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Mark of repair or inspection

\

/ Deterioration of expansion joint

0 2.2-2 External appearance of air heaters

Corrosion is little because of the
indoors. Deterioration of outer

casing are observed all over.
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0 2.2-3 Status of sampling rack

Casing

0 2.2-4 Status of boiler skin casing
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€—— Breakage of expansion joint

\ Fall-down due to breakage of support
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0 2.3-1 0DOoO0Oooooooon

No. Name Size Ash Content Moisture VM TS HHV
(mm) |Average (%) Range (%) Average (%) | Average (%) (%) (kcal/kg)
1 2a | 50-100 7.00 6.00 ~ 8.00 3.0 6 0.6 7800
2 2a | 25-60 7.00 6.00 ~ 8.00 3.0 6 0.6 7800
3 2b | 50-100 9.00 8.01 ~ 10.00 3.5 6 0.6 7650
4 2b | 25-200 9.00 8.01 ~ 10.00 3.5 6 0.6 7650
5 |Lump] 3a | 35-50 4.00 3.01 ~ 5.00 3.0 6 0.6 8100
6 4a | 15-35 5.00 4.01 ~ 6.00 3.5 6 0.6 8000
7 4b | 15-35 9.00 6.01 ~ 12.00 3.5 6 0.6 7450 =
8 b5a 6-18 6.00 5.00 ~ 7.00 3.5 6 0.6 7900 8
9 5b 6-18 7.00 6.00 ~ 8.00 4.0 6 0.6 7450 2
1 1 0-15 7.00 6.00 ~ 8.00 8.0 6.5 0.6 7800 g
2 2 0-15 9.00 8.01 ~ 10.00 8.0 6.5 0.6 7600 F
3 2 1-10 8.50 8.01 ~ 10.00 8.0 6.5 0.6 7600
4 2 1-6 8.50 8.01 ~ 10.00 8.0 6.5 0.6 7600
5 2 1-5 9.00 8.01 ~ 10.00 8.0 6.5 0.6 7600
6 2 1-15 9.00 8.01 ~ 10.00 8.0 6.5 0.6 7600
7 Fine 3a 1-15 11.50 10.01 ~ 13.00 8.0 6.5 0.6 7350
8 3b 1-15 14.00 | 13.01 ~ 15.00 8.0 6.5 0.6 7050
9 3c 1-15 16.50 | 15.01 ~ 18.00 8.0 6.5 0.6 6850
10 ]
11 P
12 : 30 <k 5 g
13 6a 1-15 36.00 | 33.01 ~ 40.00 8.0 6.5 0.6 4850 (é
14 6b 1-15 42.00 | 40.01 ~  45.00 8.0 6.5 0.6 4400 3

(0 0o0o0oDboobboOoooo

0 23200000000000000000OOO0OOOOODOOOODODODOODODOODO
ubbogobuooobboobbuoobbooobooobboobbuoobboooboo
gbobooooboooooooooooooooooooooo

0 232 DOo0OooOoooooooob

Coal Sample Fly Ash Sample
Proximate |Ultimate| Total | Calorific Size Distribution Ash | Ignition| Fusion | Major
Analysis | Analysis| Sulfur | Value Content| Loss Temp |Element
Ninh Binh Stock Yard Mill Outlet FA Pond
Pha Lai Mill Inlet (No.1) (Using FA Sample) FA Silo (No.1)
Uong Bi Mill Inlet (300MW) Mill Outlet (300MW) FA Silo (300MW+110MW)

(3 0ooO
0 2.3-300000000000000000000 2.3-4000000000000000
0o
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0 233 000000

Ninh Binh Pha Lai-1 |Uong Bi-300MW
Inherent Moisture|a.d. % 1.75 2.02 1.64
Proximate |Ash Content a.d. % 27.12 30.48 29.86
Analysisi  |Volatile Matter |a.d. % 6.63 5.77 3.88
Fixed Carbon a.d. % 66.25 63.75 66.26
Fuel Ratio 10.0 11.0 17.1
Ash Content
C
Ultimate
Analysisi H
N
0]
S
Total Sulfur S
Calorific Value [HHV

