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SUMMARY

The objective of this report is to provide recommendations for the
selection of sites for the VSRE Pilot Projects, Ha Giang Province. The
screening process started in October 2005 with a discussion with the
PMU on plans for the province.

Ha Giang Province is very large, and obviously, the Consultant can not
visit all possible sites in the province and the search for the “ideal” site
could be endless. The site screening is therefore based on the District
Off-grid Renewable plans and proposals provided by Ha Giang PMU. In
preparation of the site screening, criteria for sites and the Off-grid District
renewable energy plans were prepared.

The criteria are deducted from the Project Document for Vietnam Sweden
Rural Energy Programme. The District Off-grid Renewable plans were
prepared based on Electricity Development Master Plan for Ha Giang for
the period 2005-2010 including perspectives up to year 2015. The District
Renewable Energy plans points out interesting sites to consider, and
based on the analyses a number of sites were visited.

The potential for renewable energy in Ha Giang is closely related to
Hydropower, and the potential is huge. Unfortunately the potential for
wind and solar energy is limited. Other sources and technologies could
be considered (Biomass, Biogas, sterling, fuel cells), but all of these
comes at considerable costs. If solar and wind is to be utilised, it would
require years of measuring, time not available for the Consultant.

Five sites were visited and three of these showed to be qualified.
However a closer survey narrowed the qualified site to two sites, and
these are:

Thuong Son Commune/Vi Xuyen District (Bo Duot) is located 6 km. from
the end of a very weak low tension line and 10 km from Commune Centre
connection. The site holds potential for productive use of electricity.

Tien Nguyen and Tan Bac/ Quang Binh District (Hoa Binh) is located 8
km from the Grid. The site holds potential for productive use of energy.

Tentative project outline have been prepared for the two sites, with the

following characteristic:

Site Thuong Son Tien Nguyen
Households 300 130

Distance to the National Grid 10 km 8 km
Capacity 100 kW, Hydro 40 kW, Hydro
Annual flow 600 I/'s 800 I/s
Design flow 400 I/s 600l/s

Annual Demand (first year) +/- 100 MWh/Y +/- 45 MWh/Y

Total investment

+/- 310,000 USD

+/- 160,000 USD

Investment per household

+/- 1,000 USD/HH

1,250 USD/HH

Investment per kW installed
capacity

+/- 3,100 USD/KW

+/- 4,000 USD/KW
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2 INTRODUCTION

The objective of this report is to provide recommendations for the
selection of sites for the Pilot Projects. The screening process initiated
during the Preparation Phase of the VSRE project through discussions
with the Ha Giang PMU.

Ha Giang Province is very large, and obviously, the Consultant could not
visit all possible sites in the province and the search for the “ideal” site
could be endless. The site screening was therefore based on the District
Plans for Electricity Development.

The screening process started in October 2005. First, the criteria to apply
and the method for evaluation were prepared and the criteria were
discussed with the PMU. Further, the plans for the province were
discussed.

As preparation for the screening, District Off-grid Renewable Energy
Plans for each of three districts in Ha Giang Province were prepared.
These plans were based on the Electricity Development Master Plan for
Ha Giang Province for the years 2005-2010, and perspective for year
2015, prepared by Institute of Energy, EVN in August 2003 and approved
by Ministry of Industry by Decision No. 3839/QD-BCN, 22 Nov 2005.

The Electricity Master Plan for Ha Giang Province was prepared on the
following documents:
The Socio-economic Development Master Plan for Ha Giang
Province for the years 2001-2010.
The Sector Development Master Plan for Ha Giang Province for the
years up to 2010. The plan covers development within the sectors:
Industry, Service, Commercial-Tourism, Agriculture, Transport, and
Construction Development
Preferential Investment Projects in the Ha Giang Province provided
by the Department of Planning and Investment of Ha Giang
Province.
Electricity Projects approved by EVN and PC1 that have been
planned and implemented.

The there district plans showed a number of potential sites that could be
pilot projects for VSRE. Each of the sites visited show possibility of
hosting a pilot project. The calculations of the potential projects are
attached and key figures are included in the report. The cost estimates
for these projects are preliminary and might change significantly during
preparation of the Project Investment Report for each site (feasibility
studies).

The conclusions of the report are drawn from the findings of the

screening process. Two sites are recommended as suitable for hosting
the pilot projects.
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CRITERIA, AND EVALUATION OF CANDIDATE SITES

CRITERIA FOR CANDIDATE SITES

The overall objective of the Rural Energy Programme is “that the rural
population of Vietnam has increased access to options for rural energy
services that are reliable, affordable, appropriate, and sustainable.”

In the VSRE Area 5 report’ it is stated that introduction of electricity is not
necessary facilitating economic activities. Therefore the VSRE criteria
include a level of economic activities. It is expected that electricity can
facilitate further economic development but not in itself initiate economic
activities.

The criteria for selection of candidate sites are:

Site musts not be connected to the National Grid and must hold
potential for exploiting renewable energy, making it possible to
supply electricity from renewable energy as the main source.

Distance to National Grid must be substantial/costly.

Sites must have either no or only unreliable, unaffordable,
inappropriate, and/or unsustainable electricity supply.

Site should preferably have an appropriate level of economic
activities that could increase when connected to a reliable and
affordable energy supply?.

Possibilities for integrating with other development activities should be
considered, but is not included as a criterion. In Vietnam there are many
initiatives for development financed by the Government of Vietham and
ODAs. Contacts will be made to relevant institutions to lead the way for
other development activities on the sites.

3.2 EVALUATION OF CANDIDATE SITES

Evaluation of sites will be based on:

Assessment of potential:

Hydro:

Using a map survey (preferable 1:50000) for identification of: Area,
height differences, raining levels (according to the Vietnamese standards
—volume 2), and average raining levels. Based on the Survey, water flow
and expected capacity will be assessed. At least one site visit is needed
to check and update information.

Wind:
Available measurements from near by metrological stations. Visits to
metrological stations necessary.

Solar:

Thermal: Need for hot water for economic activities and for domestic use.
Photovoltaic: Surveying solar radiation and potential for storing electricity
from day to night.

! Rural Electrification Impact Study and Analysis (second stage, 2005) Draft
Report August 2005.

% These activities are: Farm activities such as farming, water pumping, processing,
agro-business, etc. and/or: Non-farm activities in micro to small and medium
enterprises such as dyeing, weaving, services, food processing etc.
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Biomass:

Potential for CHP based on demand for hot water for economic activities
and domestic use. (CHP, as the potential for other use of biomass
assumingly is explored).

2. Costs
Hydro:
For off-grid mini- hydropower plant, the cost of transmission from
production facilities to consumers, usually accounts for about 20 — 40%
of total project cost. To reduce cost the producing units should not be far
from the area to supply. This distance is not standardized but it is usually
less than 4 km from sites with about 400 households, and usually less
than 2 km from sites with about 200 households.

Wind:

If wind energy is considered as an option, the demand for electricity
needs to be substantial. However, smaller turbines could be useful and if
possible.

Solar:

Thermal: Specific use should be identified.

Photovoltaic: Household applications with “banking” and “wheeling” to
the local “grid” should be considered.

Biomass:
Potential for CHP should be explored.

3.  Environment
Hydro:
For mini hydropower the trade-off between agriculture and flooding an
area must be considered.

Wind:
Possible wind turbines must be sited not to create “stroboscopic” effects

Solar:
Thermal & Photovoltaic: Visual disturbances and reflections must be
avoided.

Biomass:
Evaluation of source.

4. Requirements on population, social, cultural and economic
conditions
All:
Selected sites should have hold no less than 100 households, within
approximately 1km. from the plant. Economy should be relatively
developed for the households to be able to pay for electricity, and for
possible management of the plant.

For each considered site, the evaluation report follows the above
framework. Reports will be submitted to PMB and PMUs for approval.

For the screening of sites, the system analysis will be made using

methods provided by Area 1 or if not (yet) available by the use of
computer models available.
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4.2

HA GIANG PROVINCE

GEOGRAPHY AND CLIMATE

Ha Giang is a mountainous province in the Northern region of Vietnam.
To the North is the border to China, to the East the border to Tuyen
Quang Province, to the West the border to Lao Cai and Yen Bai
Provinces.

The capital of Ha Giang Province is Ha Giang Town, 320 km North-West
of Hanoi.

The area of the Province is 17,884.37 km2 and a 90% of the area is
mountainous and highland areas. The highest mountains are up to over
2000 m, with Ta Khay 2274 m and Tay Con Linh 2418 m. Ha Giang
Province is next to the Hoang Lien Son mountain chain and Tay Con Linh
mountain chain, with the Dong Van Highland that becomes higher and
higher towards the Noth-West and lower and lower towards the South-
East.

