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(3) Prioritization of Three Projects
Prioritization of the three projects (JN3, JNS5, JS6) was evaluated.
Evaluation items are selected as follows.
- Natural environment impact
- Construction cost (power station, transmission line and including compensation)

The comprehensive rank of three projects was evaluated by two steps.

At first, the projects were evaluated by item and given the rank order. Next, comprehensive
rank was decided by taking two kind of rank order into consideration.

Here, land compensation / resettlement cost for social environment impact is counted into
construction cost.

Comprehensive evaluation of priority PSPP is shown in Table 4-2-13.

Evaluation of environmental impacts is as follows;

a. Social Environment

Impacts on the social environments could be evaluated quantitatively. Quantitative figures
are indicated in the following table however it should be noted that the following figures are very
rough estimation and are subject to more detailed survey.

Only those who receive direct impacts are considered in the following assessment. The
impacts include resettlement, compulsory land purchase (e.g. lost of rice filed) and others (e.g.
social unrest by outsiders). It should be noted that one of the villages which receive direct impacts
at JN5 moved to the current area when Hoa Binh dam project was implemented. Therefore it is
likely that the PSPP project gives negative impacts on them psychologically, and this issue should
be handled carefully.

The secondary affected people are excluded from the assessment because the survey did not
cover these people well due to time constraints. At the next stage (e.g. feasibility study), it is
therefore necessary to conduct more detailed survey on people who are expected receive secondary

impacts and to propose adequate mitigation measures.

b. Natural Environment

It is difficult to quantitatively estimate scale of impacts on natural environment. After
intensive and comprehensive survey, one may quantitatively estimate the scale. However, the
survey may take at least one year (or a couple of years), and may not produce expected data.
Regarding this project, time was limited and little information is available. It is, therefore,
inappropriate to quantitatively estimate the scale of impacts. In the following table, the direct

impacts of the ecosystem at each site are described comparing each site.

-4-50 -



Master Plan Study on PSPP and Optimization for Peaking Power Generation, Final Report

Table 4-2-13  Comprehensive Evaluation of Priority PSPP

Evaluation items

Phu Yen East (JN3)

Phu Yen West (JN5)

Bac Ai (JS6)

Social Environment Number of households (population) which receive | Number of households (population) which receive | Number of households (population) which receive
direct impacts: direct impacts: direct impacts:
74 households (385 persons). About 300 households (1,700 persons). 63 households (330 persons).
«| Natural Environment | Direct impacts on the natural environment are | Direct impacts on the aquatic ecosystem may | Direct impacts on the aquatic ecosystem will be
Q
8| limited. be significant. significant.
£ One tributary of Mua river receives significant | The lower dam will disturb the aquatic ecosystem | There is no dam in the entire length of Cai river.
g impacts by the lower dam but the scale is limited | of Sap river. The river has a large basin and its | The lower dam will separate the river, which
g due to its small basin. current status of the aquatic ecosystem is not | clearly will give significant impacts on the aquatic
§ Upper reservoir site is located in agricultural land. | studied. Impacts may be significant and | ecosystem of the river. The impacts may reach
é irreversible. to the downstream of the river.
= Although direct impacts on the terrestrial
environment are expected to be limited, it is
important to note that the site is part of the area
recognized as a globally important area.
= P/S Cost US$ 630 / kW US$ 700 / kW USS$ 660 / kW
3
g
£ T/L Cost US $ 40 min. USS$ 45 min. US$ 50 min.
Distance to S/S 70 km 80 km 90 km
Environment impact rank ©) @)
Construction cost rank ©) ® @)
Comprehensive rank @) @ ©

Remarks) JN3: Thung Land and Manh villages are considered. Lan village should be included but number of households and its population was collected.

JN5: Keo Lan, Xa, Na Nay and Phieng Luong villages are considered.

JS6: Ta Lot village is considered.
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4.3 Preliminary structural Design of the Priority PSPP

To conduct a preliminary structural design and to identify a rough development cost for the
most preferred site among the candidate PSPPs selected in Section 4.2.6. The design of Phu Yen
East site was carried out based on topographical maps on a scale of 1/50,000.

The design and the cost estimation of Phu Yen West and Bac Ai sites were carried out based on

the condition that output is 1,050MW like Phu Yen East.

4.3.1 Evaluation of the Scale of the Priority PSPP

The most suitable development scale has been evaluated with respect to the most preferred
PSPP site, Phu Yen East.

