO0DOOODOODbOOODOO
gboboooooooooooooobogo 2% 00b0b0b0obobobo 200000
gbobooboooobooooooooooobooooooo coooooooooooon
goboobogn

goooo wioooooooooooooooo e onooooooogonoonogong
gboboboboboboobobobobobobbooboobooboobooboOoooog co2
ubbogobuoobbooboobobod

0 3.3-3 GHGO OO

Base Line . .
. Project Scenario
Emission Factor Scenario
3 MJ/kWh

(10 kg-CO2/MJ) Ash=30% Ash=25% Ash=20%
Kwh kg-CO2 Kwh kg-CO2 Kwh kg-CO2
Coal Mining 75+0.004*21+0.002*310 33.930 | 28.460 | 33.410 | 28.024 | 33.280 | 27.915
Coal Plant Operation (Ref. %1) 5.140 4.112 5.120 4.096
Preparation |Trans. of Refuse |56.1+0.61*21 11.08 0.107 0.082 0.204 0.156
Trans. of Coal 75+0.006*21+0.002*310 17.727 | 14.878 | 15.723 | 13.196 | 14.093 | 11.828
Ash Disposal 56.1+0.61*21 1.830 1.398 1.357 1.036 0.968 0.739
Total 44.736 46.451 44.734

1) 0.8t-CO2/MWH
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High Ash = High CO,/uH.v.
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= Same
Organic O.(;,Ioal
coal Same
CHONS CoO,

Low Ash = Low CO,/uH.v.

Organic
coal

CHONS

i
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2.3.20000 co,000DODODODODODODODODODODODODOOOO co,00O
0000000000000 00dDDoDO00DO0O0DOd NinhBinhOOOOPha LaiOOO0d
0000000000000 000000000oooOnD Iwdoooooono 35%0 20
000 31.5%0000000000000000 Status quo caselT]

do0dodo00b0DOO0ooodooobO0DoDooDUOooooO0DOoooooooOooDoOg20
O000o0oooooooooswoomoooooooooooboooooooooooog
0000000000000 00000000 SO O0DOO00OO0DOO0Od Improved OM casel[T
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.1-1 Total amount of reduction of CO2 emission and coal fuel consumption (Total)
Item Total (2011-2030)
Status quo case (A) 3,982,387
CO, (1000tons) Improved OM case (B) 3,917,148
A)-(B) 65,239
i Status quo case (A) 1,931,870
Coal fuel consumption
Improved OM case (B) 1,900,223
(1000tons)
A)-(B) 31,648

ooooooooon

EWwoOooooooooooooboooo 4.1-200000000000

gboooobo 3 usooooooooooooooooooooooooooooooooo2o
oboob 406,280 0SO00000O00

0 4.1-2 Total amount of reduction of CO, emission and coal fuel consumption (EVN)

Item Total (2011-2030)
Status quo case (A) 1,774,798
CO, (1000tons) Improved OM case (B) 1,743,040
A)-B) 31,758
i Status quo case (A) 860,961
Coal fuel consumption
Improved OM case (B) 845,555
(1000tons)
(A)-(B) 15,406

4.1.2 J00O0O0O0OO0O0OO0OOoOoOoOooDg

23.20 000000001200 000000000000O0O0O 30 00D 3% 00
gbooooooobobobobobob 2015000000000000000 4000000
oboooooooooo4wdbobob 4.1-30000

0 4.1-3 Result of annual CO, emission of coal-fired thermal power plants (40% case)

Year 2011 2015 2020 2025 2030
C0, (1,000tons) Total 26,802 69,509 | 162,381 | 242,561 | 387,086
EVN 20,290 37,509 76,063 | 100,186 | 164,490
Coal fuel consumption Total 13,002 33,719 78,772 | 117,667 | 187,777
(1000tons) EVN 9,843 18,196 36,899 48,601 79,795
Generation by fossil fuel Total 25,172 71,055 | 174,615 | 265,248 | 428,695
(GWh) EVN 18,747 36,990 79,622 | 107,258 | 180,099

codbpbboboboboooboooossskwb o4O onooog 4.1-40
00 4.1-5[17
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0 4.1-4 Total amount of reduction of CO, emission and coal fuel consumption(Total)

