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SUMMARY

This project is a study project in support of the development of a low carbon tourism city through the Joint

Crediting Mechanism in Siem Reap Province in Cambodia.

The purpose of this study project was to establish the “Upper Tier City-to-City Collaboration (C2CC)” between
the Siem Reap provincial government and Kanagawa prefectural government, and, to aim for the realization
of a low carbon society - “as a whole city” - through comprehensive and continuous efforts for project
formulation in Siem Reap city. Such collaboration would result in ‘province-wide’ emission reduction of CO2
coming from energy production sources. This will contribute directly to the protection of world heritage sites

in the province through environmental conservation coincident with the development of a clean tourism city.

There were two objects of this study. The first object was to study the possibility and profitability of installing
photovoltaic (PV) modules on rental rooftops of public high schools in Siem Reap city as a smart community
project. The second was to study the suitability of installing biomass power generation using low carbon
organic waste and rice husks, contributive to the reduction of urban waste. The study examined the possibility
of constructing a show case resort village and hydroponic factory as zero-energy buildings with renewable
energy technology, energy storage, and conservation in Siem Reap. The study also examined the possibility of
collaboration with the “Eco-mobility (electric remork-motos (tuktuks)) project” implemented in FY2014,

wherein the possibility of running electric tuktuks on electricity generated by rooftop PVs was studied.

The results of this study project are shown below.

1) Weinspected the possibility and profitability of Low carbon biomass power generation project using urban
organic solid waste and rice husks to contribute a reduction for urban solid waste and taking adequate
measures as four viewpoints as follows.

The study about adequate | With the increase in tourist visits and further economic development, the

measures of disposals of | quantity of waste has reached 330t/day in Siem Reap. However, there is no

urban organic solid waste systematic waste disposal system. A waste disposal company, GAEA,
collects urban waste and disposes it into an open dump. KOICA, along with
private venture capital, has been supporting GAEA and planning the
relocation of the dumping site, and, the construction of centers for separation
and recycling.

Waste collected at hotels is classified into organic solid, paper, plastic, glass,

wood, and metal. But GAEA disposes them mixed, and, all together.

Inspection of local rice mills | Thai buyers buy rice husks in Siem Reap and the price is getting higher year

and collectable possibility of | by year, currently 1.6 times higher than 2 years ago. It costs USD 15/t.

rice husks

The technology of biomass | In this project, AGC establishes the facility which generates 200Kw.

power generation system We chose a screw steam generator manufactured by company K and the

generation method is a combination of Dry distillation gasification furnace

and Steam boiler. The screw steam generator enables to generate constantly
by pushing steam from boiler into a binary generator. It assumes the use of
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rice husks and organic solid waste collected at hotels as resources and the
expected quantity is more than 25t/day in order to generate 200kw. The
amount energy generated by the screw steam boiler and binary generator
could be 236kw. Except general power consumption, about 116kw is
possible amount to sell.

It estimates that this system reduces emissions of CO2 by as much as 424
tons CO2/year. However, this number may change depending on the
situation of operation and raw materials availability, especially the
components of collectable combustibles. It will be necessary to examine and
investigate the factors of effects. Installment cost except land is estimated
around JPY40-60 million. We need further inspection about factors of
possibility of materials’ procurement, the situation of location, control
system, and personnel expenses.

Fund raising and ensure of | AGC has concluded a cooperative business agreement with a biomass power
location for biomass power | plant company which generates 1.5MW in Kampong Thom province and
plant gotten the partnership as a local EPC. In addition, AGC is allowed to use
2ha land in an Eco village by APSARA National Authority and gets the land
for biomass power plant.

Disposal of urban organic solid waste in Siem Reap is the most important issue for the provincial and city
governments which promote “clean city” and “green city.” Developing a tourism city as a hub of Angkor
heritage suffers from the serious problems of increasing urban waste from restaurants, hotels, and markets;
and, the existing dumping site has overflowed. Some of the 5-star hotels sort waste, produce gas from organic
solid waste, and sell plastics. Wastes are mixed during collection, and, scavengers collect plastics, while other
debris is simply buried.

The amount of rice husks produced at local rice mills and moving milling services is about 20% of the total.
However, Siem Reap province is not fertile rice cultivation land, and, irrigation has not been introduced.
Furthermore, the land yields one crop a year and the production of rice husks is less.

Ironically, Thai rice husk brokers buy at a high price, and, the rice husks are used for biomass power generation
in Thailand while Cambodia imports the electricity.

The JICA study project inspected incineration of medical wastes, and, this is the urgent topic to introduce into
the disposal system cooperating with hospitals.

