FY2016 Project for Ministry of the Environment Japad

FY2016
Feasibility Study of Joint
Crediting Mechanism Project by City
to City Collaboration

(Study of Renewable Energy Sector in

Ulaanbaatar, Mongolia)

Report

February 2017

Overseas Environmental Cooperation

Center, Japan



FY2016
Feasibility Study of Joint Crediting Mechanism Project
by City to City Collaboration
(Study of Renewable Energy Sector in Ulaanbaatar, Mongolia)

February 17, 2017

Overseas Environmental Cooperation Center, Japan (OECC)

Contents

I, Overview of the Project..........ceiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeteeeeeeeeveeeeee e raaaraaaa e aaaaaaaaaees 1
1. Purpose of the study...........ooooiii 1
2. Contents of the study ............. 3
(1) Feasibility study on introduced technologies, systems and services ............... 3

(2) Workshops in Mongolia and in Japam .......c..ccueeveeveeieeieeeeeeeee e 4

(3) Conferences, Monthly reports and Progress report briefing sessions.............. 5

II.  Feasibility study on introduced technologies, systems and services..................... 6
1. Mega-solar project for Ulaanbaatar and surrounding...........cccccvvvveeeeernrrccnnnnenennn. 6
(1) OULHNE Of the PrOJECE....cuviiveieeieeie ettt ettt ettt s eaeereeeaeaneeas 6

(2) Feasibility SEUAY ....ccviiveieiieeieiecee ettt ettt ettt e e ae s e ete e ersesaeeneeeaeenneas 8

(3) Study of CO2 redUCtION .....c.eecveeeeeieieee ettt eae e 18

(4) Preparation of MRV methodologies & PDD, etc. .......cccoevvevvreeiveeeeeieecreeeennn. 18

(5) FULUTE PLODLEIIIS ..ottt ettt et et e et eeeaeeeaeeeeneeeaeea 19

2. Introduction of large capacity battery to wind power generation system .......... 21
(1) OULHNE OF PLOJECE .eviveeeieeeeceeee ettt ettt ettt ereeeeeneeenis 21

(2) FeasiDility SEUAY ...cccveeveieieeeceeeie ettt ettt ee e ereeneeeneenes 37

(3) Study of CO2 FedUCTIONS ....veveeeeeieieeei ettt ettt ere e ene e 39

(4) Preparation of MRV methodologies and PDD, etc. ........cccovevieveveveeerieeeenenee. 40

(5) FULUTE PLODLEIIIS ..ottt ettt ettt e e e e e eaeeeeaeesaeen 41

III. Workshops in Mongolia and in Japan ........cccccceeeeeeiieeiieeiieeeieiiecececceeeeeeeeeeeee e 42
1. Mongolia (Ulaanbaatar) WOrkshop..........ccccoevveevueiieeeiieeieeceeeeeeree e 42
(1) Purpose of the WOTKSIOP ...c.veeieieeieeie ettt 42

(2) PreSentation .........cccecveieuiiieiieriiesieteeteeeteeteeere et eteesessessesesseseesesseseesesseseesenas 42

(3) Results and ProblemS ......c.eioeeieeeeeeeeee ettt ettt e et e e e eeeseaeeeaeens 45

(4) Discussions and consultations related to the workshop ........cccceevvveeuveeveennnn. 45

2. Japan (SApPOoro) WOTKSRHOP .....eeeveieeeeee ettt ettt 51
(1) Purpose of the WOTKSIOP ...cvveieieeeeeie ettt ee e 51

(2) PIESENEALION «.vveeeeeeeeee et e e e et e e e e e e e e e e e e e e e e eeaeeeneeea 51



(3) Results and ProblemS ......o.eioeeieeeeeeeeee et ettt e et e e eeaeeeeeseaeeeaeens 54

(4) Discussions and consultations related to the workshop ........ccccoevvveeuveeveennnn. 55

IV. Attend and presentation at Conferences............cooovvvvviiieeeeeeiiieiiiiiieeeeeeeeeeerieeeee 56

1. JCM City to City Collaboration Seminar (Kita-Kyushu) ........c.ccccceveeierienennnnn. 56

(1) Overview of the SEMINAT .........cccveveiiiiieieiiieeet ettt 56

(2) PreSentation .........cccocveieuiiieuieriiesieteeseseeteeseeete st eseesessessesesseseesesseseesessesseseenas 60