The climate of Ha Giang lowlands is tropical and in the mountainous
areas the climate is sub-tropical. Summers are warm and humid, 80-87%.
The warmest months are July and August and the coldest months are
December and January. The rainy season is half of the year from May to
October with the total rainfall of 2,400-2,700 mm. The dry season is from
November to April with an average rainfall of 20-40 mm. The average
humidity in the province is about 70%.

EcoNomic DEVELOPMENT

In 2005 the total population of the Ha Giang Province was 598.915
persons, with 24 ethnic groups. Ha Giang Province administration is
divided into 1 town and 10 districts with 191 communes. Ha Giang
Province is one of the poorest provinces in Vietnam with the annual
average income per capita of 2.4 million VND in 2003, and that is 59" out
of the total of 64 provinces in Vietnam.

In recent years, Ha Giang Province has increased exploitation of its
resources such as apatite mining, and forestation to convert the
economic structure from traditional agriculture to industrial crops.
Furthermore, commercial tourism services have developed as well.

Growth rates of the provincial GDP have been high in recent years, with
10.3% in 2003, 11.4% in 2004, and 12.7% in 2005.

At present, all the district centres and almost all commune centres are
supplied with electricity. In 2005, 181 of the total of 191 communes in the
province had electricity supply, either from the National Grid or from
independent small hydro power plants. In 2005 the supply of electricity
was reaching 90% of all households. At the end of 2005 all villages within
Ha Giang Town jurisdiction were supplied with electricity.

According to the approved Electricity Development Master Plan for Ha

Giang Province, almost all communes will have electricity supply by year
2010. Only a few villages, with extremely difficult conditions such as
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4.3
43.1

4.3.2

remote, scattered populated, difficult access conditions, will not be
connected to the National Grid. The long term planning estimates that by
2015, almost all of these villages will be supplied with electricity from off-
grid applications with renewable energy such as small hydro and solar
energy.

Investment capital for such kind of RE projects will be from the Annual
Provincial Budget, from the Programme 135 Budget and loans from the
WB.

POTENTIAL FOR RENEWABLE ENERGY

SMALL HYDRO POWER

Ha Giang as a mountainous province has wide and deep slopes with
many streams and rivers promising high potential for hydro power.
Development of small scale hydro power has been going on since the
1960s development resulted in hundreds of small hydro power plants with
unit capacities from 20 kW to several hundreds kW. Most plants were for
off-grid electricity supply.

However, almost all of these off-grid plants have stopped operation for a
number of reasons, of which the most important are:
Extension of the National grid to cover the area and the competitive
tariff of grid supplied electricity.
And/or technical malfunctions due to:
- Limited technical assistance.
- Limited maintenance.
- Limited, or no, access to spare parts.
- Insufficient education of operators to operate, maintain, and
repair the plants

At present, grid-connected hydro power plants in the of MW class, are
developed. These plants are owned and operated by joint stock
companies or private companies, and the income is generated from
selling electricity to the national grid based on IPP contracts. These
plants are all much larger than the small scale plants previously operated
in off-grid configuration, and these plants are not considered in risk of
termination for the reasons stated above.

The potential for small scale hydro power persists on the sites previously
abandoned and on sites yet to be developed. Plants on these sites could
supply electricity to those areas that will not be connected to the national
grid in a near future.

SOLAR ENERGY:

Of the provinces of the North of Vietnam, Ha Giang is the province that
has installed and applied the largest number of solar systems. The total
sunny hours and sunlight radiation per year is relatively high and that
makes solar energy a valid option for areas that can not be supplied from
the National Grid or do not have hydro power potential.

Table 1 and 2 show the average sunny hours and average sunlight
radiation in Ha Giang as the following®:

® Source: Hydro Meteorology General Department
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4.3.3

Table 1: Average total sunlight radiation for month

s and for year in

Ha Giang

(kcallcm?)

Jan |Feb |Mar [Apr May Jun Jul Aug |Sep |Oct |Nov |Dec [|Year
3.2 6.4 7.6 10.1 [12.3 (109 [11.9 [12.1 11.6 8.9 7.3 6.0 110.2
Table 2: Average sunny hours for months and for yea  rin Ha Giang

Jan |Feb Mar |Apr May Jun Jul JAug |Sep Oct |Nov |Dec |Year
82.4 [93.8 |142.3 [172.3 [191.3 [151.9 [188.8 |170.4 [148.9 [129.6 [126.1 [109.6 |1707

The figures above show that Ha Giang Province holds solar energy
potential. However, compared to provinces in the South, the solar
radiation in Ha Giang is low.

No measurement of solar radiation is available for the specific sites
considered (se later). The impression when travelling the area is that on
the specific sites solar radiation is low. The terrain is mountainous the
weather conditions are changing from one mountain side to the next, and
clouds or fog is covering fully or partly. The vegetation is juicy green

plants, not allowing much reflection of light.

Based on the above, considering solar energy on specific sites would
require years of identifying measurement sites, measuring solar radiation
- years not available for the Consultant.

WIND ENERGY, BIOGAS, GEOTHERMAL ENERGY

Wind energy:
Ha Giang is a mountainous area with a very gentle wind regime. Usually
the highest wind is from May to August from South and with some
extreme winds. November to January is the North-east wind season. The
average wind speed is from 1 m/s to 2 m/s. The yearly hours of 5 m/s, the
minimum speed for electricity generation using wind turbines, is less than

1000.

The Wind Atlas made by the World Bank from satellite measurements &
MesoMap method, indicates no commercial wind in the province. These
measurements are supported by observations made by the VSRE Team
during several visits. A good wind regime would leave its marks in nature,
on buildings, and in people’s behaviour. Such marks are lacking.

So far, no suitable sites for wind energy have been identified, and
considering wind energy would require years of identifying sites for

measurement and measuring - years not available for the Consultant

Biogas:

Ha Giang is a poor province with low self-provision and self-supply.
Outputs of agricultural products such as rice, corn, sweet potato, cassava
are just enough for the local households. Husbandry is mainly by free
land grazing. There are only limited capacities for industrial processing of
agricultural products and no large livestock farms. The sources of raw
material for producing biogas are scattered and the total potential is

considered to be limited.
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Biomass is used for many purposes, but using it for power generation or
even CHP is not considered an option.

Biogas could be considered as an option for fuelling an engine producing
electricity. This option will be considered for the specific applications.
Most likely each pilot project need some conventional capacity for dealing
with peak loads and through dry periods, and such engine could be fully
or partly fuelled by biogas. Introducing biogas requires access to manure.
Manure is available at the visited sites, but scattered and collection could
be organised.

Geo-thermal energy:

Ha Giang is an old geological area and almost of its area is with
sedimentary rock and soil. Many studies on the geo-thermal potentiality in
Ha Giang have been made, concluding that the potential for exploiting
geo-thermal in Ha Giang is very limited.

Other technologies:

Some other technologies are available for using biomass in electricity
production, and among these is the Sterling engine. Though the principle
of a Sterling engine is more than 100 years old, it has still not been
developed to a stage for remote or rural application. Though the scaling
of the technology is appropriate, Sterling engines are not proven
technology in the configurations considered.

A technology that has developed over the last couple of years is hybrid
systems with reverse fuel cells. PV can be applied to these systems.
These systems are operating with no emissions and with low running
costs and should be considered for backup instead of conventional
diesel. Further, these systems could also be used for storing energy
during low load periods and for electricity production during peak load.
Whether these systems are appropriate for rural sites need to be
established.
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PLAN FOR ELECTRICITY DEVELOPMENT

MASTER PLAN FOR HA GIANG TO 2015

A resolution from the Provincial Party Committee’s Fourteenth Congress
set the goal that 80% of all households in the province should be supplied
with electricity in year 2010. The goal represents a 15% increase
compared to year 2005*. To pursue the goal, Ha Giang has paid attention
to identification and development of sites for hydro power applications
and has prepared many programmes to mobilize fund for technical
assistance and for development of off-grid hydro power systems.

However, the Province is facing many obstacles for viable
implementation of off-grid hydro power such as the insufficient
infrastructure, inefficient management skills, and lack of understanding of
business models.

Electricity Development Master Plan for Ha Giang for the period 2005-
2010, including perspectives up to year 2015, operates with different
electricity supply options for different areas in the Province including
different kinds of renewable energy (solar energy and/or hydro power) for
the villages that will not be connected to the national grid.

For each district in Ha Giang, the options for electricity supply have been
mapped. In the table below the commune plans for 2010, 2015, and the
years beyond 2015 are listed. The full list with all commune names is
attached.

It appears from the list that the plans are to connect all but 4 communes
to the national grid, those 4 communes are: Thong Nguyen Commune in
Hoang Su Phi District, Thuong Son Commune in Vi Xuyen District, Tien

Nguyen and Tan Bac Communes in Quang Binh District.