0 2.3-4 000O00O0OO0OOOO

. . . Uong Bi
Ninh Binh | Pha Lai-1 300MW | 110MW
Proximate IM a.d. % 15.5 0.3 0.2 0.2
Analysis Ash a.d. % 74.0 84.6 94.5 61.3
Loss on Ignition d.b. % 12.43 15.16 5.27 38.58
. Deformation 1470 1410 1420
Temﬁg;‘fj;‘zmn) Hemisphere >1500] >1500] 1490
Flow >1500 >1500 1500
Si02 60.05 57.85 55.35
Al203 22.37 24.52 24.67
TiO2 0.79 0.79 0.71
Fe203 5.91 6.30 10.84
CaO 0.60 0.90 0.80
. MgO 1.18 1.03 1.03
Major Element Ty 256 0.18 0.32 0.11
K20 4.60 3.92 3.52
P205 0.14 0.19 0.18
MnO 0.05 0.05 0.10
V205 0.03 0.03 0.03
SO3 0.05 0.05 1.04

(4 0o00o0oDboO0booO0OoooobboOooboooo
OO000O0D00O0D0OO00DOO0O0000Fuel RatioOO 10.0017.1%0000000000ODO0O
ooboooobooobooboboooooobboo evdda.f.ODOOODOOCKDOOODOO
gboobooooboooooobooooooooooooboooo
g 00
0 2.3-10 Cwhvs DOOOOOOOOOOOOCWIDODODODOODOODODODODO
obmooboobobogobgobeokc 1wOUooooooooooooooon
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0 2.3-5 C% vs HGI
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0 00000000000000

0000000000000 00000000000000000000000000000
000000000 00000000000002005000 NEDOOODODOOOOOOOODOO
00000000000000000x1000x200000000x190000x7 000 56
0000000000 2.3-55000000000000

0 2.3-5 000000

Proximate anal. HHY Ultimate anal. Total HGI
IM Ash VM FC Ash C H N S [0) Sulphur
wt% wt% wt% wt% | kcal/kg | wt% wt% wt% wt% wt% wt% wt%
ad | ad | ad | ad | ad. | db | db. | db. | db. | db. | db | ad
Nhin Binh 175| 27.12| 6.63| 66.25| 6020 | 27.60| 66.91| 228 o089 o060| 250| o063
Pha Lai-1 202 | 3048| 577| 63.75| 5570 | 31.11| 6462| 192| 079| 052| 225| 056
Uong Bi-300 164 | 29.86| 3.88| 66.26| 5390 | 30.35| 66.25| 1.28| o061| o078| 1.25| 1.26
Other Vietham | 1.41| 455| 6.41| 87.60 | 8050 461| 80.15| 321| 104| 053] 146| o58] 32
Vietnam 171 | 23.00| 567| 7097 6258 | 23.42| 71.73| 217| o0s83| o61| 187| o076| 32
Average
Australia 272 | 12.15| 20.93| 55.07 | 6948 | 11.95| 72.85| 462| 160| o041| 785| o046| 53
Average
Indonesia 8.13| 5.35| 41.49| 45.02 | 6632 577| 71.94| s530| 139| o048| 1512| os8| 43
Average
Russia
352 | 11.01| 33.01| 5246 | 6964 | 11.40| 70.79| 4e6| 197| o031| 987| o037| 48
Average
Whole
464| 957 3382 51.92 6862 966 | 72.71| 483| 156| 043| 1046| o049| 49
AVerage

U bODooboogn
gboobobooboobboobooboo
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Slagging Fouling Ash Fusion Temp (°C)
Small = 06 = 0.2 |1280 =
Medium 0.6 <|Slagging|= 2.0 | 0.2 <|Fouling|= 0.5 Flow
Big 2.0 <[ Index 05 <| Index |= 1.0 Point | < 1280
No-acceptable 10 <
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0 2.4-1 Energy Demand of sector upto 2050 (unit: million TOE)