2) In order to achieve a low carbon society in Asian countries based on C2CC and secure the Joint Crediting
Mechanism for the long term, it is necessary to establish cooperation in Cambodia. As at February 2017,
a subsidiary of AGC is under the procedure of registration. The goal AGCC aims is to achieve a low carbon
society by promoting local production of energy and food for local consumption. The main task of AGC
is consulting on international development and conducting surveys for the project of Ministry of
Environment or Ministry of Economy, Trade and Industry. The subsidiary of AGC is the entity which
conducts adjustment, management, supervision, and monitoring of the projects with the local EPC
especially it’s important to negotiate with turnkey providers.

3) There are some derived project plans such as the introduction of a ground-solar farm which generates
10MW in Kampong Thom, 3MW solar PV in Poi Pet SEZ, solar LED streetlights at the developing area
in Phnom Penbh city, and the introduction of a solar PV system into the Nokor Tep Women’s Hospital which
is under construction. AGC is considering applying for JCM in 2017.

4) The Siem Reap provincial government and Kanagawa prefectural government agreed the “Upper Tier
City-to-City Collaboration (C2CC)” in November 2015. The Siem Reap provincial and city governments
request Japanese and Kanagawa prefectural governments to support capacity building, formulation of a
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master plan and implementation of a pilot project officially. Both governments assigned the person in
charge and two of them joined workshop in Japan twice this year and made presentations. They visited
solar LED streetlights in Kanagawa, factories lending the rooftops, a Zero Energy Building, and Fintech
facilities and participated in the international meeting related a JCM.

5) AGC promotes local production and local consumption in three ways. The first is solar PV and biomass
power generation targeted hotels and governmental facilities as renewable energy, and, the second is
Lithium ion battery energy storage. The last is the introduction of BIPV, double glazing and high efficient
air conditioners and lighting as energy conservation. The introduction of smart grid systems with system
interconnection leads moderation of balance of energy demand. Also, AGC promotes Electrical mobility
with charging source produced by renewable energy to tourists as local consumption following the existing
model project of EV in Hakone town, Kamakura, and Yokohama city in Kanagawa prefecture. AGC
visualizes and monitors the effect of renewable energy and energy conservation by introduction of IoT into
hotels and governments. These projects promote preservation of Angkor heritage and activate local
economics and, in particular, the tourism industry.

From FY2017, Kawasaki city will join as a member of C2CC. With electric remork-motos with three wheels

(tuktuks) manufactured by Kawasaki-based ElecTrike Japan Co.,Ltd, AGC reexamines and expands the
possibility of collaboration with the “Eco-mobility (electric remork-motos (tuktuks)) project” implemented in
FY2014, where the possibility of running electric tuktuks on electricity generated by rooftop PVs was studied.
In addition, one of the Japanese major internet providers will examine the possibility of electric remork-motos
manufactured by Japanese major manufacturers in 2017. Based on these two studies, AGC promotes the
development of low-carbon transportation in Siem Reap.
Local production and local consumption of food concentrates on leaf vegetables. AGC established the indoor
hydroponic factory using LED with a solar PV system as a Zero Energy facility. There are many factors of less
cultivation of leaf vegetables such as the low level of PH, clay, heavy rain, strong radiation and high
temperature in Cambodia. Then more than 90% are imported from Vietnam, China and Thailand. Despite the
low market price, the quality and taste is bad. So that AGC cooperates with APSARA National Authority to
improve the situation.

Considering above statements, AGC proposes three development projects for the Joint Crediting Mechanism
in FY2017 as follows.

Eco mobility The study of the possibility and profitability of electric remork-motos
manufactured by the Japanese major internet providers, manufacturers and
ElecTrike Japan Co., Ltd, and EV tourism with IoT technology

Buildings integrated | The study of the possibility and profitability of conducting energy saving
renewable, storage and | diagnostics at 5-star hotels, introducing high efficiency chillers, and
conservation energy rooftop solar PV systems with cooperation of JASE-World and ECCJ.

The construction of a show case for the development of resorts and
proposals for legislation of environmental law.

Systematic disposals of urban | The problem of less inspection remained as FY2016 ended. With
waste transformed into energy | cooperation of HJA (Hayashida Japan Agriculture) which copes with
recycling in Phnom Penh, AGC investigates the systems and the amounts
of the reduction of GHG. In addition, AGC continues the study of FY2016
with Finetech Co., Ltd.
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1. Overview of Cambodia
1.1. General Situation

1.1.1. Political Situation
Politically, Cambodia has maintained a stable regime since 1998 by the Cambodian People's Party (CPP) let
by Prime Minister Hun Sen. However, in the last general election held in July 2013, although the result was
announced that CPP had majority of votes, there were some doubts that the opposition party, the Cambodia
National Rescue Party (CNRP) may have out-numbered the CPP. Due to unsatisfactory result, CNRP hold
demonstrations seeking for the re-election which caused political and social unrest. In the end, CPP
incorporated some of the intention of CNRP such as increase of minimum wages and Prime Minister Hun
Sen was officially re-elected for another 5-year regime. The next general election is scheduled in 2018 and
political and business world is paying close attention to its prospect.