These communes will remain off-grid. The funds for developing the off-
grid systems are disbursed from the Annual Provincial Budget, from the
135 Programme Budget and loans from WB.

* Document from the Provincial Party Committee’s fourteenth Congress for
the period 2005-2010
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5.2

Table 3: Planned Electricity supply options for com

Province, up to year 2015.

munes in Ha Giang

Communes 2010 — 2015 n year 2015

1. Dong Van District Out of 19 communes

- 2 communes Small hydro and PV All villages supplied

2 Meo Vac District Out of 17 communes

- All 6 communes Small hydro and PV All villages supplied

3 Yen Minh District Out of 16 communes

- All 4 communes Small hydro and PV All villages supplied

4 Quang Ba District Out of 13 communes

- 5 communes Small hydro or PV All villages supplied

5 Xin Man District Out of 20 communes

- 6 communes Small hydro and/or PV All villages supplied

6 Hoang Su Phi District Out of 27 communes:

- 7 communes Small hydro and/or PV All villages supplied
Thong Nguyen Small hydro 1 village NOT supplied

7 Bac Me District Out of 13 communes

- 6 communes Small hydro or PV All villages supplied

- Duong Hong Small hydro and PV All villages supplied

8 Bac Quang District Out of 33 communes

- 3 communes Small hydro All villages supplied

9 Quang Binh District Out of 40 communes

- Tan Bac Small hydro and PV 2 villages NOT supplied
Tien Nguyen Small hydro 1 village NOT supplied

- 2 communes Small hydro All villages supplied

- Ban Ria PV All villages supplied

10 |Vi Xuyen District Out of 60 communes

- 4 communes Small hydro All villages supplied

- Thuong Son Small hydro 5 villages NOT supplied

Four communes are planned still to be off-grid by year 2015 and not all
villages in the communes will have electricity supply. These four
communes are in need of special arrangements to make sure that their
systems are reliable, affordable, and appropriate. As there are no plans,
these are the villages in danger of developing unsustainable individual
solutions based on small scale generators and small scale batteries.

VI XUYEN DISTRICT OFF-GRID RENEWABLE ENERGY PLAN

According to the approved Electricity Development Master Plan for Ha
Giang, 23 out of 60 communes in Vi Xuyen District will not be supplied
from the National Grid in 2010. By 2015 only Thuong Son commune with
5 villages and with approximately 300 households will not be supplied.
The 5 villages are Tung Son, Bo Duot, Cao Banh, Dan Khao, Khiet
villages in Thuong Son Commune.

Studies of off-grid renewable energy applications for these villages have
been made (small hydro power, solar energy, and wind energy). These
studies show that hydro power is the best solution for these villages as
the villages are located close to sufficient water sources.

Close to Bo Duot village runs the Trung Son stream, with a dry season
water flow of about 0.6 m3/s. According to the site survey, the Trung Son
stream creek has a gradient that creates a high difference, providing
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5.3

5.4

5.5

good hydro power potential. It is estimated that with a water channel
about 500 m long, a 50 m height difference could be established.

HOANG Su PHI DISTRICT, OFF-GRID RENEWABLE ENERGY PLAN

In the 27 communes in Hoang Su Phi District, 70 villages will not be
supplied with electricity by 2010. However, according to the Electricity
Development Master Plan for Ha Giang, only 2 villages in Thong Nguyen
Commune will not be supplied with electricity by 2015.

By 2015 only Phin Ho village (more than 1000 m over the sea level) in
Thong Nguyen Commune and the future re-settlement village will not be
supplied with electricity. Studies of off-grid renewable energy applications
(small hydro power, solar energy, wind energy) have been made. These
studies show that hydro power is the best solution for these villages as
the villages has advantages of water sources and water heads.

Close to Phin Ho village, the Phin Ho stream runs with the water flow in
dry season about 0.075 m3/s. According to the site survey, the Phin Ho
stream has a gradient creating good hydro power potential. It is estimated
that with a water channel length is about 200 m, a 20 m height difference
could be achieved.

Down stream the Phin Ho stream is a re-settlement village with estimated
number of 160 household. The water flow is about 0.2 m3/s in the dry
season. The stream has a gradient creating good hydro power potential.
It is estimated that if the water channel length is about 200 m, it will
create a height difference of 50 m.

QUANG BINH DISTRICT, OFF-GRID RENEWABLE ENERGY PLAN

According to the approved Electricity Development Master Plan for Ha
Giang 15 out of 40 communes In Quang Binh will not be supplied from
the National Grid in 2010. By 2015 only about 150 households in 3
villages in Tien Nguyen and Tan Bac communes will not be supplied with
electricity.

Studies of off-grid renewable energy applications for these villages have
been made (small hydro power, solar energy, and wind energy). These
studies show that hydro power is the best solution for these villages.

In the centre of the area of the villages runs the Chung stream, with a dry
season water flow of about 0.5 m3/s. According to the site survey, the
creek has a gradient creating a height difference, providing good hydro
power potential. It is estimated that with water channel about 200 m long,
a 20 m height difference could be established.

CANDIDATE SITES APPEARING FROM THE RENEWABLE ENERGY PLANS

The analysis above shows that Thuong Son site in Vi Xuyen District, Tien
Nguyen site in Quang Binh District are the most suitable sites among the
sites considered, this in terms of financial criteria and electricity supply
capacity to the communities. Thong Nguyen 2 and Thong Nguyen 1 in
Hoang Su Phi District have lower numbers of households that could be
supplied and with higher investment rates and therefore ranked lower.
The ranking of the candidate sites is tentatively as follows:

1. Thuong Son site, Thuong Son Commune, Vi Xuyen District

2. Tien Nguyen site, Tien Nguyen Commune, Quang Binh District
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3. Thong Nguyen 2, Thong Nguyen Commune, Hoang Su Phi
District

4. Thong Nguyen 1, Thong Nguyen Commune, Hoang Su Phi
District
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CONSIDERATIONS FOR THE SITE SCREENING

SITES CONSIDERED

Based on the Renewable Energy Plan for each of three districts, the
consultant has made two site screening missions. The first was for overall
screening of all sites on the list and the second for a closer look at the
two most promising sites.

The sites proposed by the PMU, and visited, are shown below:

1. Minh Tan Commune
Quan Ba District
(not described)

2. Thuong Son Commune
Vi Xuven District

/ 4. Thong Nguyen Commune 2
Hoana Su Phi District

3. Thong Nguyen Commune 1
Hoang Su Phi District

6.2

5. Tien Nguyen Commune
Bac Quana District

CONSIDERATIONS ON COSTS OF ELECTRICITY SERVICES

One of the big challenges is scaling the capacity of the systems to the
demand and scaling to a financial optimum. To cope with the peak load
and seasonal variations in water flow, several options are available, and
among these are low-cost reserve capacity like motor driven generators
(fully or partly fuelled by biogas), water reservoir, compressed air,
hydrogen for fuelling a motor or fuel cells.

The systems all comes at considerable costs and the inclusions might be
in direct conflict with the desire for affordable systems.

The maximum tariff from the National Grid for households is limited to

600 VND/kWh, though non-grid systems are often operated with higher
tariffs. When the national grid arrives the maximum price of 600
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6.3

6.4

VND/kWh is applied, leaving the previously operated systems with no
options.

The maximum tariff therefore also creates the frame for the tariff of the
pilot projects that could be connected to the grid within the next 10 years.
If a higher tariff is applied, the requirements from possible financiers will
be repayment of any loans within a short period of time, and at least
loans to be repaid before a possible connection to the national grid could
be expected.

The “risk” of grid connection could be addressed using a higher tariff
during the period operated as independent grid, and a lower tariff when
grid connection is available. However, it could be difficult to justify such
policy partly due to conflict with the perception of fairness, and partly
because the first years consumption is essential for the financial
performance of the plant.

Preliminary calculations of the financial performance show that either the
tariff will be considerable or the grant element in the financing must be in
the range of 80% to 90%. The tariff question will be discussed further in
the detailed studies of the selected sites. The electricity demand for the
sites is calculated on the demand forecast prepared for the Technical
Standards (Area 2 of VSRE). This demand forecast is stated as kWh per
household for a full year. For 2010 it is forecasted to be 400 kWh to reach
600 kWh by 2015. It represents an annual increase of 8.5%.

ENVIRONMENTAL CONCERNS

The individual energy solutions on the sites that could be replaced by
electricity are mainly for lighting and appliances. Supply with electricity
from renewable energy will replace kerosene for lighting, Pico-hydro, and
to some extend the use of batteries.

The emissions avoided are considered to be limited and could not be
estimated based on the available information. However, many of the
batteries used are ending up in nature and reducing the use of batteries
will also reduce the environmental load from batteries discharge in
nature.

The construction of a possible hydro power plant will be visible in the
landscape; however, the impact will be limited. No big dams are
considered and the environmental impact is mainly during construction.