Year 2005 2010 2020 2030 2040 2050
(1) Agriculture 579 692 898 1,142 1,308 1,476
(2) Industry 11,834 15,323 31,307 49,154 82,958 123,032
Light industry 6,435 6,172 14,350 27,606 48,640 72,496
Heavy industry 5,399 9,151 16,957 21,549 34,318 50,536
(3) Transport 6,970 10,673 20,200 28,058 43,266 62,694
(4) Commerce & service 1,568 2,681 6,119 10,454 16,464 25,277
(5) Resident 15,585 18,214 26,453 38,893 48,023 64,670
Urban 1,146 2,009 6,015 12,989 18,773 29,241
Rural 14,439 16,205 20,438 25,904 29,250 35,429
(6) Non-commerce 1,025 1,433 1,507 1,584 1,665 1,750
Total 37,561 49,015 86,485 129,286 193,683 278,899

Source: CO, emissions reduction potential in Vietnam, IE - January 2011
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0 2.4-2 Composition of energy demand by sector in 2005 and 2030
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O 2.4-2 Estimate of CO, emissions from sectors in Vietnam (unit:1000ton)
Year 2005 2010 2015 2020 2025 2030
Industry 24,755 35,598 48,127 64,336 70,631 91,524
Agriculture 1,386 1,479 1,758 2,084 2,437 2,914
Transport 18,969 30,884 43,839 62,594 86,311 124,370
Commerce and service 4,354 6,002 8,067 9,832 12,141 14,597
Residential 4,861 5,767 6,414 7,823 9,285 9,943
Power sector 21,527 39,792 63,107 73,449 94,760 145,484
Total 75,852 119,522 171,312 220,118 275,565 388,832

Source: The study on CO, reduction potential in energy activities in Vietnam, Institute of Energy in 2005
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0 2.4-3

The result on electrical demand forecast the whole country to 2030

2010 2015 2020 2025 2030
Demand(GWh) 87,665 169,821 289,882 430,867 615,205
Generation(GWh) 100,880 194,304 329,412 489,621 695,147
Pmax(MW) 16,048 30,803 52,040 77,084 110,215
Source: First Draft of PDP VII (IE)
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0 2.4-3 The result on electrical demand forecast the whole country to 2030

0 2.4-4 Annual average growth rate of demand forecast
2010-2015 | 2015-2020 | 2020-2025 | 2025-2030 | 2010-2030
Demand(GWh) 14.1% 11.3% 8.2% 7.4% 10.2%
Generation(GWh) 14.0% 11.1% 8.2% 7.3% 10.1%
Pmax(MW) 13.9% 11.1% 8.2% 7.4% 10.1%

Source: First Draft of PDP VII (IE)
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0 2.4-5 Actual Installed capacity and Peak Demand (2006-2010)
Year 2006 2007 2008 2009 2910
(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
o I |nstalled capacity ~ ==@==Peak Demand
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0 2.4-4

Actual Installed capacity and Peak Demand (2006-2010)
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O 2.4-6 The Comparison of the Power Outputs between the Power Generation Plan in 2006

to 2010 on PDP6 and the Actual Implementation

Year

2006 2007 2008 2009 2010 Total
Approval on PDP6 (MW) 861 2,096 3,271 3,393 4,960 14,581
Actual implementation
o 756 | 1,207 | 2,251 | 1,789 | 2,962 | 9,085
Ratio of actual . . . . . .
inplementation 881 62% 69% 534 60% 62%

Source: Review of Implementation of Power Development Plan VI (IE)
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O 2.4-7 Power development plan in PDP-VIl (Draft January 2011)

Year 2011 2015 2020 2025 2030
[®) Total 115,777 194,303 329,412 489,621 695,147
% Hydro (- SPPs) 37,553 54,381 59,989 59,833 57,572
o |Coal thermal 25,172 71,055 174,615 265,248 428,695
§' Gas/Qil 48,420 58,683 73177 93,512 91,528
a Small Hyd.+new energy 1,970 5,325 8,894 12,976 13,343
é NPP 0 0 4,879 40,197 75,235
= 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
% Coal thermal 4,185 15,515 32,535 45,190 77,310
8_ Gas/Oll 8,362 10,582 13,625 17,525 17,525
E 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%
g. Coal thermal 68.7% 52.3% 61.3% 67.0% 63.3%
o |Gas/Oil 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% 442% 51.7%

Source: IE (2011.2)
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0 2.4-5 Power generation forecast by fuel (2011-2030)
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0 2.4-6 Composition of power generation by fuel (2011-2030)
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0 2.4-7 Forecast of installed capacity by fuel
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0 2.4-8 Composition of capacity by fuel in 2030
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0 2.4-8 Predicted CO, emissions from power sector