(1) Methodology

Evaluation of the size of the priority PSPP was conducted by applying the B/C method taking
a GT thermal power plant as an alternative.

The B/C method compares the benefits and costs resulted from the development. In this study,
the Cost and Benefit correspond to the total development costs of PSPP and GT thermal
respectively. The following equations were used for calculating the Cost and Benefit.

C=Cl+C2

=IpXap+PpXHXFp,/ 1p

C1 ; annual costs of PSPP generation
C2 ; annual costs for pumping
Ip ; construction costs of PSPP
ap ; annual cost factor
Pp ; peak generation capacity
H ; annual equivalent hours for continuous peak generation (800hr)
F, ; fuel costs for pumping (coal thermal, conventional hydro)

71 p ; total efficiency of PSPP generation (70%)

B=B1+B2
=Y\ X1y Xa, + PpX HXF,
B1 ; kW values of alternative power plant
B2 ; kWh values of alternative power plant
Y4 ; effective generation capacity (installed capacity— latent capacity)

I, ; construction unit costs of alternative power plant
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ax ; annual cost factor of alternative power plant
H ; annual equivalent hours for continuous peak generation (800hr)

Fa ; fuel costs of alternative power plant

(2) Latent Capacity

A PSPP cannot always operate at its full capacity, since its daily operation is influenced by
peak generation hours and generation capability for pumping during off-peak hours. Thus, full
operation cannot meet operation hours required for the system-wise demand and supply, when daily
maximum generation capability, which is determined by the volume of stored water for generation,
is insufficient, and the PSPP has to be operated at partial load. The reduction of output capacity
caused by such a situation is generally called as “latent capacity”.

Since latent capacity depends largely on system operation and poundage size, the required
peak generation hours on operation were calculating by the simulation. Therefore, this time, it was
determined as 7 hours, which the following equation was used for calculating the effective capacity.

Ya= PpXh,(required peak generation hours = 7 hr) (h < 7hr)
= Pp (h = 7hr)
Y4 ; effective capacity (peak generation capacity —latent capacity)
Pp ; peak generation capacity

h ; peak generation hours (6, 7, 8 hrs)

(3) Input Parameters

Interest, depreciation, and O&M costs were taken as fixed costs, and fuel prices in 2020 were
considered as variable costs in evaluating the scale of PSPP development. For calculating fuel costs,
operations of alternative GT thermal and coal thermal for pumping were also considered
incorporating changes of thermal efficiency with plant factor. Input parameters are shown in Table
4-3-1.

Table 4-3-1 Input Parameters

Power source | Construction | Plant | Annual O&M Fuel cost
cost life cost factor
PSPP 650US$/kW 40 1.0% Hydro: 0 ¢ /kWh Coal: 2.1 ¢ /kWh
GT thermal 400US$/kW 20 5.0% 3.9 ¢ /kWh
Coal thermal | 938US$/kW 30 3.5% 1.5 ¢ /kWh
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(4) Comparative study of the Optimal Development Scale and the Analysis Results
a. Comparative Study of the Optimal Development Scale and the Construction Costs

The optimal development scale (Output capacity and Operation hour) for PSPP from an
economical point of view has been studied. The comparative study cases, which make the output

capacity and the operation hours into a parameter, are shown in Table 4-3-2.

Table 4-3-2 Comparative Study of the Optimal Development Scale (Phu Yen East)

Upper Dam Lower Dam Underground Structure
Max; Operation Active Effective Turbine HWL Height HWL Height Tu@el Pens'tock Power
Capacity Hour Storage Head Discharge LWL (m) LWL (m) Dia. Dia. Station
(MW) (hr) (1,000m3) (m) (m3/s) (El. m) (EL._m) (m) (m) (m, m3)
6 3,700 563 168 Zgg 13.0 ;;g 72.0 B=21
(2;5)23) 7 4,300 563 168 Zgg 17.0 ;;g 73.0 5.8 4.7 LI;11:2454m
8 4,900 563 168 228 200 22775(')5 735 V=116,000
6 4,400 561 203 Z§8 20.0 ;;(5) 73.0 B=25
(32323) 7 5,200 561 203 Zgg 22.0 2277565 73.5 6.4 5.1 Ll;llzjgm
8 5,900 561 203 zgg 24.0 ;;g 74.0 V=116,000
6 5,200 560 237 22(8) 22.0 22775(')5 73.5 B=27
(;;%i(;) 7 6,000 560 237 Zz(ﬁ) 24.0 ;;g 74.0 6.9 5.5 Ll;llzsgn
8 6,900 560 237 228 30.0 ;;g 75.0 V=147,000
6 5,900 559 271 222 24.0 ;;g 74.0 B=30
(41(,)%)203) 7 6,900 559 271 Zzg 30.0 ;;g 75.0 7.3 5.9 LI;I;SOlm
8" 7,800 559 271 Zig 40.0 ;;g 76.0 V=182,000

*) The case of 1,200 MW and 8hrs cannot secure the amount of active storage of the upper dam due to the

present topographical condition.