REQUIREMENTS ON POPULATION, SocIAL, CULTURAL, AND ECONOMIC
CONDITIONS

A general observation on the sites and in newly electrified areas is the
presence of satellite disks, and it is assumed that the households
therefore also have a TV set. This shows about the use of electricity and
the willingness to connect and consume electricity. It also shows
willingness to pay for TV services, but not the willingness to pay for
electricity.

The households visited serviced by Pico-hydro also had TV sets running.
And when supplied from Pico-systems there is no meter showing the

consumption the cost of running appliances and light. When served from
a village system and metered, the households will receive bills based on
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consumption. The household will probably learn to switch off the TV and
light when not used and the load on the village grid will probably be lower
than the sum of production from the present Pico- systems.

In order not to create misunderstandings and to promote low-cost
household connection the billing system could be based on a lump sum
regardless the consumption, and only later meters could be introduced.

Among the social requirements are the need to organise and the need to
inform about the village grind and the use of electricity. External supply of
electricity is a new concept for the villages, and the need for information
and insight is considered to be high. It is therefore important that the
management of the system is openly informing about issues and
especially making accounting accessible for the costumers.

Establishing a village grid is a step forward in development, as this is
among the first infrastructure investments that could entail economic and
social development.

The Team has at many occasions been told that fee collection is costly,
time consuming, and difficult. An option that will be considered is pre-
payment systems

Pre-payment metres come at costs, but at the same time save costs of
reading metres, billing and losses from those not paying at all. It is
however doubtful that it would pay off. The option of pre-payment will be
analysed further in the detailed studies.

The socio economic issues will be analysed in details in the detailed site
studies.
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7.1
7.11

FINDINGS ON SITES AND EVALUATION OF SITES
VI XUYEN DISTRICT

THUONG SON COMMUNE

Thuong Son Commune is located in the South of Ha Giang Province in Vi
Xuyen District.

Thuong Son is one of 23 high mountainous communes of Vi Xuyen
District and located 30 km South-West of the District Centre and 20 km
from the national highway # 2.

The Commune includes 12 villages. The total population is 4,846 persons
living in 904 households (in 2005). There are 8 ethnic groups including
Dao, Nung, Tay, Hmong, Kinh and other small ethnic groups. Each
village usually host one ethnic group, though some villages host more
than one ethnic group.

The Commune has total land area of 11,769 ha. Hereof 1,397 ha
agriculture land, 923 ha tea plantation, 418 ha other agricultural use, and
7,211 ha unused forest area.

The average income is 4 million VND per person per year. The number of
households better off is limited to 17 of 904 households. Upper middle
level income is 38 of 904 households, and middle income level is 289 of
904 households. The rate of poverty is 60.2. %. (New MOLISA poverty
standard, 2005).The Commune is on the list of the communes in the most
difficult conditions (MOLISA, 2001).

At the commune level, main basic infrastructure has been developed like
Commune Peoples Committee building, elementary and lower secondary
schools, health stations, etc. In the Commune Centre a tea workshop is
operated by Thanhson limited company. The capacity of the workshop is
7,000 kg tea per day.

A total of 772 households have access to electricity from grid or Pico-
systems.

The District reported that only 236 households in 2 villages (Trung son
and Vang Luong) close to the commune centre have access to electricity
from the National Grid at a price of 600 VND/KW. On the average, a
household pays 10-15,000 VND/month for electricity used mainly for
lighting and TV. Few households, who are in service supply business,
pay up to 30,000-40,000 VND/month. The payment schedule is set up by
the local branch of EVN and fee collection is managed by local agent in
the village.

536 households use Pico-systems for lighting and TV. The remaining 132
households living far from the main road do not have access to electricity
source.

Very few households use small diesel generators for service business or
tea processing.

Page 17 of 45



HG Site Screening

7.1.2

Some services are supplied by 2 cooperatives (tee processing and selling
etc.), no other traditional crafts.

The furthest off-grid village is Bo Duot which holds more than 100 ethnic
households.

A village on the way to Bo Duot (Trung Son with about 100 Tay ethnic
households) is connected to the grid. However, some time ago the supply
stopped due to fire in the transformer and it has not been replaced.
Instead, households re-established Pico-systems but with very low quality
of power, due to weak water flow during winter time and/or long distance
to stream. When supplied from the grid, a household paid for lighting only
about 5,000-7,000 VND/month. The individual household’s use of
electricity for production activities and other needs was limited.

In the comprehensive plan for the years 2003-2008, the commune strives
to become 1 of the 4 best model-communes in the Vi Xuyen District. The
plan includes economic targets for developing the potential sectors as tea
plantation, tea processing, branding of tea, animal husbandry, and other
agricultural and forest sectors. The plan also includes targets for
development indicators, such as social security, education, health,
investment in basic infrastructure (road, sanitation, water, etc), and better
governance.

In the Commune and the surrounding area some 5 villages are without
access to electricity from grid and no plans for supply exist.

THUONG SON (Bo DuoT)

The road to the site is usually servicing car transport (4X4s only), but on
the first visits only passable until app. 7 kilometres before the site. Due to
lack of time (mission called for meeting in Ha Giang Peoples Committee)
the site were not visited, but a settlement 6 km. from the site was visited.
On the second visit, the road was passable and the actual site was
visited.

Main population are Tay, Muong, Dlao, and Hmong. Main household
production is tea, rice, vegetables for own use, forest products, and
animal husbandry.

The site is located 6 kilometres from the end of a 0,4kV line and 10 km.
from the 10 kW line. The 0.4 kW line is weak and supply is unreliable.
Further, the transformer has been out of commission for some time and
no plan for repair is known.

No plan for extending the line is made.

The potential site is appointed as new inter- village centre (10 km from
the commune centre). 4 surrounding villages, which are close to the
potential hydro site are Bo Duot (108 households-Dao and Tay ethnic
groups), Cao Banh (71households-dao ethnic group), Dank Hao (61
households -Dao and Hmong ethnic groups and Ban Khoet (122
households- Dao and Hmong ethnic groups). In total 362 households.
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There is potential for productive use of electricity, as a limited company is
constructing a new tea processing workshop. The technology to be
applied is said to be served by a generator. Thus, the company could be
a major consumer of electricity. The generator at the plant could be used
as back up facility.

Other services operated by local households at the inter-village centre
are potential productive consumers.

Main local economic development potential are tea plantation (500ha)
and processing, herbs production (300 ha), rice production, animal
husbandry, vegetables, etc.

The main source of income is from agriculture activities including wet rice
plantation (one or 2 crops), traditional green tea, soybean, cinnamon and

herbs trees, animal husbandry, vegetables for own use, forest products
(wood, herbs), etc.

Picture 1: Bo Duot village, Thuong Son
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7.1.3
7.1.31

Picture 2 Thuong Son site for possible hydro power p lant

The demonstration value of selecting this site would be supply of a site
not too difficult to access and with potential demand for economic
activities. The challenges are the seasonal use of power for tea
processing (the peak load it creates) and the construction.

EVALUATION OF THUONG SON (Bo DuUOT)

Assessment of potential
The potential is for hydro power on the Thuong Son stream that runs near
Bo Duot villager.

The possible project is able to supply electricity for 4 villages within radius
of 4 km, namely Bo Duot, Cao Banh, Dan Khao, Khuoi Luong, with total
300 households.

Main specifications of a possible hydro project:

- Catchments area: 23 km?

- Average discharge: Qo =0.82m?%s
- Reservoir area: 800 m?

- Total reservoir storage: 800 m*

- Generator: 100 kw.

The demand for the households on the site is estimated to:

Thuong Son 300 Households

Year 2008 2010 2015 2020 2025
KWh/hhly 340 400 600 600 600
kWhly/site 102,000] 120,000{ 180,000{ 180,000| 180,000
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7.1.3.2

7.1.3.3

7.1.3.4

Further, use for productive use is not estimated as contact with key
customers has not been possible. The major key costumer on the site is
the tea processing workshop. The inclusion of the workshop will be made
in the detailed study for the site. The use of the electricity for the tea
workshop is assumed to be during the tea seasons and mainly during the
day. The peak demand from the households is assumed during evenings.

Costs

Preliminary estimates of the costs of a possible project are shown below.
The cost estimates for the project are preliminary and might change
significantly during preparation of the feasibility studies.

Investment cost: 5 billion VND (310,000 USD)
Investment rate: 17 million VND / household (1,000%$/hh)
50 million VND/KW (3,000 USD/KW)

Environment

The construction of a power plant will be visible in the landscape and the
planned canal will also be visible in the landscape. If the visual impacts
are considered to be too dominant, alternative solution for a canal to the
fore bay could be considered —i.e. tube.

The dam will be upstream from the village Bo Duot and the power house
down the stream from same village. This implies that some of the year
the stream could be dry over a short distance when the plant is producing
at full load.