Year 2011 2015 2020 2025 2030
€0, (1,000tons) 59,463 | 107,162 | 201,491 | 297,237 | 443,802
Generation by fossil fuel (GWh) 73,592 | 129,738 | 247,792 | 358,760 | 520,223

Note:

C02= FC * NCV * EFC02
FC: Amount of fossil fuel consumed by power plant (mass or volume unit)
NCV: Net calorific value (energy content) of fossil fuel (GJ/mass or volume unit)
EFCO2: CO2 emission factor of fossil fuel (tC02/GJ)(IPCC)

Source: SEA of PDP VII, IE (2010.7)

The calculation of C02 emission is based on the formula:
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O 2.4-9 Predicted CO, emissions from power sector
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0 2.4-11 Schedule of the Operating Project (2010-2015)

Year Power plant Area C?:A?;)Ity Developer
2011 TPP Cam Pha I North 300 TKV
TPP Quang Ninh I #2 North 300 Quang Ninh Thermal Power JSC
TPP Hai Phong | #2 North 300 Hai Phong Thermal Power JSC
TPP Cam Pha II North 300 TKV
TPP Quang Ninh II #1 North 300 EVN
2012 TPP Nong Son North 30 TKV
TPP Mao Khe #1 North 220 TKV
TPP Uong Bi extension #2 North 300 EVN
TPP Quang Ninh II #2 North 300 TKV
2013 Hai Phong 2 #1 North 300 EVN
TPP M2o Khe #2 North 220 TKV
TPP Vung Ang I #1 North 600 PVN
2014 TPP Hai Phong 2 #2 North 300 EVN
TPP Nghi Son 1 North 600 PVN
TPP Vung Ang 1 #2 North 600 PVN
TPP Luc Nam #1 North 50 IPP
TPP Vinh Tan 2 South 1,200 EVN
Duyen Hai (Tra Vinh) 1 #1 South 600 EVN
2015 Mong Duong 1 North 1,000 EVN
Mong Duong 2 North 1,200 AES (BOT)
Thai Binh II #1 North 600 PVN
Vih Tan 1 South 1,200 CSG (BOT)
Duyen Hai (Tra Vinh) 1 #2 South 600 EVN
TPP Long Phu 1 #1 South 600 PVN
TPP Van Phong #1 South 660 Sumitomo(BOT)
Source: IE
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Anthracite | Coking Other Sub- Lignite/
coal Bitminous | Bitminous |Brown coal
oodo GCV' |00 30.35 30.8 26.75
as used oo 29.65 27.8 23.85
(MI/kg) NCVT |00 30.35 29.8 25.50 [(23.87) (14.66)
od 28.95 26.6 22.60
0000 -as used- oo 0.782 0.771 0.657
(kg/kg) od 0.778 0.674 0.590
0000 -daf- 0od 0.980 0.920 0.845
(kg/kg) 0od 0.920 0.845 0.810
0000 -as used- od 12 9 18
(ka/kg) 0od 10 7 13
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(3 Co,0000000
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00002011000 203000000 Co,0000000000000000000 380 5,525
0000180 7,020000000000000BWO000000 ¢,000000000000
0000000170 1,302000080 3,00000000000
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0 2.4-13 Result of annual CO, emission of coal-fired thermal power plants

Year 2011 2015 2020 2025 2030
€O, (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
(1000tons)
500,000
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0 2.4-10 Result of CO, emission of coal-fired thermal power plants
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O 3.2-1 Relation between operating duration and scale adherence (HekinanTPP, units 3-5)
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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 3.2-2 Flow of chemical washing of boilers
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O 3.2-3 The results of scale removal (Hekinan TPP,unit 4)
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0 3.3-1 J0O0ogoooogoog