(3) Results of the seminar and IMPreSSION .......ccoveeeueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneens 60

2. JCM City to City Collaboration Seminar (ToKyo)..........cccvevveieieieeeeeeeeeneennen, 61

(1) Overview of the SEMINAT .........cccveieiiiiieictieeeet et 61

(2) PreSentation .........cccocveieuiiieuieriiesieteeseseeteeseeete st eseesessessesesseseesesseseesessesseseenas 62

(3) Results of the seminar and IMPreSSION .......cocveeeveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneens 63
Attachment

1. Documents of local (Ulaanbaatar) workshop
(1) Agenda
(2) Invitation list

(3) Presentation materials

2. Documents of domestic (Sapporo) workshop
(1) Agenda
(2) Invitation list

(3) Presentation materials

3. Documents of JCM city to city collaboration seminar
(1) Seminar in Kita-Kyushu City
- Event in Sapporo city
- Presentation in Kita-Kyushu

(2) Seminar in Tokyo

4. MRV methodology and Project Design Document (draft)



I.  Overview of the Project
1. Purpose of the study

The population of Ulaanbaatar, the capital city of Mongolia, has been increasing
rapidly since the 21st century. In 2000, the city’s population stood at 0.7 million; in the
space of 15 years, however, it has almost doubled, reaching 1.35 million in 2014.

This population growth has led to serious air pollution and social problems. One factor
which is contributing to worsening air pollution includes rising emissions of air
pollutants resulting from the increasing consumption of coal. Coal is the cheapest
obtainable fuel in Mongolia, and accounts for over 90% of its total fuel consumption, used
for such things as power generation, heating and cooking. In particular, in areas where
many of Mongolia’s low income class lives, known as “ger” area, smoke emitted from coal-
fired stoves (ger stoves) used predominantly in these areas is said to be the main cause
of air pollution. Mongolia’s National Agency of Meteorology, Hydrology and Environment
Monitoring reported in December 2015 that it measured PM2.5, PM10, sulfur dioxide
and nitrogen dioxide levels that were far in excess of global standards. Today,

Ulaanbaatar is known as one of the worst cities in the world for air pollution.

(August, 2014) (February, 2015)

Air pollution stage of Ulaanbaatar City

In order to promote sustainable development in Mongolia, there is a need to deal with
the complex issues that have arisen due to rapid population growth and urbanization, as
well as recent individual environmental issues. Japanese municipal governments could
play a part in efforts to present effective solutions by providing knowledge of how they
overcame similar complex issues during Japan’s period of rapid economic growth, and by
introducing the kinds of policies and environmentally-friendly / energy-saving

technologies that they used to combat these.

Hokkaido Government and Sapporo City are the biggest municipalities in Japan’s cold



region. As of 2015, the estimated population of Sapporo was 1.95 million people. As with
Ulaanbaatar, in the 1960s Sapporo’s main form of fuel was coal, which it produced in
vast quantities within the prefecture, and air pollution resulting from smoke emissions
from coal became a major social issue. However, the issue of air pollution in Sapporo was
resolved in the 1970s through a combination of a switchover from coal to oil and the
implementation of environmental policies. Since the 1980s, the city has been pushing
forward with energy saving projects, and is currently one of Japan’s leading cities in
terms of environmental conservation.

Sapporo and Ulaanbaatar are members of the World Winter Cities Association for
Mayors, an association with members from 10 countries and 21 cities worldwide. At the
15th conference, held in Ulaanbaatar in January 2012, the “Ulaanbaatar Declaration”
was adopted. This declaration contains a number of goals, such as curbing emissions of
greenhouse gases, cutting energy consumption volumes and the realization of urban
activities of a kind that have a low impact on the environment.

In March 2015, Hokkaido signed a memorandum with Mongolia’s Department of
Energy concerning economic and technological exchanges in the field of energy, and is
striving to further technological cooperation between Mongolia and private enterprises
in Hokkaido.