The present use of Pico-hydro and kerosene for lighting will be replaced
and the emissions avoided are considered to be limited.

It has not been possible to estimate the number of batteries that would be
replaced, but the number is considered to be limited. Batteries are
available in the stores, and will still be used in mobile appliances such as
torches etc.

Requirements on Population, Social, Cultural, and Economic Conditions
The site is nominated as inter village centre, and is already under
change. The tea workshop is now the most dominant building in the heart
of the village. When the plant starts operating, the daily life will be
influenced by the activities. The construction of a hydro power plant will
further change the shape of the surroundings and the population has to
accept these changes.

Depending on the future organisational model for the plant, the
population has to organise themselves to operate and manage the hydro
plant. Further, the plant will be the first fee carrying infrastructure facility,
and that will require some awareness initiatives.

The overall evaluation: Thuong Son Commune/Vi Xuyen District (Bo
Duot) is located 6 km. from the end of a week low tension line and
connecting will be costly if the requirements are reliable and appropriate
energy supply. The site holds potential for productive use of electricity.
The site is considered as qualified.
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7.2
7.2.1

7.2.2

HOANG Su PHI DISTRICT

THONG NGUYEN COMMUNE

The commune is located 13 km off the main district road from Highway
#2 to Hoang Su phi District Centre. The commune’s length is 13 km.

In 2005, the commune was taken of the list of the poorest communes.
(MOLISA poverty criteria, 2001).

The commune consists of 12 villages with more than 400 households.
The distance from the furthest villages to the commune centre is 12km.

In each village reside an ethnic clan with about 30 households. The
ethnic groups are Dao, Tay, Kinh and other, of which Dao ethnics is more
than 80 %.

Commune Centre areas holds basic social services like public buildings,
health station, schools, market, etc. The Commune Centre is connected
to the electricity grid. 40 % of households close to the centre are
connected to the grid. 40 % of the remote households will not be able to
connect to the grid in a foreseen able future.

Some social services at village or inter-village level like health, education,
or community cultural and learning promotion centre etc., do not have
access to electricity.

Main economic activities are green tea production, rice cultivation,
vegetables, animal husbandry, forest products, small trade, etc.

The commune has some potential for further economic development and
strives to be the development model for the District (i.e. plan to develop
new resettlement area for total 150 households, development of eco-
based, community tourism, traditional green tea production, tea
processing, and craft promotion activities).

A tourism venue is under development, close to the site. The construction
has started, but has stopped while waiting for road and bridge
construction works to be completed. When road construction and bridge
construction are completed the access to the commune will be very easy.

THONG NGUYEN | (RESETTLEMENT SITE)

The site is only 4 km. from the Commune Centre and in the same valley.
Once the road and bridge construction is completed the access to the site
will be very easy. The planned economic activities are green tea
production, farming, and animal husbandry.
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7.2.3

7.2.4

Picture 3 Image from site

The area is planned to host 150 households that is to be resettled from
dangerous settlements.

In-between the site and the Commune Centre is the French tourist
development area, and as this is planned to be supplied from the grid, the
extension to supply the site is short and “just down the road.”

EVALUATION OF THONG NGUYEN | (RESETTLEMENT SITE)

Off grid supply option is limited to hydropower from a stream, with
observed flow of 2 m3/s, and with a fall of 50 metres.

The demonstration value of using this site would be limited to the
standards for supply grid, the house connections, and a hydro power
plant on a site very easy to access that properly will be connected to the
National Grid in a near future. Therefore the site does not qualify.

THONG NGUYEN Il (UP HILL SITE)

The site is located 12 Km uphill from the Commune Centre and only
accessible on motorbike or on food. On motorbike it takes approximately
one hour from the Commune Centre to the site.

The potential site includes 32 Households. The main economic activity is
tea growing and tea processing, but also farming and animal husbandry.
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7.2.5

Picture 4: Image from the site
The present electricity is supply is based on Pico-systems.

All households have tea processing facilities. 30 of the households have
engine to supply mechanical energy (7 kW) for the processing. The
engines are used during four two-week tea processing seasons.

Close to the village visited, are 2 other villages that potentially could be
supplied. The day visiting the site visibility was only 10 to 100 m and a
visual overview of the area was not possible.

EVALUATION OF THONG NGUYEN Il

The potential for wind energy is considered to be non-existing. The
potential for solar energy is considered to be very limited.

The site holds poor potential for hydropower. A stream is already
cultivated for irrigation purposes and the cultivation includes a small dam.
The stream runs with an observed flow of app. 0,5 M3/sek and nearby is
a waterfall of 200 m. However, the catchments area is limited and further;
the use of the stream for electricity production could conflict with the use
of the stream for irrigation.

The demand for electricity includes seasonal variations for the tea
processing and the water flow in the near by stream is too limited to serve
the demand. The need for additional capacity will therefore be
disproportionate large and the investment costs involved difficult to justify.

An alternative location of a possible hydro power plant with sufficient
water flow is located approximately 5 km (direct line) from a planned
strong grid connection.

A tentative hydro power project has been prepared; please refer to
appendix for details.

Though access to the area is difficult and time consuming, the direct line
of access to the grid is limited. Plans for extending the grid to a the tourist
development area will bring the distance to the grid down to
approximately 5 km in direct line. Considering the poor hydro resources
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7.3
7.3.1

7.3.2

and the need for peak load for tea processing, a grid connection is
considered as the most suitable solution.

QUANG BINH DISTRICT

TIEN NGUYEN COMMUNE

Tien Nguyen Commune is located 22 km from the Quang Binh District
Centre and has poor road access to district centre (18 km). The
Commune consists of 14 villages. Total area is 10.000 ha.

Total population is 2,300 persons. There are 4 ethnic groups living in the
area: Dao, Tay, Nung, and Hmong. Hereof Dao ethnic group is in majority
with 90%. The ethnic households are living scattered and in very far
distance from each others (100 - 300m)

The Commune consists of 14 villages with total number of households
about 400. Each village usually host a clan of ethnic households like Tay
or Dao.

The Commune is one of six communes in the district on the list of the
communes in poor and most difficult conditions. (MOLISA poverty criteria
and program #135 for the communes in the most difficult conditions,
2001).

The Commune centre and basic services are connected to the main grid.

5 villages within a distance of 4-5 km from each other and with about
more than 150 households are not connected to the grid.

Off- grid households are often using Pico-systems for lighting and TV.
The costs of these are 200.000-500.000 VND, but with very low and
unstable quality of electricity. Among the population there is an
expressed willingness to connect to more stable electricity supply to
satisfy needs like education, health, diversifying farming production,
cultural promotion, awareness raising, etc.

EVALUATION OF TIEN NGUYEN COMMUNE (HOA BINH)

There is a road from district to Commune Centre but only small trucks
and land cruiser cars can access to commune areas.

Main economic activities on the site are agriculture products including
rice, maize, ground peanut, soybean, cassava, animal husbandry,
vegetables, and green tea. Economic activities are mainly in self-
subsistent and small scale, though trade, and limited goods exchange is
part of the activities as well.

The main barriers for economic development are geographical condition,
road access, slow development of the economic structure, low
productivity, low value of main production for trade exchange, and limited
access to socio-cultural communication.

Potential for economic development includes increased capacity of small
local industry like green tea processing, handy craft development, and
others. Electricity supply is needed for development of economic
activities.
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Some tea processing facilities has been developed but in small scale and
not stable. Only few households own small diesel engines providing
mechanical energy for tea processing.

Most of the tea production is transported out of the area for processing.
Wholesale dealers are buying unprocessed tea and transporting it to
facilities for further processing. At the commune centre, there is one tea
processing workshop, serving as local processing point.

The transport of tea from the area to processing plants show that tea
processing is good business. If the tea could be processed on site, the
added value would prevail in the villages and thus contribute to increased
income.

A number of households use Pico-systems for lighting and TV.

3 identified villages are located close to each others and close to the
potential hydro site. Within 5 km are Xuan Trieu village with 46
households, Hoa Binh village in Tien Nguyen commune with 34
households, and Nam Khoan in Tan Bac commune (Bac Guang District)
with about 50 households. A forth village further away should be
considered to be included.

These villages are located far from the Commune Centre (12-15 km.) and
none of them have access to electricity from the grid. Hoa Binh village
visited is graded as a Cultural Village. Majority are Dao ethnic. A possible
electricity supply could meet household demand, demand for production,
and demand for public service needs (elementary schools, health,
communication post, cultural house).
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7.3.2.1

Picture 5: Potential site Tien Nguyen commune . Picture shot from
road access point and down the bottom of the valley

Picture 5 shows the location of the possible hydro power plant in the
button of the valley. The picture is taken from the nearest road access
and show that the access to the construction site is difficult.