Area of Influence Effects
Reduction in Transportation |Depends on distance and ash reduction
< |costs (e.g.1000km distance and ash reduction from 41%
'% to 30% results in savings of 7.5%)
% Reduction in CO2 emissions |Depends on distance and ash reduction (e.g.,
@ |due to reduced fuel 1000km distance and ash reduction from 41% to
= consumption in 30% results in 15% reduction in CO2 for the same
transportation delivered heating value).
Decrease in auxiliary power |10% decrease for every 10% reduction in feed coal
ash
Decrease in auxiliary fuel 50% reduction when using washed coal (present
® avg. is 4ml/kwh) having 10% reduction in ash
& |Improvement in thermal 3.0% improvement for every 10% reduction in
% efficiency feed coal ash
o |Improvement in plant load [10% improvement for every 10% reduction in feed
@ |factor coal ash
§ Reduction in O&M costs 2% cost reduction for every 10% reduction in feed
coal ash
Reduction in capital 8% reduction in capital investment when using
investment for new power |coal with 30% ash instead of 41%
projects
Reduced land requirement  |12% reduction in land requirement when using
= |for ash disposal coal with 30% ash instead of 41%
g Reduced water consumption |12% reduction in water consumption when using
g for ash disposal coal with 30% ash instead of 41%
© |Reduction in CO2 emission |Reduction in the range of 2-3% when using
E washed coal
W Improvement in ESP Using washed coal improves ESP efficiency from 98
efficiency to 99%

Ph.D. Craig D. Zamuda "A case for Enhanced Use of Clean Coal in India" Aug. 2007
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Light Product Heavy Product
I\C/I?r?; Coal No. 5 g 2 = Low Ash Coal = Hi Ash Coal
Wt % | Ash % § & Wt% | Ash % | Wt % | Ash %
Uong Bi area 100 30 :> S s 66 13 34 66
Cam Pha area | 100 30 A2 76 12 24 80
Average 100 30.0 71.0 12.5 29.0 71.8
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0 3.3-3 0DO0b0oooooon

Coal ash
30% 25% 20%
Wt % 100 90 81
Coal
Ash % 30 25 20
0,
Others Wt % 0 10 19
Ash % 72 72
Wt % 100 100 100
Total
Ash % 30 30 30
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obooi1wowooooooo 3.oxdbobogogL,oookwvhDobobooooobooooon
ubobooooboooobobooobbooobobooooboooboboobobooboboooobooo
0% 00do

0 3.3-4 0J000O0oooooon

Fuel Coal Ash (%) Remarks
30.0 25.0 20.0

kg 522 463 415
Fuel Coal Ratio 1.000 0.887 0.795

Kcal/kg 5,500 6,000 6,500 | Non-Ig. Loss
kcal 2.871E+06 2.778E+06 2.698E+06

Available Heat Value kcal 2.730E+06 2.674E+06 2.623E+06( excl. Ig. Loss

o Generated End Eff. % 35.0 35.5 36.1 | 3%/Ash-10%
,S Generated Energy kWh 1,111 1,105 1,099

S [auxiliary Power % 10.0 95 9.0 | -10%/Ash-10%
S kWh 111 105 99
© Sending Energy kWh 1,000 1,000 1,000
Sending End Eff. % 30.0 30.9 31.9
Pure Ash kg 157 116 83
g Ig. Loss % 10.0 10.0 10.0
o kg 17 13 9

E kcal 1.409E+05 1.042E+05 7.470E+04| 8100kcal/kg
£ tot kg 174 129 92
Ratio 1.000 0.739 0.530
G) ooooa

oo ooooogciFoo 10000000 25%0 0000 2000000000000
goooswooooooooooooooon 3.3-50000

0 3.3-10000b0ogbobooiowboboboooooo2woboboogobobonn
goooobooboobb 33400 b00obuoobooobuooboobobooboo
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0 3.3-6 0000000000000 O0ODODOD b ODOobOobUobOobDOobDOonbD Do
U0 oobooboboooboobooooon

r - |

Coal Mine |—®] Hi-Ash Coal

I

Coal
Preparation Ash
Plant
v l T
Low-Ash . Electrical
Refuse OW-AS » Transportation —® Power Plant - ectrica
Coal ! Power

0 3.3-6 DOoOOoboobooooooon

@ oOooooobooboooobooooboboooboooDo
gboboboboooobobobobooon sewhboboooooobobobobo
gbobboobooooboobboobuoobbooobooboo 200000 200000
uboboobooooboobooooo
0 3.3-50000000000000000DOO0OO00ODOOODOOg 3.3-40 1,000kwh
ugbboobuoobbooboobbooboobbuooboobbuooboboooong