“Ulaanbaatar Declaration (Jan. 2012)” Memorandum Signing Ceremony between
City of Sapporo & City of Ulaanbaatar =~ Hokkaido Government and Department of
Energy Mongolia (Mar. 2015)

This project seeks to promote City to City collaboration between Ulaanbaatar and
Hokkaido Government, a municipality in Japan’s cold region, and Sapporo City, and to
disseminate Japan’s outstanding low carbon technologies through a Joint Crediting
Mechanism (JCM). Specifically, at the same time as cutting Greenhouse Gases (GHG),
it aims to implement projects to introduce facilities for cutting environmental pollutants

and energy use based on a framework of collaboration between cities.



2. Contents of the study
(1) Feasibility study on introduced technologies, systems and services
Here, we undertook studies on the following two projects scheduled for the environs
of Ulaanbaatar in cooperation with Hokkaido and the city of Sapporo.
(D Mega-solar project for Ulaanbaatar and surrounding

@ Introduction of large capacity secondary battery for wind power generation

The main points of consideration for feasibility were as follows.

(D Mega-solar project for Ulaanbaatar and surrounding

(a) Implementation structure
We studied Mongolia, the country planning a domestic mega-solar project, and the
Japanese companies involved were studied, in order to select companies capable
of implementing the JCM projects. Also, we formed an international consortium
together with the companies, to discuss measures for work involving JCM
ancillary equipment. In addition, by collaborating with the municipalities, we
were able to work at developing a cooperation structure between Mongolia and
the Japanese stakeholders.

(b) Financial structures for clients and partners
We acquired information on financial structures, capacity to borrow funds and
borrowing status of Mongolia and the Japanese representative business operator
candidate, and confirmed their ability to fully discharge project obligations.

(c) Solar panel selection
The Mongolian representative company candidate produced a work plan, and is
considering the solar panels and power supply equipment to be used. However, as
the Japanese candidate company is a solar panel manufacturer, they will use their
own solar panels if actual work commences.

(d) Introduction of storage battery cells
We discussed the feasibility of storage battery cells with a view to achieving power
leveling and stable supply. Prioritizing and costing were discussed for the scenario
where storage battery cells were to be introduced; however, consideration of
revenue from sales of electricity and its cost effectiveness led to the decision that
there was no merit in introducing such storage battery cells.

(e) Consideration of business feasibility and economic feasibility

We discussed the feasibility of a sustainable electricity purchasing system if the

project was implemented. Further, we conducted a simulation on internal rate of

return (IRR) using the range of the fee-in tariff.



@ Introduction of large capacity secondary battery for wind power generation

(a) Implementation structure
We acquired data for determining storage battery cell capacity from the operator
of the Salkhit wind power generation farm where the cells are scheduled for
introduction. Based on these research results, we discussed feasibility with the
operator, but have given up the idea of forming this project as the investment sum
would be large.

(b) Financial structure for clients and partners
The company that will introduce the storage battery cells is in the process of
confirming the feasibility of working with the Mongolian company earmarked for
this project. However, there are issues related to the work of forming the project,
and financial statements have yet to be acquired.

(c) Consideration of how storage battery cells will be put to practical use
As the investment sum for this case is large, introducing the storage battery cells
with private enterprise funds has been deemed difficult. From here on, we will
look for a way in which storage battery cells can be feasibly introduced by
discussing the issues with official bodies, such as the Department of Energy.

(d) Confirming authorization formalities
We did not consider authorization issues as the idea of forming this project was
given up this time round.

(e)Consideration of support structure for facilities

For the same reason as above, we did not consider a support structure.

(2) Workshops in Mongolia and in Japan
The following workshops have been held between concerned parties from both Japan
and Mongolia in an effort to encourage the formation of proposals at an early stage

and form new proposals.

O Workshop in Mongolia
A workshop was held in Ulaanbaatar on October 27, 2016. Experts from Hokkaido
and Sapporo participated in this workshop, during which they introduced successful

examples of energy saving.

@ Workshop in Japan
A workshop was held on January 20, 2017, on parallel with the below seminar in

Tokyo. Experts from Ulaanbaatar Department of the Natural Environment were



invited to this workshop.

(3) Conferences, Monthly reports and Progress report briefing sessions
(D Attend at conferences
Representatives from Hokkaido and Sapporo attended the following two domestic

conferences that were specified by the Ministry of the Environment.