The demonstration value of selecting this site will be supply of a typical
site, site covers 2 communes. With introduction of electricity, the energy
would be available for tea processing and investment in processing
facilities might follow. The challenges are the seasonal use of power for
tea processing (the peak load it creates), the construction (difficult access
to the construction site), and getting the materials there.

Assessment of Potential
The potential for wind energy is considered to be non-existing. The
potential for solar energy is considered very limited.

A possible hydro power project with the following specifications could be
constructed.

- Catchments area: 14 km?

- Average discharge: Qo =0.42m?s
- Reservoir area: 500 m?

- Normal water surface elevation: 360 m

- Total reservoir storage: 700 m?

- Generator: 40 kw

The project is able to supply electricity for 3 villages of two communes:
Hoa Binh villages and Xuan Trieu villages (Tien Nguyen commune) with
total 80 households and Nam Kham villages Tan Trinh commune, Bac
Quang district with total 60 households within radius of 4 km.
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7.3.2.2

7.3.2.3

7.3.2.4

Tien Nguyen Hydro-power project is intended to build on Chung stream,
in Xuan Trieu Commune, Quang Binh District, Ha Giang province.

Costs

Preliminary estimates of the costs of a possible project are shown below.
The cost estimates for the project are preliminary and might change
significantly during preparation of the feasibility studies.

Total cost: 2.6 billion VND (165,000 USD)
Investment rate: 18 million VND/household (1,200 USD/hh)

The demand for the households on the site is estimated to:

Tien Nyrgen 140 Households

Year 2008 2010 2015 2020 2025
KWh/hhly 340 400 600 600 600
kWhly/site 48,000 56,000 84,000 84,000 84,000

Further, use for productive use is not estimated as contact with key
customers has not been possible. The major key costumer on the site is
for tea processing. The use of the electricity for tea processing is
assumed to be during the tea seasons and mainly during the day. The
peak demand from the households is assumed during evenings.

Environment

The construction of a power plant will be visible in the landscape and the
planned canal will also be visible in the landscape. If the visual impacts
are considered to be too dominant, alternative solution for a canal to the
fore bay could be considered —i.e. tube.

The present use of Pico-hydro and kerosene for lighting will be replaced
and the emissions avoided are considered to be limited.

It has not been possible to estimate the number of batteries that would be
replaced, but the number is considered to be limited. Batteries are
available in the stores, and will still be used in mobile appliances such as
torches etc.

General on: Requirements on Population, Social, Cultural, and Economic
Conditions

The construction of a hydro power plant will change the shape of the
surroundings and the population has to accept these changes. However,
the site for the plant is relatively far from the areas with activities.

Depending on the future organisational model for the plant, the
population has to organise themselves to operate and manage the hydro
plant. Further, the plant will be the first fee carrying infrastructure facility,
and that will require some awareness initiatives.

The possible introduction of reliable electricity supply also entails a
possible change in the daily life. So far, the economic activities have
been around farming. When electricity is available, opportunities for
development of economic activities and among the most obvious ones
are tea processing. With introduction of machinery comes the need for
workshops for repair and so on. The electricity supply is providing
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opportunities for development, but the population needs awareness of
how to benefit from the opportunity.

Overall Evaluation: Potential site Tan Bac and Tien Nguyen (Hoa Binh) is

not grid connected and a grid connection is not planned. The site holds
potential for productive use of energy. The site is considered as qualified.
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8

SUMMARY OF FINDINGS

Site Minh Tan Thuong Son |Thong Thong Tan Bac and
Commune/Qu |[Commune/Vi [Nguyen | Nguyen Il (Up [Tien Nguyen
an Ba District |Xuyen District |(Resettlement |Hill Site) (Hoa Binh)
(NW Site) (Bo Duot) Site)

Criteria
Site musts not be Could easily |Not Could easily |Not Not
connected to the be connected |be connected |connected
National Grid connected connected
and must hold potential
for exploiting renewable |Hydro Hydro Hydro Hydro Hydro
energy, making it
possible to supply
electricity from
renewable energy as the
main source.
Distance to National Distance to |Distance to |Distance to |Distance to
Grid must be Distance to |a weak low |strong strong grid is 8 km
?gb;:ﬁ”tgﬁo;“ey Grid is 0 km. |tension line |connection |connection

upply : ; ;
National Grid should be is 6 km. Is 412 km is app. 5 km.
the more expensive
option).
Sites must have either
no or only unreliable,
%’;?)f;?gdp"’:gfe' andlor Picoorno |Picoorno |Picoorno |Picoorno |Pico or no
i iate,
unsustainable electricity supply supply supply supply supply
supply.
Site must have
appropriate level of Farming, Farming, tea |Farming, tea |Farming, tea |Farming, tea
economic activities that | gpima| growing, tea |[growing, growing, tea |growing,
?r%l#drg?;%éﬁ;ﬂgncy husbandry |processing, |animal processing., |animal
affordablle energy supply animal husbandry |animal husbandry

husbandry husbandry

The economic efficiency
on the site is assumed to
improve from access o |\t |ikely Likely Not likely Most likely  |Likely
reliable and affordable
energy supply.
Access to site. Easy Medium Easy Difficult Difficult
Qualified from the No Yes No No Yes

criteria

Minh Tan Commune/Vi Xuyen District (NW Site) is considered not to be
gualified as a high tension line is running through the area.

Thuong Son Commune/Vi Xuyen District (Bo Duot) is located 6 km. from
the end of a week low tension line and connecting will be costly if the
requirements are reliable and appropriate energy supply. The site holds

potential for productive use of electricity. The site is considered as

qualified.
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Potential site Thong Nguyen | (Resettlement Site) is a site located close
to an urban centre and close to a strong high tension line. The access to
the site is easy and a bridge over a river is under construction and
making the access even easier. The site is part of a district initiative for
resettlement and the need for energy supply will be urgent.

The site is not considered qualified as connection to the National Grid
would be easy.

Potential site Thong Nguyen Il (Up Hill Site)

This is an uphill site that has a level of economic activities that could gain
from supply of electricity. The distance to the grid is cost wise substantial
and the need for supply is evident.

Potential site Tan Bac and Tien Nguyen (Hoa Binh) is not grid connected
and a grid connection is not planned. The site holds potential for
productive use of energy. The site is considered as qualified.

Summary of preliminary costs estimations for the hydro power projects:

Ha Giang Investment

Site No.HH kW UsSD USD/kW | USD/HH
Thuong Son (Bo Duot) 300 100] 310,000 3,000 1,000
Thong Nguyen Il (Up Hill Site) 40 15 71,000 4,700 1,775
Tien Nguyen commune (Ordinary Site) 130 40{ 160,000 4,000 1,200

Page 31 of 45




HG Site Screening

CONCLUSION AND RECOMMENDATION

CONCLUSION

As described, the potential for renewable energy is limited to hydro and
possibly biogas. Due to lack of data and time to assess possible potential
for wind and solar energy, these options are not considered.

Valuable information was collected during the site visits, but more data
are needed, to prepare feasibility studies. These data will be collected
during the preparation for the Pilot Projects.

The table below is a summary of findings expressed as “Demonstration

value” of the sites.

Table 1: Demonstration value of Sites

Parameter Minh | Thuong Son Thong Thong Nguyen Il Tien Nguyen and Tan
Tan | Commune/Vi Nguyen | Bac (Hoa Binh)
Xuyen District (Bo
Duot)
Capacity - 100 kw - 15 kw 40 KW
Demonstrati Would be Would be Would be supply of a [The demonstration
on value None | supply of a site limited to the | site difficult to access alue of selecting this
with potential standards and with potential site will be supply of a
demand for for supply demand for economic typical site. The site
economic grid, the activities. The covers 2 communes.
activities. The house challenges are the  [Teais grown in the
challenges are connection, |seasonal use of area, but only limited
the seasonal and a hydro | power for tea amounts are processed
use of power for | power plant | processing (the peak |in the area. With
tea processing on a site that | load it creates), the |introduction of
(the peak load it | is very easy | construction, and electricity, the energy is
creates), the to access. getting the materials javailable and
construction, there. investment in
and getting the processing facilities
materials there might follow.
The challenges are the
seasonal use of power
for tea processing (the
peak load it creates),
the construction (difficult
access to the
construction site), and
getting the materials
there.
Qualified No Yes No* No* | Yes

The conclusion is that only two sites are qualified, judged on the Criteria
applied. These two sites represent a range of challenges that truly makes
them qualified.

The two recommended sites are some hours driving apart and the
logistics for the Consultant are therefore manageable.
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9.2

Both sites holds potential for productive use of electricity and further
development of tea processing. Among the options are further
processing, packing, and branding of tea.

Potential site Hoa Binh (Tan Bac and Tien Nguyen) stretches over two
communes and that gives the site an extra demonstration value.