Item Total (2011-2030)
35% case (A) 3,855,252
CO, (1000tons) 40% case(B) 3,495,177
A)-(B) 360,075
i 35% case (A) 1,870,197
Coal fuel consumption
40% case(B) 1,695,523
(1000tons)
A-(®) 174,674

O 4.1-5 Total amount of reduction of CO, emission and coal fuel consumption(EVN)

Item Total (2011-2030)
35% case (A) 1,713,015
CO, (1000tons) 40% case(B) 1,581,312
®-®) 131,703
i 35% case (A) 830,990
Coal fuel consumption
40% case(B) 767,100
(1000tons)
M-B) 63,890
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« HRODDOOMWO) 0.02 OwOO
« OO HR(kcal/kih) 000020090000
« 0000 (L.-H.V)(kcal/kg) 5,000

ubooooobogoaoo
O00DOOo@DbOO0O) DOoOobDboOobOOO0OxOoOobOoOoO0o+WwOOOOo/1o000
x OOOHROx OOOO0OO0 Mo/ DOOODO  L.H.V kcal/kgd

U 4.2-1 0000000 O0OOO0OOO0OOOOO0OOOOOOOObOO00OO00DO

Plant UNnoit OL(HM:VF\)I;t (kcGa-Il-ll-kF\{Nh) He&tc ;‘IO)SS Conscuom&::tion Em iCsoszion
] (kg) (ko)

1 25 3,130 469,500 93.9 194

Ninh Binh 2 25 3,100 465,000 93.0 192
3 25 3,100 465,000 93.0 192

4 25 3,125 468,750 93.8 193

1 110 2,530 | 1,670,044 334.0 689

Pha Lai O 2 110 2,360 | 1,557,600 311.5 643
3 110 2,398 | 1,582,475 316.5 653

4 110 2,509 | 1,656,263 331.3 683

Pha Lail] 5 300 2,043 | 3,676,644 735.3 1,517
6 300 2,087 | 3,756,420 751.3 1,550

Jong Bi 5 55 3,638 | 1,200,454 240.1 495
6 55 3,635 | 1,199,464 239.9 495

™c0o, emission factor: 98,538kg-C02/TJ
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ugbooboooboobooobobooobooo
OoboDbO0oOo 4220000000000 0000C00O0OODOOCOPHa lal N OOOODO
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0 4.2-2 ODO0obOOoOO0ooOooOOooooooooon

Coefficience to

Generating End Efficiency other

Boiler Efficiency (%)

er X .
Plant Unit Efficiency (%) thar.'n !30|Ier
Efficiency
A B c _
Actual Design Actual b=A/C
1 21.29 90.1 82.39 0.258
o 2 21 90.1 83.1 0253
Ninh Binh TPP 3 23.02 90.1 83.66 0275
4 21.43 90.1 81.44 0.263
1 28.3 86.06 85 0333
. 2 30 86.06 84.8 0.354
Pha Lai 1 TPP 3 29.09 86.06 85 0.342
4 2857 86.06 84.4 0.339
. 5 35.18 88.5 84.8 0.415
Pha Lai Il TPP 6 35.42 885 84.9 0417

. . Improvement of | Boiler Efficiency | Generating End
Deteriorated Boiler

- | Effici %) Boiler After Efficiency After

Plant Unit iciency 1% Efficiency (%) |Improvement (%) |Improvement (%)
E=B-C F=E*03 G=C+F H=D*G

1 771 231 84.70 2189

o 2 7.00 210 85.20 2153

inh Binh TPP 3 6.44 1.93 85.59 23.55

4 8.66 2.60 84.04 2211

1 1.06 0.32 85.32 2841

. 2 1.26 038 8518 30.13

Pha Lai 1 TPP 3 1.06 0.32 85.32 29.20

4 1.66 0,50 84.90 28.74

5 3.70 111 8591 35.64

Pha Lai Il TPP 6 3.60 1.08 85.98 35.87
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™Co, emission factor: 98,538kg-C02/TJ