Feasibility Study of Joint Crediting Mechanism Project by City to City
Collaboration Kitakyushu Seminar (October 20 — 21, 2016)

Feasibility Study of Joint Crediting Mechanism Project by City to City
Collaboration Tokyo Seminar (January 23, 2017)

A request was made by the office to invite to representatives from Ulaanbaatar,
and experts from the city’s departments related to the environment (Air Pollution
Reducing Department and Natural Environment Department) participated in the

workshop.

@Monthly reports
During the period in which surveys were carried out (April 2016 — January 2017),
the progress of the surveys was ascertained using Gantt charts submitted at the
time of application and a monthly mail was sent out reporting the status of

progress for each month.

@ Meetings in Japan

The following meetings were held in Japan during the period in which the survey
was being carried out. Representatives from Hokkaido and Sapporo were
requested to attend the Progress Report Briefing Sessions.

- Kick-off Meeting (May 10, 2016)

- Progress Report Meeting (July 6, 2016)

- 1st Progress Report Briefing Session (August 8, 2016)

- Progress Report Meeting (September 15, 2016)

- Progress Report Meeting (November 25, 2016)

- 2nd Progress Report Briefing Session (January 12, 2017)

- Final Progress Report Briefing Session (February 9, 2017)



II. Feasibility study on introduced technologies, systems and services
1. Mega-solar project for Ulaanbaatar and surrounding

According to the “national renewable energy project” announced in Mongolia in 2005
there is massive potential for the use of solar power because there is some 2,250 to 3,300
hours of sunshine per year as the weather is fine on some 270 to 300 days of the year in
Mongolia. Indeed, some 160,000 square kilometers of land (ten percent of Mongolia’s
land) also is suitable for wind-powered energy production.

What is more, in January 2012, results of a joint study by Mongolia’s National
Renewable Energy Center and America’s National Renewable Energy Laboratory show
that the latent capacity of renewable energy via solar, wind and other sources in
Mongolia reaches some 2.6 million megawatts, which is seven times the generative
capability of all the nuclear power plants in action around the globe.

In Mongolia, the aim is to raise the proportion of renewable energy among all types of
energy by 25-30 percent. Indeed, there is also a plan to cut energy loss by ten percent by
2020.

Based on this plan, the Mongolian government is enthusiastically granting permission
to private renewable energy projects for the installation of power generation facilities;
yet, no specific plans have been reached, as insufficient consideration has been given to
issues such as the securing of land, capital planning and the outlook for power
purchasing agreements (PPA).

Therefore, from among these projects, we focused attention on D company (a private
power distribution company), which has a 20-megawatt solar generation setup, in the
study this time round, in order to encourage some concrete action in terms of a JCM
project via discussions between D company and the company acting as the partner on

the Japanese side.

(1) Outline of the project
D company was established some 50 years ago as a national corporation for power
distribution. In 2003, it became a joint corporation with Russian capital and local
Mongolian capital. At present, the family of the CEO holds 80 percent of its shares.
The contents of the main operations are as follows.
* Supplying electricity to 41,400 households and 4,600 workplaces.
* Turnover for 2015 was 25 million USD, with 430 million kilowatt-hours supplied.
* Distribution covers 74,000 square kilometers in the north of Mongolia, which is
an area greater in size than Ireland.

* It has seven branch offices with 420 staff in Mongolia.



* It has obtained nine operating permits from the Mongolian energy agency and

energy regulating committee.

D company’s project involves building a 20-megawatt solar power generation plant
15 kilometers southwest from Dalkhan and then supplying electricity to the
Mongolian central power grid. With this 20-megawatt project, a prerequisite is that
technical reliability is good enough to connect the project to the Dalkhan-Erdenet-
Ulaanbaatar power transmission and distribution network.

D company has secured 60 hectares of planned construction site land. The

following shows the land status.
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Fig. 1-1  Position of planned construction site (Dalkhan)

Figure 1.2 Salkhit 20MW PV power plant project location

Fig. 1-2  Shape of planned construction site



Fig. 1-3  Current status of planned construction site

(2) Feasibility study
D Implementation structure
As described later, we evaluated the business feasibility and economic feasibility of
this project at D company, and are calling for other parties that can provide financial
assistance. And, having received information about S company of Japan considering
expansion of solar power generation business in Mongolia via the Overseas
Environmental Cooperation Center (OECC), we offered D company and S company the
opportunity to discuss matters. As a result of those discussions, S company said it would
consider investing in D company, and a non-disclosure agreement (NDA) was concluded
between both companies. And, according to the outcome of deliberations by S company,
the project will move forward in the following way from here on.
- If neither company has financial problems, then they can move forward with specific
discussions with the Japanese stakeholders.
- Work to comprehend the state of affairs in Mongolia from here on to confirm whether
or not issues such as permits will be affected.
Note that S company would like to apply for the business involving facility assistance
as of April this year.