As a whole the two sites gives a good potential for pilot projects, showing
a variety of challenges.

The Sida budget available for possible projects amounts to 15 million
SEK, i.e. 1.93 million USD. This means an average of app. 483,000 USD
per project. The estimated costs of each possible hydro power project are
below that amount. The “unused” funds could be used for some extra
renewable energy facilities as described in Chapter 3.

RECOMMENDATION ON SITE SELECTION

Based on the criteria for site selection and the above evaluation of the
sites visited, the sites Thuong Son Commune/Vi Xuyen District (Bo Duot),
and Potential site Tan Bac and Tien Nguyen (Hoa Binh) are
recommended as sites for the pilot projects.
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10 APPENDIXES
10.1 FULL LIST OF OFF GRID COMMUNES
Communes 2010 2015 After 2015

Dong Van District

Thai Phin Tung

Small hydro power and
Solar PV

Small hydro power and
Solar PV

100% villages will be
supplied with electricity

Van Chai

Small hydro power and
Solar PV

Small hydro power and
Solar PV

100% villages will be
supplied with electricity

Meo Vac District

Can Chu Phin Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity

Tat Nga Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity

Nam Ban Small hydro power and Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity

Ta Lung Small hydro power Small hydro power 100% villages will be
supplied with electricity

Niem Son Small hydro power Small hydro power 100% villages will be
supplied with electricity

Khau Vai Small hydro power and  |Small hydro power and 100% villages will be

Solar PV

Solar PV

supplied with electricity

Yen Minh District

Sung Chang Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity
Sung Thai Small hydro power and Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity
Ngam La Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity
Du Tien Solar PV Solar PV 100% villages will be

supplied with electricity

Quang Ba District

Nghia Thuan Small hydro power Small hydro power 100% villages will be
supplied with electricity

Lung Tam Small hydro power Small hydro power 100% villages will be
supplied with electricity

Bat Dai Son Small hydro power and Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity

Ta Van Solar PV Solar PV 100% villages will be
supplied with electricity

Cao Ma Co Solar PV Solar PV 100% villages will be

supplied with electricity

Xin Man District

Chi Ca

Small hydro power and
Solar PV

Small hydro power and
Solar PV

100% villages will be
supplied with electricity

Ban Ngo Small hydro power Small hydro power 100% villages will be
supplied with electricity
Ta Nhiu Small hydro power Small hydro power 100% villages will be
supplied with electricity
Coc Re Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity
Ngan Chieu Solar PV Solar PV 100% villages will be
supplied with electricity
Na Sin Solar PV Solar PV 100% villages will be
supplied with electricity
Hoang Su Phi
District
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- |Theng Chu Phin

Small hydro power and
Solar PV

Small hydro power and
Solar PV

100% villages will be
supplied with electricity

- |Po Li Ngai Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Nang Don Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |San Xa Ho Small hydro power Small hydro power 100% villages will be

supplied with electricity

- |Ngam Dang Vai

Small hydro power

Small hydro power

100% villages will be
supplied with electricity

- |Thang Tin Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity
- |Dan Van Small hydro power and Small hydro power and 100% villages will be

Solar PV

Solar PV

supplied with electricity

- |Thong Nguyen

Small hydro power

Small hydro power

Small hydro power

7 |Bac Me District

- |Lac Nong Small hydro power Small hydro power 100% villages will be
supplied with electricity

- |Giap Trung Small hydro power Small hydro power 100% villages will be
supplied with electricity

- |Duong Hong Small hydro power and  |Small hydro power and 100% villages will be
Solar PV Solar PV supplied with electricity

- |Minh Son Small hydro power Small hydro power 100% villages will be

supplied with electricity

- |Phieng Luong Solar PV Solar PV 100% villages will be
supplied with electricity

Thuong Tan Solar PV Solar PV 100% villages will be
supplied with electricity

Duong Am Solar PV Solar PV 100% villages will be

supplied with electricity

8 |Bac Quang District

- |TanLap

Small hydro power

Small hydro power

100% villages will be
supplied with electricity

Duc Xuan Small hydro power Small hydro power 100% villages will be
supplied with electricity
Dong Thanh Small hydro power Small hydro power 100% villages will be

supplied with electricity

9 |Quang Binh District

- |Tan Bac

Small hydro power and
Solar PV

Small hydro power and
Solar PV

Small hydro power

- |Tien Nguyen Small hydro power and  |Small hydro power and  |Small hydro power
Solar PV Solar PV
- |Na Khuong Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Yen Thanh Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Ban Ria Solar PV Solar PV 100% villages will be

supplied with electricity

10 |Vi Xuyen District

- |Quang Ngan Small hydro power Small hydro power 100% villages will be
supplied with electricity
Minh Tan Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Bach Ngoc Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Ngoc Linh Small hydro power Small hydro power 100% villages will be
supplied with electricity
- |Thuong Son Small hydro power Small hydro power Small hydro power
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10.2 THUONG SON HYDRO-POWER PROJECT

Dam

Canal

Power house

Picture 6: Map of location of Thuong Son possible h  ydro power
project, the catchments area, and stream

Thuong Son commune is located in Quang Binh District on the South,
bordered with Nam Son commune on the North, bordered with Nam Ty
commune on the east, bordered with Nam Khoa commune on the West.
There was car road from district to commune centre but only small trucks
and land cruiser cars can access to commune areas.

There are 400 households in 12 villages. The project is able to supply
electricity for Phin Ho villages 40 households within radius of 1 km.

Main specifications:

- Catchments area: 23 km?

- Average discharge: Qo =0.82m?s
- Reservoir area: 800 m?

- Normal water surface elevation: 460 m

- Total reservoir storage: 800 m3

- Generator 100 kW

- Head 40 m.

Weir and spillway:

- Type of dam: Stone-masonry dam covered by concrete layers.
- Height of dam: 3m

- Dam Crest width: 2m

- Dam toe width: 5m

- Length of dam: 20 m
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Table 2: Volume of civil work, weir, and spillway

No. ltems Unit Volume

1 Soil excavation m3 500
2 Rock excavation m3 50
3 Stone mortared M100 m3 160
4 Concrete mortar M100 m2 0

5 Concrete m3 60
6 Steel bar Tons 3.0

Derivation:

- Design discharge:
+ Type of canal:

0.4 m3/s

stone-masonry covered by concrete layer.

- Canal length: Right-stream bank option: 500 m (water head of
40 m);
- Canal dimensions:
Canal width: 1.0m
Canal depth: 0.8 m
Table 3: Volume of Derivation item
No. ltems Unit Volume
1 Soil excavation m3 5000
2 Rock excavation m3 1000
3 Stone mortared M100 m3 750
4 Mortared layer M100 m2 1500
5 Concrete m3 100
6 Steel bar Tons 5.0
7 Equipments Tone 0.5
Fore bay:

Power Fore bay is made from masonry stone with filtration protection
layers by cement mortar M100, 3 cm thick. The fore bay dimensions are

following:

-Length: 12m
- Depth: 2.5m
-Width: 2,0m

Table 4: Volume of fore bay work

No. Iltems Unit Volume
1 Soil excavation m3 1000
2 Rock excavation m3 100
3 Stone mortared M100 m3 50
4 Mortared layer M100 m2 60
5 Concrete m3 10
6 Steel bar Tons 0.5
7 Equipments Tone 1.0
Penstock:

Penstock is made from steel with diameter of 0.5 m, thick of 0.008 m.

Volume of work:

Page 37 of 45



HG Site Screening

Table 5: Volume of work, penstock

No. Iltems Unit Volume
1 Penstock length m 80
2 Soil excavation m3 1000
3 Rock excavation M3 200
4 Stone masonry m3 50
5 Concrete M200 M3 30
6 Steel bar Tons 1.5
7 Steel for penstock Tone 8.0

Power station:
The foundation of the power station built with stone masonry and
concrete. Covered up by wooden structures, roofed by iron sheets, plan
of 4m x 5 m, installed with 1 generator of 100 kW.

Volume of work:
Table 6: Volume of work, power station

No. Iltems Unit Volume
1 Soil excavation m3 1,000
2 Rock excavation M3 200
3 Stone masonry m3 20
4 Concrete M200 M3 10
5 Steel bar Tons 0.5
6 Cover-up area M2 20
Power line:

Total length of power line is 15 km. supplied to 4 villages and 300
Households connected to electrical users.