Construction unit cost of each case is shown in Table 4-3-3 and Figure 4-3-1.
The construction unit cost changes between 582USS$ and 742USS$, and it reduces with a larger
output capacity by the scale merit. Also, the difference of the construction unit cost by operation

hour is not so remarkable.

Table 4-3-3  Construction Unit Cost of Each Case

Operation hr 6hr 7hr 8hr

Output (MW) 750 900 : 1,050 : 1,200 | 750 900 : 1,050 : 1,200 | 750 900 : 1,050

Total project cost

p 534.7 : 591.7  642.8 | 698.8 | 553.8 { 602.0 | 656.3 | 721.9 | 556.2 | 614.1 | 676.8
(X10°US$)

Construction unit
cost (US$/kW)

713 657 612 582 738 669 625 602 742 682 645
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Construction unit cost (US$/kW)

800

750

700

500

== hr =87 hr

8 hr|

700

800

900

1,000

1,100

Installed capacity (MW)

1,200

1,300

b. Analysis Results of the Optimal Development Scale

Figure 4-3-1

Construction Unit Cost of Each Case

The project’s Benefit/Cost (B/C) ratio and Benefit- Cost (B-C) of each case are shown in Table

4-3-4 and Figure 4-3-2.

The comparative study of the optimal development scale was carried out in two alternative

cases, which are coal and conventional hydropower cases for the pumping energy. It is natural that

B/C value of the conventional hydropower case is higher than that of the coal case.

Table 4-3-4 Results of the Optimal Development Scale

Operating hr 6hr 7hr 8hr

Output (MW) | 750 | 900 | 1,050 | 1,200 | 750 | 900 | 1,050 | 1,200 | 750 | 900 | 1,050
Effec(tmgutput 645 770 900 | 1,030 | 750 = 900 © 1,050 1,200 | 750 = 900 . 1,050
“Benefit(B) | 664 797 93.0| 1063 | 73.6| 884 103.1| 117.8| 73.6 884 | 103.1

S Cost (C | 721 810 892 980| 742 822 908 100.7| 745 835 93
S B 092 098 | 1.04  108| 099 108 1.4 1.17| 099 1.06 1.1
B-C 57 -13 3.8 83| 0.6, 62 123, 171| -09, 49 100
“Benefit(B) | 664 | 797 93.0 1063 | 73.6| 884 103.1| 117.8| 73.6 884 | 103.1

£ Cost (C | 593| 656, 712 774| 614 667 728 80.1| 617 680 75.1
2 BIC 112 121 131 137] 120] 133 142 147| 119 130, 137
B-C 71 141 218 289 122 217 303 377| 119, 204 280
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(Coal Case)
1.50 20
R 4
140 15
130 | 0o 1 10 ==0==B/C 6 hr
120 | : m=—Cm==D/C 7 hr
Lio b 5 2 B/C 8 hr
o 2 |--=--BCéhr
5 100 ¢ 0 =
090 E |--¢--BC7hr
e S 3 B-C8hr
0.80 F
-10
0.70 F
0.60 F i 15
0.50 : : : 20
750 900 1,050
Output (MW)
(Hydro Case)
1.50 50
140 F 445
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L10 | 0 3 B/C8 hr
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2 100 ¢ |55 = B-C6hr
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0.90 | 120 g B-C8hr
0.80 |- w7 415
N
0.70 410
o
0.60 F 15
0.50 : : : 0
750 900 1,050
Output (MW)

Figure 4-3-2  Results of the Optimal Development Scale (Coal Case, Hydro Case)

The case of 1,200MW (400MW*3units) and 7 hours (active storage) indicated in the above
table for Phu Yen East site was selected as the optimal development scale, since it has the

maximum B/C values (coal; 1.17, conventional hydropower; 1.47).