(0 0o0ooboobboOooooo
gbobooboboobobuoobobooooboooboboooboobobooboboonoobooo
gbbooobodgboboobbuodboobbooboobobooboobbooboobbod
oobobooobooooboogonNnhBInhOOOOO Unit-100000000000000O

Heat Heat
Heat Comsumprion Comsumprion . Generated
Consumption .
Before Improvement After Differennce Electricity
. (kcal/kWh) Improvement (MWh/year)
Plant Unit (keal/KWh) (kcal/kWh)
K=
J= L M (5 Year
3600,/4.1869,/A%100 | 3600/ t_égeg/ el L=Jd-K Average)
1 4,038.63 3,928.44 110 193,807
. ) 2 4,094.40 3,993.58 101 187,354
Ninh Binh TPP 3 3,735.12 3,650.90 84 185,736
4 4012.25 3,888.30 124 177,485
1 3,038.25 3,027.00 11 692,347
) 2 2,866.08 2,853.43 13 652,255
Pha Lai 1 TPP 3 2,955.74 2.944.79 11 737,340
4 3,009.54 2,991.95 18 664,810
) 5 2,444.07 2,412.55 32 2,137,675
Pha Lai Il TPP 6 2,42751 2,397.08 30 2,182,308
Heat Consumption Coal . CO, Emission
. Consumption :
Differennce . Difference
(kcal/year) Differenece (t/year)®
Plant Unit (t/year)
o O * 5000 *
N=L*xM3* 1000 N,/5000,/1000 4184 x 98538 *
10e-9
1 21,355,557,066 4,271 8,811
. ) 2 18,889,634,217 3,778 7,793
Ninh Binh TPP 3 15,643,203,397 3,129 6,454
4 21,998,195,684 4,400 9,076
1 7,790,262,444 1,558 3,214
. 2 8,251,582,764 1,650 3,404
Pha Lai I TPP 3 8,071,214,856 1614 3,330
4 11,688,735,897 2,338 4822
. 5 67,381,692,748 13,476 27,800
Pha Lai I TPP 6 66,418,251,778 13,284 27,402

Uboo0oo0ooo0oo0 13y0o0ooooooo 1500000000000 152000000
oboooooooooog

1.38"x 12" x [ 15501 24.5[]
20934

O before improvementd L1 O x 100 O 10.32000
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. 1.38"x 12" x [1 15200 24.5[]
O after improvementd L1 0O 20934 x 100 O 10.080 000

gboooobooboobbooboobboobooobbooboaobobooboaonon

gooooooo 0O 82.39 0010.32 O 10.0800 82.15

gboooobooobooaoo 82'3982D3982'15X 100 O 0.29 O

ubobooooboobobooooboooboooboboobobooboboobbooooboo
gbbobobodgboobbooboobod

oooDboo 4230000000000 00O0000O00OPRalal 1OO0OO0OOO 3,000
pbooooobooobooboobobob

0 4.2-3 0000000000 O0OOOOO0O00O0

. Heat Heat Consumption
Generating End .
Efficienc Consumption Improvement
Plant Unit v (kcal/kwh) (kcal/kwh)
Actual B=3600/A / _
A 41868 / 100 C=B*0.29 /100
1 21.29 4,039 11.71
. . 2 21 4,095 11.87
Ninh Binh TPP 3 23.02 3735 10.83
4 21.43 4012 11.64
1 28.3 3,038 8.81
. 2 30 2,866 8.31
Pha Lai 1 TPP 3 29.09 2,956 857
4 28.57 3,010 8.73
. 5 35.18 2,444 7.09
Pha Lai Il TPP 6 35.42 2,428 7.04
Generated Heat . . CO2 Emission
. Consumption Coal Consumption .
Electricity Differennce Differenece (t/year) Difference
Plant Unit (MWh/year) y (t/year)®
(kcal/year)
D (5 Year B _ F * 5000 * 4.184 *
Average) E=C*xD=*1000| F=E / 5000 /1000 98538 * 10e-9
1 193,807 2,269,927,994 453.99 936
. . 2 187,354 2,224,656,103 44493 920
Ninh Binh TPP 3 185,736 2,011,914,497 402.38 829
4 177,485 2,065,176,990 413.04 853
1 692,347 6,100,361,013 1220.07 2519
. 2 652,255 5,421,439,037 1084.29 2,237
Pha Lai I TPP 3 737,340|  6,320,367,868 1264.07 2,606
4 664,810 5,802,372,234 1160.47 2,395
. 5 2,137,675 15,151,799,247 3030.36 6,252
Pha Lai Il TPP 6 2,182,308| 15,363,341,754 3072.67 6,339