Total volume of work

Table 7: Total volume of work

N | Items Veir and [anal rore bay |Pen- Power  Power Total
0 Spill- stock house line
way
1 Soil excavation (m®) | 500 5000 | 1000 1000 | 1,000 8,500.0
2 |Rock excavation (m°) 50 1000 100 200 200 550.0
3 [Stone masonry (m*) 160 750 50 50 20 1,180.0
4 |Mortared layer (m?) 1500 60 1,560.0
5 [Concrete M200 (m®) 60 100 10 30 10 210.0
6 |[Steel bar (Tons) 3.0 5.0 0.5 15 0.5 10.5
7 Power line (km)
Power line 0.4 KV 18 18
Connect to users (hh) 300 300
8 [Equipments
Hydraulic (Tons) 0.5 1.0 8.0 9.5
Hydropower (KW) 100 100
9 |Cover-up area 20 20

Page 38 of 45




HG Site Screening

Table 8: Total project costs

Volume of work  Unit Cost (VND)  Total Cost

No. Items (10° VND)
1 Soil excavation (m3) 8,500.0 30,000 255.0
2 Rock excavation (m3) 1,550.0 100,000 155.0
3 Stone masonry (m°) 1,180.0 700,000 826.0
4 Mortared layer (m?) 1,560.0 50,000 78.0
5 Concrete M200 (m®) 210.0 1,100,000 231.0
6 Steel bar (Tons) 10.5 15,000,000 157.5
7 Power line (km)

Power line (0.4 KV) 15 70,000,000 1,050.0

Connect to users (HH) 300 300,000 90.0
8 Equipments

Hydraulic (Tons) 9.5 20,000,000 190.0

Hydropower (kW) 100 7,000,000 700.0
9 Cover-up area 20 1,500,000 30.0
10 |Resettle 20.0
11 Other expenses 15% 567.4
12 Reserved 15% 752.5

Total 5,002.4

(312,650.09%)

Investment cost: 5,002.4 million VND (312,650.0%)

Investment rate: 16.67 million VND / household (1,042%/hh)

50 million VND/ 1 KW (3125$/kW)
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10.3

TIEN NGUYEN POTENTIAL HYDRO POWER PROJECT

Picture 7:

DAM

Map of location of Tien Nguyen possible hydro power

project, the catchments area, and stream.

Main specifications:
- Catchments area:

- Average discharge:
- Reservoir area:

- Normal water surface elevation:
- Total reservoir storage:
- Capacity

- Head

Weir and spillway:
- Type of dam:

- Height of dam:
- Dam Crest width:
- Dam toe width:
- Length of dam:

14 km?

Qo =0.42m%s
500 m?

360 m

700 m?

40 kw

20 m.

Stone-masonry dam covered by
concrete layers.

3m
2m
5m

10 m

Table 9: Volume of civil work weir and spillway

No. Items Unit Right-bank option
1 |Soil excavation m3 300
2 Rock excavation m3 100
3 |Stone masonry m3 100
4 Concrete M200 m3 20
4 [fix reinforcing bar Tone 1.0
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Derivation:

- Design discharge:
+ Type of canal:

- Canal length:

0.3m?s

Stone-masonry covered by concrete layer.
Right-stream bank option: 100 m (water
head of 20 m);

- Canal dimensions:

Canal width: 0.8 m
Canal depth: 0.8m
+ Type of Pipe:
Pipe length: 100 m
Diameter: 0.8 m
Material: PVC
Table 10: Volume of Derivation items
No. Iltems Unit Option 1 Option2
Canal Pipe
1 | Soil excavation m3 2000 1000
2 | Rock excavation m3 500 300
3 | Stone mortared M100 m3 120 40
4 | Mortar layer M100 m2 320
5 | Concrete m3 20 10
6 | Steel bar Tons 1.0 0.5
6 | PVC Piper (D0.8m) m 0 100
7 | Equipments Tone 0.5 0.5
Fore bay:

Power Fore bay is made from masonry stone with filtration protection
layers by cement mortar M100, 3 cm thick. The fore bay dimensions are

following:

-Length:  10m

- Depth: 20m

- Width: 20m

Table 11: Volume of work, fore bay

No. Iltems Unit Right-bank option

1 Soil excavation m3 800
2 Rock excavation m3 200
3 Stone masonry m3 40
4 Mortar layer M100 m2 70
5 Concrete M200 m3 10
6 Fixed reinforcing bar Tone 0.5
7 Equipments Tone 1.0

Penstock:

Penstock is made from steel with diameter of 0.45 m, thick of 0.008m.

Table 12: Volume of work, penstock

No. ltems Unit Right-bank option
1 Penstock length m 40
2 Soil excavation m3 200
Rock excavation m3 50
3 Stone masonry m3 25
4 Steel for penstock Tone 4.0
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Power station:

The foundation of the power station built with stone masonry and
concrete. Covered up by wooden structures, roofed by iron sheets, plan
of 4m x 5 m, installed with 1 generator of 40 kW.

Table 13: Volume of work, power-station

No. ltems Unit Right-bank option

1 Soil excavation m3 1500

2 Rock excavation m3 200

3 Stone masonry m3 16

4 Concrete M200 m3 4

6 fix reinforcing bar Tone 0.2

7 Cover-up area m2 20

Power line:

Total length of power line is 12 km. supplied to 3 villages and 140
households connected.
If electricity supplied to 8 villages, the length of 35 KV will be 6 km and
0.4 KV will be 10 km.

Table 14: Total volume of work, canal option

No |[ltems Weir Canal [Fore Pen- Power | Power | Total
and bay stock house | line
Spillway
1 [Soil excavation (m°) 300 | 2000 800 200 | 1500 4800
2 Rogck excavation 100 500 200 50 200 1050
(m°)
3 |Stone masonry (m®) 100 120 40 20 16 296
4 |Mortared layer (m?) 320 70 390
5 [Concrete M200 (m°) 20 20 10 5.0 4 59
6 |Fix reinforcing bar 1.0 1.0 0.5 0.25 0.2 2.95
(Tons)
7 |Power line (km)
Power line (0.4 kV) 12 12
Connect to users 140 140
8 |[Equipments
Hydraulic (Tons) 0.5 1.0 4.0 5.5
Hydropower (KW) 40 40
Cover-up area 20 20
Table 15: Total volume of work, pipe option
Nojltems Weir piper | Fore Pen- Power [Power Total
and bay stock | house [ine
Spillway
1 | Soil excavation (m®) 300 | 1000 800 200 | 1500 3800
2 Rosck excavation 100 300 200 50 200 850
(m°)
3 | Stone masonry (m®) 100 40 40 20 16 216
4 | Mortared layer (m?) 70 70
5 | Concrete M200 (m°®) 20 10 10 5.0 4 49
6 | Fix reinforcing bar 1.0 0.5 0.5 0.25 0.2 2.45
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(Tons)
7 | PVC Piper (m) 100 100
8 | Power line (km)
Power line) 0.4 kV 12 12
Connect to users 140 140
9 | Equipments
Hydraulic (Tons) 0.5 1.0 4.0 5.5
Hydropower (kW) 40 40
Cover-up area 20 20
Table 16: Total project costs, canal option
Volume Unit Cost Total Cost
No. Items ofwork | (VND) (10° VND)
1 Soil excavation (m°) 4800 30,000 144.0
2 Rock excavation (m°) 1050 100,000 105.0
3 Stone masonry (m°) 296 840,000 248.64
4 Mortared layer (m?) 390 60,000 23.4
5 Concrete M200 (m°) 59 1,300,000 76.7
6 Steel bar (Tons) 2.95 17,000,000 50.15
7 Power line (km)
Power line) 0.4 KV 12 70,000,000 840.0
Connect to users (HH) 140 300,000 42.0
8 Equipments
Hydraulic (Tons) 5.5 20,000,000 110.0
Hydropower (kW) 40 8,000 320.0
9 Cover-up area 20 1,500,000 30.0
10 Other expenses 15% 300.0
11 Reserved 15% 343.3
Total 2,631.6
(164,500 $)
Table 17: Total costs, pipe option
Volume | Unit (VND) Total Cost
No. ltems of work (10° VND)
1 Soil excavation (m°) 3800 30,000 114.0
2 Rock excavation (m®) 850 100,000 85.0
3 Stone masonry (m®) 216 840,000 181.44
4 Mortared layer (m?) 70 60,000 4.2
5 Concrete M200 (m®) 49 1,300,000 63.7
6 Steel bar (Tons) 2.45 17,000,000 41.65
7 PVC Piper (m) 100 1,000.000 100.0
Power line (km)
8 Power line) 0.4 KV 12 70,000,000 840
Connect to users(hh) 140 300,000 42.0
9 Equipments
Hydraulic (Tons) 5.5 20,000,000 110.0
Hydropower (kW) 40 8,000,000 320.0
10 Cover-up area 20 1,500,000 30.0
11 Other expenses 15% 290.0
12 Reserved 15% 333.3
Total 2.555.1
(159,700%)
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Petition
Water head: 40 m, Capacity 40 kW, Pipe option.

Investment cost:

Total cost: 2,555.1 million VND (159,700 USD)

Investment rate: 18.25million VND / household (1,140 USD/hh)
63.88 million VND/ 1 kW (3,992%/kW)
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