This case will likely take the following implementation structure.
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Fig. 1-4  Example of implementation structure

@ Financial structure for clients and partners
The financial analysis conditions are as follows.
- Project cost: 40 million USD
- Project period: 25 years
- Rate of inflation: 3%
- Annual operating and maintenance cost: 390,000 USD
- Annual amount of generated power: 30.9 million kWh
- Power selling price: 0.17 USD/kWh
Reference: Basic data for solar analysis as a source of electrical power
- Number of fine-weather days: Annual average of 223 days (Summer: 7-19 days
a month, Winter: 21-29 days a month)
Over the past 30 years, the Dalkhan area’s quantity of direct solar radiation has
been 2,411 mdj/m2, while global solar radiation is 4,360 mdj/m2.

The main technical variables and economic study are as follows.



Table 1-1  Details of capacities, etc.

el T 1S T AN TP T TR R NG 1
21| capacity 20 MW

2| Annual production of electric power 30.9 million kWh
3 Investment 39 million USD
{4 | Pantarea 60 hectars

'8 | Capacity of solar panel unit 320 Wh
18 Relevant substation Darhan 220/110/35
- Length of power lines 5 km

- Capacity of transformers 2xTAH-16000/110/10
|9 Internal electricity consumption 10 KW

The funding plan for the 40 million USD project cost is for self-funding of ten percent
and the other 90 percent to be procured externally. A call for investors in Mongolia
started from the beginning of 2016, but no investors that would be regarded as strong
candidates have come forward yet because of the current economic state of affairs in
Mongolia. Nevertheless, as a recovery in primary work in Mongolia is being seen in both
2015 and 2016, consideration of investing sources is underway (requests for financial
figures for 2016 have been made).

Note that we have confirmed that Golomt Bank (the relevant correspondent bank) is
prepared to accommodate talks as a loan target if progress is seen on the finance front
from here on.

With this as the state of affairs, Japan’s S company has placed business expansion in
Mongolia into its scope of business, and is prepared to discuss matters with D company.
And, as to the financial composition of S company, we judge that there is no foreseeable

problem, as it is a company listed on the Tokyo Stock Exchange.

10



Table 1-2 D company’s main financial composition for previous 2 yeas

No Type 2014 2015
Owners’ Equity
1 |a) Asset 29,642.63 29,077.34
b) Working capital 2,873.77 2,884.05
2 | Sales income 24, 187.45 25,040.01
3 | Total profit -1,767.85 774.94
4 | Profit (loss) -1,768.99 732.06
5 |{Loan 744.22 17.30
6 | Account receivable 1,794.59 1,255.75
7 | Account payable 2,044.30 2,334.30

@ Selection of solar panels
In its business plan, D company is considering which solar panel to purchase. The
following are the specifications involved.

PV module type Standard

Technology Polycrystalline
The panel manufacturer is JA Solar (China), and the module type (JAP6-72-320/330),

with a highly efficient 320 watt peak capacity (Wp) is to be used.
Nominal power 20MW
Load profile Grid- connected system (CES)

The points that were given consideration in selecting the solar panels were the
module’s cost performance and warranty period. With regard to cost performance, D
company judged that a polycrystalline type would be suitable. And, for this project, a
large number of modules were considered, with the final choice being the JAP-72-320/330

type. The basis of this conclusion is as follows.
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Table 1-3

Module considerations

Type of PV module

Poly

P module type. model

JAPE-T2-320/388

Mominal capacity of Photovoltaic module, Wp

320

The maximum capacity current of Photovoltaic moedule. V 37 .56

The maximum capacity cument of Photovoltaic module, A 852
Open-Circuit Voltage of PV module, B 45,82
Short-circuit Current of PV module, A 903
Efficiency of PV module 16,51
Temperature coefficient of open circuit voltage, %/C -0.330%/°C
Temperature coeffiicient of short-circuit current, %/°C +0.058%C
Size of Solar cell, mm 156%156