4.3.2  Preliminary Design for the Promising PSPP Site
The preliminary design of Phu Yen East site was carried out with the above graph.
The outline of the main features is shown in Table 4-3-3, and structural drawings of the PSPP
are presented in Figure 4-3-3, 4-3-4 and Appendix 4-7-1.
The difference of the previous design is as follows.
1) The shortest route was selected between the upper reservoir and the lower reservoir for the
tunnel alignment of waterway.
2) The location of the underground powerhouse was shifted the upstream in order to
minimize the overburden of it.

3) According to the 2), the penstock became shorter.
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Table 4-3-5 Main Features of Phu Yen East PSPP

Description Unit Phu Yen East PSPP
Installed Capacity P MW 1,200
= . . 3
g Demgped Discharge Qd m’/s 271
S |Effective Head Hd m 559
O [Peak Duration Hours hrs 7
Type Full Face Pond (Asphalt)
Height H m 35
Crest Length L m 2,000
2 |Dam (Bank) Volume \ m’ 4,500,000
% Excavation Volume Ve m 4,800,000
E Reservoir Area Ra km’ 0.3
g Catchment Area Ca km’ 0.3
f; H.W.L. m 880
L.W.L. m 850
Usable Water Depth m 30
Effective Reservoir Capacity min. m’ 6.9
Type Concrete Gravity
‘2 |Height H m 80
% Crest Length L m 150
E Dam (Bank) Volume \Y m’ 200,000
2 |Reservoir Area Ra km’ 1.1
g Catchment Area Ca km’ 16.0
8 HW.L m 277
5 |L.W.L. m 270
£ |Usable Water Depth m 7
— | Effective Reservoir Capacity min. m’ 6.9
% |Penstock L (m) xn m 5.9 x1,400%1
g Tailrace L (m)xn m 7.3%x2,300x1
§ Total Length Lt m 3,700
Type Egg-shape (Underground)
9 |Overburden m 350
é Height m 49
5 |Width m 32
E Length m 165
Cavern Volume m 185,000
2 Type Single-Stage Francis
5 |Number unit 3
& |Single generating capacity MW 400
Lt/ Hd 6.6

-4-57 -



	Cover
	Preface
	Letter of Transmittal
	Vietnam Map
	Contents
	Lists of Table and Figure
	Acronyms/Abbreviations and Unit
	Chapter 1 Introduction
	1.1 Background
	1.2 Objectives and Scope of the Study
	1.2.1 Objectives
	1.2.2 Geographical Scope
	1.2.3 Scope of the Study

	1.3 Methodologies of the Study
	1.3.1 Composition of the Study Team and Study Flow
	1.3.2 Work Schedule

	1.4 Organization and Progress of the Study
	1.4.1 Members of Counterpart Personnel
	1.4.2 Members of the Study Team
	1.4.3 Progress of the Study


	Chapter 2 Current Situations of Power Development
	2.1 Energy Sector
	2.1.1 Organization
	2.1.2 Energy Resources
	2.1.3 Energy Development Plan
	2.1.4 Demand-and-Supply Plan of Primary Energy
	2.1.5 National Energy Security

	2.2 Power Development
	2.2.1 Organization
	2.2.2 Electricity Consumption, Peak Demand, and Characteristic of Consumption
	2.2.3 Existing Power Facilities
	2.2.4 Situations of Transmission System Development
	2.2.5 Present Conditions of Transmission System and SCADA System Operation
	2.2.6 Electricity Tariff System
	2.2.7 EVN Financial Situation

	2.3 Relevant Measures and Policy
	2.3.1 Relevant Power Sector
	2.3.2 Environmental Considerations in Vietnam and for Other Related Projects


	Chapter 3 Current Situations and Evaluation of Power Sources Development Plan (Revised 5th M/P)
	3.1 Evaluation of Demand Forecasts
	3.1.1 Demand Forecasts
	3.1.2 Confirmation of Demand Forecasts

	3.2 Power Sources Development Plan (Revised 5th M/P)
	3.2.1 Power Sources Development Plan
	3.2.2 Supply and Demand Balance

	3.3 Current Situations and Review of Transmission System Development
	3.3.1 Development Plan for Transmission System
	3.3.2 Review of Transmission System Development Plan

	3.4 EVN Financial Projection
	3.4.1 Profit Plan
	3.4.2 Fund Raising Plan
	3.4.3 Comments on EVN Financial Projection


	Chapter 4 Possibility of Installation of Pumped Storage Power Plant
	4.1 Roles and Functions of PSPP
	4.2 Project Finding of PSPP
	4.2.1 Establishment of Criteria for Project Finding of PSPP
	4.2.2 Map Study of PSPP
	4.2.3 The First Field Survey
	4.2.4 The Second Field Survey
	4.2.5 Selection of Priority Pumped Storage Sites
	Figure 4-2-9 Layout of Bac Ai (JS6) project