0 3.3-5 DOgboooooooboooobooboonoba

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 *3
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 1dz2000b00boowmnecooobo ] oooobooooobboo 1998 0

g 3boboboobooboomooooobooboboab 20000

0 4400000b0obobooocoboobobobooo ecvoboboboboboooboo booo
00 00.08kwh/t kmO 50%0 O O OO O 1.052kWwh/t kmO 50%0 O O O
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0 3.3-6 DOoooogoo

Base Line Project Scenario
Energy Scenario !
Consumption Dis. — o —
(Ref. T 3.4-4) Ash=30% Ash=25% Ash=20%
t kwh t kwh t kwh
Coal Mining 65 kWh/t 0.522 | 33.930 0.514 | 33.410 0.512 | 33.280
coal  |Plant Operation 10 kWh/t 0.514 | 5.140 | 0.512 | 5.120
Preparation [Tyans. of Refuse| 1.052 kwh/tkm| 2 km 0.051 | 0.107 | 0.097 | 0.204
Trans. of Coal 0.566 kWh/t km| 60 km 0.522 | 17.727 0.463 | 15.723 0.415 | 14.093
Ash Disposal 1.052 kwh/tkm| 10 km | 0.174 | 1.830 | 0.129 | 1.357 | 0.092 | 0.968
Total 53.488 55.738 53.665

() 0ooobooboboouoboobbooboboOooboOoboboOnDoco,bceHbNoO

0 3.3-70000000ecOO0ODDOODOoOonoOpCcCcCObuonoonoboonnon
O 1,000kvhODCO00D0O0O0DOOOOOOOC,DOOO0O0OO00ODOOODOOODOOODDOO
gboboobooooooooooooooo 2% 0o0bobobobobo 200000
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0 3.3-7 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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O00000000000002000000000000000 10w0 0000000 35%0 20
0003.5%0000000000000000Status quo caselT]
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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
M-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

OStatusquocase 000D O0ODOOOOODOOOODOCL,ODOO0D0O00000000D0O0O?2011
00203000000 0000 390 8,239000MM90 3,18370000000MOI0ONO Improved
OM casel 0D ODOOO 390 1,7150000190 200000000

goooooooooboobooboobooboobogobo201100nbo 2030000 ooooceo,0nog
0e6,5230000%W.60M 0000008 1650000%.6000000000

gooooooooewWOooooooooooooooooo 4.1-200000000000
oboboobdg 2011000 203000 co,gppbooboooobooboooboonboo
003,176 00001,54100000000000

goooooooooogo o usooooooooooooooooooogoooogono
gbobobo200000 406,280 0SO000000

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
M-B) 31,758
i Status quo case (A) 860,961
Coal fuel consumption
Improved OM case (B) 845,555
(1000tons)
M-B) 15,406

gboboboboboobooboboboboooobobo3sgboooooooboOoDbo
04.20000000

4.1.2 D00O0O0O0OO0O0OO0OOoOoOoOgoDGg

2460000000020 0000000000O00O0O0O0O0O 30 00O 3%%0 00
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UbOil60 9,520 000000000O0OBWDOOOOOO co,0bpboooooooooon
ooOob 150 8,131000070 6,7000000000O0

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

c,0biMpbupobobobobooOoszskuooIn4t0oobmg 4.1-10
0 4.1-2(002011 000 203000000 co,0bpboboboobooboobooboboonon 8o
6,008 00010 7,467000000000 4.1-400000000 9.3w0000O

Ewooobdb co,bobpooooooooouoooooooog 10 3,17000006,389
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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
M-B) 360,075
i 35% case (A) 1,870,197
Coal fuel consumption
40% case(B) 1,695,523
(1000tons)
(A)-(B) 174,674

0 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
A)-(3B) 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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) Coal Co2
Unit Output G.H.R Heat Loss ) L
Plant Consumption | Emission
No. vy (kcal/kwh) (kcal) »
(kg) (kg)
1 25 3,130 469,500 93.9 194
) B 2 25 3,100 465,000 93.0 192
Ninh Binh
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
. 2 110 2,360 1,557,600 311.5 643
Pha Lai O
3 110 2,398 1,582,475 316.5 653
4 110 2,509 1,656,263 331.3 683
) 5 300 2,043 3,676,644 735.3 1,517
Pha Lail
6 300 2,087 3,756,420 751.3 1,550
B 5 55 3,638 1,200,454 240.1 495
Uong Bi
6 55 3,635 1,199,464 239.9 495