™co, emission factor: 98,538kg-C0,/TJ
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Coefficience to
Generating End ) .. Efficiency other
T Eff %
) Efficiency (%) urbine Efficiency () than Turbinne
Plant Unit .
Efficiency
A B C
D=A/C
Actual Design Actual /
1 21.29 31 27.58 0.772
. ) 2 21 31 27.03 0.777
Ninh Binh TPP 3 23.02 31 28.15 0.818
4 21.43 31 28.06 0.764
1 28.3 39 34 0.832
) 2 30 39 36.4 0.824
Pha Lai I TPP 3 29.09 39 35.8 0.813
4 28.57 39 34.3 0.833
. 5 35.18 451 429 0.820
Pha Lai I TPP 6 35.42 45.1 429 0.826
Turbine
Deteriorated Improvement of Efficiency Generating End
| Turbine Efficiency | Turbien Efficiency After Efficiency After
Plant Unit | ) (%) Improvement |Improvement (%)
(%)

E=B-C F=Ex*x02 G=C+F H=D*G
1 3.42 0.68 28.26 21.82
. ) 2 3.97 0.79 27.82 21.62
Ninh Binh TPP 3 285 0.57 28.72 23.49
4 2.94 0.59 28.65 21.88
1 5.00 1.00 35.00 29.13
) 2 2.60 0.52 36.92 30.43
Pha Lai I TPP 3 3.20 0.64 36.44 29.61
4 470 0.94 35.24 29.35
5 2.20 0.44 43.34 35.54

Pha Lai II TPP

atal 6 2.20 0.44 43.34 35.78
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0 4.2-4 DO0000000O0O00000000000000000000

Heat Comsumprion Heat Comsumprion Heat . Generated
Consumption ..
Before Improvement After Improvement Differennce Electricity
. (kcal/kWh) (kcal/kWh) (koal/KWh) (MWh/year)
Plant Unit
K= M (5 Year
J =3600/4.1869/A*100 L=Jd-K
/ / 3600/4.1869/H*100 Average)
1 4,038.63 3,940.99 98 193,807
) . 2 4,094.40 3,977.66 117 187,354
Ninh Binh TPP 3 3,735.12 3,661.08 74 185,736
4 4012.25 3,929.99 82 177,485
1 3,038.25 2,951.51 87 692,347
. 2 2,866.08 2,825.78 40 652,255
Pha Lai I TPP 3 2,955.74 2,903.90 52 737,340
4 3,009.54 2,929.33 80 664,810
5 2,444 .07 2,419.32 25 2,137,675
Pha Lai Il TPP . : : :
ata 6 2,427.51 2,402.92 25| 2,182,308
Heat Consumption Coal Consumption CO2 Emission Difference
| Differennce (kcal/year) | Differenece (t/year) (t/year)™
Plant Unit O * 5000 * 4.184 * 98538 *
N=L*M*1000 | O=N/5000/1000 |{ge-g
1 18,923,773,079 3,785 7,807
. . 2 21,872,689,328 4,375 9,024
Ninh Binh TPP 3 13,752,415,621 2,750 5,674
4 14,599,454,685 2,920 6,023
1 60,051,837,178 12,010 24,776
. 2 26,285,796,738 5,257 10,845
Pha Lai [ TPP 3 38,225,657,735 7,645 15,771
4 53,322,499,909 10,664 21,999
) 5 52,918,443,862 10,584 21,832
Pha Lai I TPP 6 53,657,267,027 10,731 22,137