	4.3 Preliminary Structural Design of the Priority PSPP
	4.3.1 Evaluation of Scale of the Priority PSPP
	4.3.2 Preliminary Design for Promising PSPP Site
	Figure 4-3-3 Project arrangement of Phu Yen East site

	4.3.3 Preliminary Design of Phu Yen West and Bac Ai Sites
	Figure 4-3-9 Project arrangement of Phu Yen West site
	Figure 4-3-10 Waterway section of Phu Yen West site



	Chapter 5 Feasibility of Developing Peaking Power Supply
	5.1 Feasibility of Developing Conventional Hydropower for Peaking Power Supply
	5.1.1 Current situations of the Existing Conventional Hydropower Plants and Purpose of the Study
	5.1.2 Preliminary Study for Development of Peaking Power Supply by Extension regarding the Tri An Hydropower Station
	5.1.3 Power Extension of Conventional Hydro Plant in the Northern Region

	5.2 Other Power Sources
	5.2.1 Applicability of Gas TPP Development in the North
	5.2.2 Applicability of Coal TPP Development in the South
	(4) Unit Generation Cost Calculation 



	Chapter 6 Master Plan on Optimization for Peaking Power Supply 
	6.1 Preliminary Study of Optimization of Peaking Power Supply
	6.1.1 Efficient Simulation Tool for Optimizing Peaking Power Supply
	6.1.2 Comparison of Generation Costs of Peaking Supply
	6.1.3 Current and Forecasted Peak Demand
	6.1.4 Appropriate Reserve Margin based on System Reliability Criteria

	6.2 Study on the Optimal Composition of Power Development Focusing on Peaking Supply
	6.2.1 Establishment of Power Development Plants for the Simulation
	6.2.2 Necessary Supply Capacity to Secure the System Reliability Criteria
	6.2.3 Study on Peak Supplies in 2015
	6.2.4 Study on Peak Supplies in 2020
	6.2.5 Appropriate Duration of PSPP Operating Times
	6.2.6 Effects of Interconnection between the North System and the C & S System
	6.2.7 Appropriate Composition in 2020
	6.2.8 Examination of Sustainability of the Appropriate Scenarios

	6.3 Study of System Reliability
	6.3.1 Method of Study of System Reliability
	6.3.2 Main Study Conditions
	6.3.3 Optimization Study of 500kV System in 2020
	6.3.4 Methods of Power Transmission of PSPP in the North


	Chapter 7 Investment Plan and Financial Projection
	7.1 Long Term Investment Plan
	7.1.1 Investment Plan based on the Revised 5th M/P
	7.1.2 Long-term Investment Plan and Running Cost Projections based on the JICA Study

	7.2 Study Projections
	7.2.1 Study Projections Environment
	7.2.2 Financial Projections
	7.2.3 Projections Results
	7.2.4 Financing Recommendations


	Chapter 8 Environmental Considerations on the Project from the Global Perspective
	8.1 Environmental Considerations on Power Development
	8.1.1 Strategic Environmental Assessment：SEA
	8.1.2 Environmental Impact Assessment：EIA
	8.1.3 Japanese ODA and Environmental Considerations

	8.2 Demand Side Management (DSM)
	8.2.1 Current Situations and Future Plans on DSM in Vietnam
	8.2.2 DSM Practices in ASEAN Countries and Japan


	Chapter 9 Recommendations
	9.1 Recommendations from the View Point of Power Development Plans
	9.1.1 Recommendations about Optimum Power Development Plans
	9.1.2 Recommendations about Transmission System Expansion Programs

	9.2 Recommendations on Power Development from the View Point of Environmental Considerations
	9.2.1 Power Development Scenario
	9.2.2 Implementation of Environmental Considerations

	9.3 Recommendations from Financial Perspective

	Chapter 10 Technology Transfer
	10.1 Selection of Candidate PSPP Sites
	10.1.1 Project Investigation
	10.1.2 Environmental Considerations

	10.2 Power Planning and Analysis
	10.3 Workshop
	10.3.1 Preparing and Holding the 1st Workshop
	10.3.2 Preparing and Holding the 2nd Workshop
	10.3.3 Preparing and Holding the 3rd Workshop