PV Module dimension 1656*991*45
PV module weiaht (kal 19.3/19.5
Quality Standards for PV module IEC- 61215
Photovoltaic performance depreciation (%) toor e

he above performances was measured according to the Intemafional Standard
M1.5 where solar radiation level 1000W/im2, ambient temperature were 25°C, air

assis 1.5

able 4 4 Temperature coefficient of photovoltic module electric indicator

Usage standard (°C ) 45 12
Efficiency coefficient of photovoltaic module  [367°C) _ 0.07 *0.01
Temperature cofficient for photovoltaic module capacity (%67C) -0.43 1005
Temperature coefficient of open circuit voltage (3&/°C) -0.34 1005
Temperature coefficient of short-circwit (3&/°C) - 0065 X005
gble 4 5. PV Module electrical performance

P\ Module electrical performance 1000W/m2 | BDOW/m™ 400W/m”
Nominal capacity of PV module, W 320 200.6 100.00
Nominal voltage capacity of | 37.41 36.8 358
photovoltaic, B

A short-circuit of PV module, A 89 7.10 3.33

Open circuit voltage of PV, B 47.0 4510 43.0
Efficiency coefficient of PV, % 16.41 15.32 15.27
Temperature coefficient of PV module D43%°FC | D43%°C | -D.44%

‘able 4.4, 4.5 and 4.6 shows the details about the PV module used in this system.

central inverter.

12

There were two kinds of inverter up for selection in this project, the central inverter
and the multi-string inverter. Compared to the central one, the multi-string converter is
technically superior but the cost is high. Moreover, when it comes to large-scale power

generation, the central inverter is widely used. As a result, D company selected the

Next, in this project, the module strings and inverters have to be simultaneously
gauged. Consideration must be given to voltage and current input to ensure the biggest
modules are used in conjunction with the limited-capacity inverter that has been selected.

Thus, for 20-megawatt solar power generation, a string of ten two-megawatt inverters




must be configured. As to generation peak, the module’s capacity is 320Wp, which means
that the two-megawatt inverter system will be controlled by two central inverters, with
inverter capacity to be 1,000 kilowatts.

Up to now, companies, such as SMA, ABB, Siements and Schneider Electric, have
proposed central inverters, inverter stations and megawatt power stations for large-scale
power generation plants.

For this project, the ABB Megawatt Central Inverter (ABB PV800-57-C type), which

offers a maximum efficiency of 96.5 percent, was chosen.

Table 1-4  Inverter considerations

Type code PWSB0D0-57 and Nominal capacity -1000kW-C, 1000kW
Input (DC)

Maximum input power (Pey, max) 1200 kWp
DC voltage range, mpp {(Udc, mpp) 600 to 850 W
Maximum DC voltage {Umax ioq) 1100 W
Maximum DC cument (/may ;pe;) 1710 &
Number of protected DC inputs 8,12, 16 (+7-)
Output (AC)

MNominal power (Puaeg) 1000 kW
Maximum output power 1200 kW
Power at cosj = 0.95 950 kW
Nominal AC cument (fuaz)} 1445 A
MNominal output voltage (Ugsg) 400 W
Output frequency 5076l Hz
Hammonic distortion, current = 3%
Distribution network type TM and IT
AYK

Macinmum 98.8%
Eurc-eta 95.6%
Power consumiption

Own consumption in operation B30 W
rr— S — —
Protection level P22 [ 1IP42
Emvironmental temperature range From -20°C to +40°C
Maximum environmental temperature +50°C
Relative hummidity 15-95%

The highest above sea level 2000 m

The maximum noise level 75 06
Cooling air flow 3760 M3y
Protection

Grounding Yes

Metwork control Yes

DC reverse curmrent protection Yes

AC short circuit protection Yes

Ower-voltage, curment and temperature protection | yes
(AC and DC)
Communications

Customer relations Conirol panel
Analoi input Z*PT100, 2*Ain
Power isclation relay 2

The maximum noise level 75 06

Cooling air flow 3760 My

13



Scrutiny of the above issues became the preconditions for purchase of solar panels
by D company. Yet, at present, the partner being considered to turn this project into
business is a solar panel manufacturer — so, if business goes ahead, that partner’s

solar panels will be used.