™o, emission factor: 98,538kg-C02/TJ
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0 4.2-2 DOobOOooOOooOOooOooooooooon

Generating End

Boiler Efficiency (%)

Coefficience to

Efficiency other

Efficiency (%) than Boiler
Plant Unit o
Efficiency
A B C
D=A/C
Actual Design Actual
1 21.29 90.1 82.39 0.258
2 21 90.1 83.1 0.253
Ninh Binh TPP
3 23.02 90.1 83.66 0.275
4 21.43 90.1 81.44 0.263
1 28.3 86.06 85 0.333
2 30 86.06 84.8 0.354
Pha Lai I TPP
3 29.09 86.06 85 0.342
4 28.57 86.06 84.4 0.339
5 35.18 88.5 84.8 0.415
Pha Lai Il TPP
6 35.42 88.5 84.9 0.417
Boiler Generating End
) ) Improvement of . o
Deteriorated Boiler Boil Efficiency After | Efficiency After
oiler
Efficiency (%) o Improvement Improvement
Plant Unit Efficiency (%)
(%) (%)
E=B-C F=E=x*x0.3 G=C+F H=Dx*xG
1 7.71 2.31 84.70 21.89
2 7.00 2.10 85.20 21.53
Ninh Binh TPP
3 6.44 1.93 85.59 23.55
4 8.66 2.60 84.04 22.11
1 1.06 0.32 85.32 28.41
2 1.26 0.38 85.18 30.13
Pha Lai I TPP
3 1.06 0.32 85.32 29.20
4 1.66 0.50 84.90 28.74
5 3.70 1.11 85.91 35.64
Pha Lai Il TPP
6 3.60 1.08 85.98 35.87
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0 4.2-2 D0o000OO0O0OO0oOO0OOO0OOOObObOODbo

Heat
Heat
Heat Comsumprion Comsumprion ] Generated
Consumption
Before Improvement After Electricity
Differennce
(kcal/kWh) Improvement (keal/kWh) (MWh/year)
: ca
Plant Unit (kcal/kWh)
K=
J= M (5 Year
3600/4.1869/Hx* L=J-K
3600/4.1869/A%100 Average)
100
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 4,012.25 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 I 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 2,427.51 2,397.08 30 2,182,308
Coal
Heat Consumption CO, Emission
Consumption
Differennce Difference
Differenece
(kcal/year) (t/year)®
Plant Unit (t/year)
o= O * 5000 *
N=L*Mx*x 1000 4.184 x 98538 *
N/5000/1000
10e-9
1 21,355,557,066 4271 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 1,614 3,330
4 11,688,735,897 2,338 4,822
5 67,381,692,748 13,476 27,800
Pha Lai Il TPP
6 66,418,251,778 13,284 27,402

™o, emission factor: 98,538kg-C02/TJ
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. Heat Heat Consumption
Generating End .
Effici Consumption Improvement
icien
Plant Unit clency (kcal/kwh) (kcal/kwh)
Actual B=3600/A /
=B %
A 4.1868 / 100 C=B+029/100
1 21.29 4,039 11.71
) ) 2 21 4,095 11.87
Ninh Binh TPP
3 23.02 3,735 10.83
4 21.43 4,012 11.64
1 28.3 3,038 8.81
. 2 30 2,866 8.31
Pha Lai I TPP 3 29.09 2,956 8.57
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 Diff. Diff. t/ ) Difference
ifferenn ifferen r
Plant Unit | (MWh/year) erennce erenece yea (t/year)®
(kcal/year)
D (5 Year F * 5000 * 4.184 *
= E 3 * =
Average) E=C*Dx*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 2,519
. 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

™o, emission factor: 98,538kg-C0,/TJ
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U 4.2-4 DO0o0OO00OO0OO0OOO0OOOOOOOOObOObOOOo

Generating End
Efficiency (%)

Turbine Efficiency (%)