™C0o, emission factor: 98,538kg-C0,/TJ

@ ooooobbooboooooboooobooooboooDo
gboooooooooooooosoooooi1oooooooooooobooboobobobon
gboboooboooboboobbooobbooobooobboobboobboooboo
gboboobooooooooooooooboboDb 4250000000000 0O0D00ODOD
gbobooboboboo2ect0dboooobooboobooboobooboonogonDg
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Generating End Heat Consumption Heat Consumption Gener‘lat.ed

Efficienc (keal/kwh) Improvement Electricity
Plant Unit Y (kcal/kwh) (MWh/year)
Actual B=3600/A / D (5 Year

= *
A 41868 / 100 C=B*002/100 Average)
1 2129 4039 081 193.807
o 2 21 4,095 082 187,354
Ninh Binh TPP 3 23.02 3735 075 185,736
4 2143 4012 0.80 177,485
1 283 3,038 061 692,347
, 2 30 2.866 057 652,255
Pha Lai I TPP 3 29.09 2.956 059 737.340
4 2857 3.010 0.60 664,810
. 5 3518 2444 049 | 2137675
Pha Lai I TPP 6 3542 2428 049 | 2,182,308
Heat.Consumptlon Coal .Consumptlon CO?2 Emission Difference
Differennce Differenece (t/year) ®
Plant Unit (kcal/year) (t/year) v
3 *k b3 3
E=C*D %1000 | F=E /5000 /1000 O * 5000 * 4.184 * 98538
10e-9

1 156,546,758 3131 65
o 2 153,424,559 3068 63
Ninh Binh TPP 3 138,752,724 2775 57
4 142,425,999 28.49 59
1 420,714,553 84.14 174
, 2 373,892,347 7478 154
Pha Lai I TPP 3 435,887,439 87.18 180
4 400,163,602 80.03 165

, 5 1,044.951,672 208.99 431
Pha Lai Il TPP 6 1,059,540,811 211.91 437

™co, emission factor: 98,538kg-C0,/TJ

@ oooobooobobooooooboooobooo
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) Heat Heat Consumption Generated
Generating End . .
Efficienc Consumption Improvement Electricity
Plant Unit v (kcal/kwh) (kcal/kwh) (MWh/year)
Actual B=3600/A / D (5 Year
=B %

A 4.1868 / 100 C=B*007/100 Average)
1 21.29 4,039 2.83 193,807
. . 2 21 4,095 2.87 187,354
Ninh Binh TPP 3 23.02 3,735 2,61 185,736
4 2143 4,012 2.81 177,485
1 28.3 3,038 2.13 692,347
. 2 30 2,866 2.01 652,255
Pha Lai I TPP 3 29.09 2,956 207 737,340
4 28.57 3,010 2.11 664,810
. 5 35.18 2,444 1.71 2,137,675
Pha Lai I TPP 6 35.42 2,428 1.70 2,182,308

Heat.Consumptlon Coal lConsumptlon CO?2 Emission Difference
Plant Unit Differennce Differenece (t/year) (%)
an n (kcal/year) (t/year) Y
E=C*xD* 1000 |F=E /5000 /1000 | O * 5000 * 4.184 * 98538 * 10e—-9

1 547,913,654 109.58 226
. ) 2 536,985,956 107.40 222
Ninh Binh TPP 3 485,634,534 97.13 200
4 498,490,998 99.70 206
1 1,472,500,934 294.50 608
) 2 1,308,623,216 261.72 540
Pha Lai 1 TPP 3 1,525,606,037 305.12 629
4 1,400,572,608 280.11 578
. 5 3,657,330,853 731.47 1,509
Pha Lai I TPP 6 3,708,392,837 741,68 1530

™co, emission factor: 98,538kg-C0,/TJ
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