@ Introduction of storage battery cells

Solar power generation fluctuates with changes in the weather, which can lead to an
unstable transmission system. Therefore, as output fluctuations can be controlled by
introducing storage battery cells, the feasibility of such cells was considered. However,
large capacity storage battery cells are very expensive, so revenue from sales of
electricity and its cost effectiveness led to the decision that there was no merit in
introducing such storage battery cells. Thus, for this project, the introduction of storage

battery cells has been shelved.

(® Consideration of business feasibility and economic feasibility

(a) Business feasibility

We believe that the business feasibility of solar power generation in Mongolia is reliant
on the purchasing system being a sustainable one. The following shows the outlook for

power demand in Mongolia.
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Fig. 1-5  Outlook for power demand in Mongolia
According to energy demand forecasts, the electricity demand is expected to be 2,321
megawatts in 2020.

And the following shows the electric power generation proportions occupied by fossil
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fuels, nuclear power and renewable energy as compared to surrounding countries.

Table 1-5

Electric power generation in Mongolia and surrounding countries

(Amount of power: TWh)

Power Source  Japan Mongolia Russia China
Fossil Fuel 711 65.7% 5.32 | 96.7% 708 68.1% 2,788 80.6%
Nuclear 258 | 23.8% 163 15.7% 68 2.0%
Hydro 83 7.7% 0.06 1.1% 167 16.1% 585 16.9%

Solar 2 0.2% 0.01 | 0.1%

Wind 3 0.2% 0.15 2.7% 13 0.4%
Biofuel 22 2.0% 13 1.3% 14 0.4%

Total Power 1,082 5.52 1,040 3,457

2008/2016 TEA/OECD

The proportion of renewable energy (including hydropower) in Mongolia is low
compared to surrounding countries. Consequently, the Mongolian parliament approved
the national renewable energy program 2005-2020 (2005), making the development of
renewable energy a priority in the energy field. The renewable energy sources proposed
are hydropower, solar power, wind power and geothermal power. And, as a concrete
target, the idea is to gradually increase the share of renewable energy within total energy
generation, so that it reaches 20-25 percent of the total by 2020.

Therefore, solar power generation in Mongolia will contribute to the increase in
renewable energy. Indeed, as considerable time will be required to develop hydropower
and geothermal energy sources, the proportion occupied by solar and wind power will
have to be bigger. For this reason, the sustainability of the power purchasing system is

an utterly important one.

The following shows the recent developments on the legislative front.

Legal environment related to renewable energy 1

Governing law and political Establishmed year Amended year
olic
Laws
Energy law 2001 2015
Renewable energy law 2001 2015
Energy Saving law 2015
Political Policy
National energy policy 2015
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Legal environment related to renewable energy 2

- Energy law

New clauses related to independent power producers (IPP) and

power purchasing agreements (PPA) introduced.

Article 5-1.6.: The government will provide necessary support to IPP.

Article 6-1.16.: Energy agency will empower relevant bodies with the

right to conclude PPA.

- Renewable energy law

Setting of fixed purchasing price

v" Wind power
v’ Solar

- Energy national policy

Feed-in Tariff

80 to 95 USD/MWh
150 to 180 USD/MWh

Proportion occupied by renewables:
- To reach 20% by 2020 and 30% by 2030.

Increase production of renewables and improve the tax system environment in

order to increase investment.

(b) Project’s economic feasibility

The following shows a simulation on internal rate of return (IRR) using the price range

in the concluded power purchasing agreement (PPA).

Table 1-6 Consideration of IRR

Feed-in Tariff (USD/kWh) | 0.15(/kWh) | 0.16($/&kWh) | 0.17(S/kWh) | 0.18(S/kWh)
NPV (USD) 7,486,079 |8,851,390 |10,210,785 | 12,012,010
IRR (%) 8.2 9.1 99 10.8
Payback penod (year) 13 12 1 9

LCOE®*, USD/KW hour 0.165 0.169 0.165 0.165
LCOE -Levelized Cost of Electricity

The following shows the repayment schedule on the assumption that the loan interest

rate is seven percent 