Coefficience to
Efficiency other

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 45.1 429 0.820
Pha Lai Il TPP
6 35.42 451 42.9 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=x*G
1 3.42 0.68 28.26 21.82
2 3.97 0.79 27.82 21.62
Ninh Binh TPP
3 2.85 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 4.70 0.94 35.24 29.35
5 2.20 0.44 43.34 35.54
Pha Lai Il TPP
6 2.20 0.44 43.34 35.78
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0 4.2-4 00000000 OO0OOO0OOOOOOOOOOOO0O0000

Heat
Heat Comsumprion Heat Comsumprion ea . Generated
Consumption .
Before Improvement After Improvement ] Electricity
Differennce
(kcal/kWh) (kcal/kWh) (MWh/year)
. (kcal/kWh)
Plant Unit
K= M (5 Year
J =3600/4.1869/A*100 L=J-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 4,012.25 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
6 2,427.51 2,402.92 25 2,182,308
Heat Consumption Coal Consumption CO2 Emission Difference
bl _ | Differennce (kcal/year) | Differenece (t/year) (t/year)®
ant Unit O * 5000 * 4.184 * 98538 *
N=L* M *x 1000 O = N/5000/1000
10e-9
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 I 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 Il TPP
6 53,657,267,027 10,731 22,137

™co, emission factor: 98,538kg-C0,/TJ
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0 4.2-5 0o00oooooooooooooooobooboobooboobooon

) . Heat Consumption | Generated
Generating End Heat Consumption .
. Improvement Electricity
Efficiency (kcal/kwh)
Plant Unit (kcal/kwh) (MWh/year)
Actual B=3600/A / D (5 Year
C=B*0.02/ 100
A 4.1868 / 100 Average)
1 21.29 4,039 0.81 193,807
) ] 2 21 4,095 0.82 187,354
Ninh Binh TPP
3 23.02 3,735 0.75 185,736
4 21.43 4,012 0.80 177,485
1 28.3 3,038 0.61 692,347
. 2 30 2,866 0.57 652,255
Pha Lai I TPP
3 29.09 2,956 0.59 737,340
4 28.57 3,010 0.60 664,810
) 5 35.18 2,444 0.49 2,137,675
Pha Lai Il TPP
6 35.42 2,428 0.49 2,182,308
Heat Consumption | Coal Consumption o .
. . CO2 Emission Difference
Differennce Differenece
. (t/year) ®
Plant Unit (kcal/year) (t/year)
O * 5000 * 4.184 * 98538 *
E=Cx*xD=*1000 | F=E /5000 /1000
10e-9
1 156,546,758 31.31 65
2 153,424,559 30.68 63
Ninh Binh TPP
3 138,752,724 27.75 57
4 142,425,999 28.49 59
1 420,714,553 84.14 174
. 2 373,892,347 74.78 154
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
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) Heat Heat Consumption Generated
Generating End . o
. Consumption Improvement Electricity
) Efficiency
Plant Unit (kcal/kwh) (kcal/kwh) (MWh/year)
Actual B=3600/A / D (5 Year
C=B*0.07 /100
A 4.1868 / 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 21.43 4,012 2.81 177,485
1 28.3 3,038 213 692,347
. 2 30 2,866 2.01 652,255
Pha Lai I TPP
3 29.09 2,956 2.07 737,340
4 28.57 3,010 2.11 664,810
) 5 35.18 2,444 1.71 2,137,675
Pha Lai Il TPP
6 35.42 2,428 1.70 2,182,308
Heat Consumption | Coal Consumption o )
) ) CO02 Emission Difference
Plant Unit Differennce Differenece t/ ) (%)
r
an " (kcal/year) (t/year) vea
E=C*D=*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 I TPP
3 1,5625,606,037 305.12 629
4 1,400,572,608 280.11 578
. 5 3,657,330,853 731.47 1,509
Pha Lai Il TPP
6 3,708,392,837 741.68 1,530

™o, emission factor: 98,538kg-C0,/TJ
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Centrifugal ventilator of inlet vane-controlling
blade type

Ventilator of Thyristor motor
type and RPM-controlling
blade type

V?nél 1ator ot _variable stationary
blade axial-flow type

ventilator of variable rotating
| b?age axital-flow type
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