1.1.2. Economic Situation
Economic situation in Cambodia has been growing stably despite of the long civil war and the domestic
turmoil over the past half-century. Cambodia has been successful in attracting foreign direct investments by
establishing legislation to promote investments at the same time of joining ASEAN and WTO. GDP growth
rate recorded double-digit from 2004 to 2007, and continued to sustain strong growth of 6-7.4% since 2010
after the Lehman shock, and it is expected to maintain 7% in 2017, Foreign direct investment (FDI) was
dropped to $500 million in 2009, but made a quick recovery and reached to $1.7 billion in 20157, It is
expected that the elimination of tariff barriers by ASEAN free trade agreement will stimulate the regional
economic activities.
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mmmm GDP (current US$)  =====FDI (current US$) (H )

Figure 1-1 * Trend of GDP growth and FDI inflow
(Source: World Development Indicators, World Bank 2015)

In terms of industrial composition of Cambodia, each sector accounts 28% for agriculture, 29% for
manufacturing sector and 42% for service industry sector based on the GDP contribution’. From the
investment view point, targeted sector for FDI has been diversified due to the shift of production area from
neighboring countries to Cambodia. Not only the tourism and garment sectors, additionally automotive parts
and agricultural processing sectors are getting more investment. However, tourism sector is still a driving

! ADB Key Indicators Cambodia 2015
2 World Development Indicators, The World Bank 2016

3 Key Indicators for Asia and the Pacific, ADB 2016
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force of Cambodian economy since 24.8% of the total investment was directed to tourism in 2014*, and
foreign visitors reached to more than 478 million people in 2015°.

1.1.3. Power situation
Due to a strong economic development and stable 1.3% annual population growth, power demand in
Cambodia is rapidly increasing in industrial sector and urban residential use. It has been increasing 20%
every year since 2010, especially increasing of garment factory which consume huge amount of electricity is
one of the main reason of this rapidly power demand increase in Cambodia. However, power infrastructure
development in Cambodia is far from the sufficient compare to the neighboring countries. Especially limited
capacity of power supply and under developed transmission and distribution network is a serious issue in
Cambodia. Since a small diesel generation is the major source of power supply at non-grid connected area,
the electricity tariff is high in the neighboring region.

31 2 Distribution
02 B Transmission
o 131 ’
04 B Generation and
“ “ “‘ -“!K"’\
Vietnam (EVN hilippines (Meralc

Figure 1-2 © Electricity tariffs in Cambodia and ASEAN neighbors
(Source: Mekong Strategic Partners 2016.3)

4 JETRO World Trade Investment Report 2015
5 Ministry of Tourism Cambodia 2016
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Figure 1-3 © Electricity supply in Cambodia
(Source: EAC annual report 2012)

Total power generation capacity including the imported power is about 5000GWh in Cambodia. Cambodia
started to import power from neighboring country since 2007 from Thailand, 2009 from Vietnam and 2010
from Lao. Imported power covered approximately 60% of total power generation in the Cambodia in 2010.
However, the imported power covers only 25% in 2015, because of the strong effort to strengthen the
domestic power generation capacity. It will be decrease significantly after 2017.

2015 (GWh)
7000

6000 18.31

1
5000
4000
3000 307.39 [ —
2000
1000 I
0

2010 2011 2012 2013 2014 2015

GWh

BCambodia ®Thailand ®Vietnam ®Laos * Cambodia *® Thailand * Vietnam * Laos

Figure 1-4 © Power Supply Trend
(Source: EAC 2005-2015 Annual Report)

Table 1-1 : Power generation development plan in Cambodia
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No. Generation Expansion Plan Type of Fuel | Capacity COD
MW)
1 | Lower Stung Tatay Hydro Power Plant Hydro 338 2015
2 | 700MW Coal Power Plant (II') —Phase 1 Coal 270 2014~2015
3 | 700MW Coal Power Plant (11 ) —Phase 2 Coal 100 2017
4 | 700MW Coal Power Plant (I ) —Phase 3 Coal 100 2018
5 | 200MW Coal Power Plant ( I ) in Sihanouk Coal 135 2016
Province — Phase 2
6 | Lower Se San II Hydro Power Plant Hydro 400 2017
7 | 7T00MW Coal Power Plant (II ) —Phase 4 Coal 100 2018
8 | Stung Chay Areng Hydro Power Plant Hydro 108 2019
9 | 700MW Coal Power Plant (Il ) —Phase 5 Coal 100 2019
10 | Sambor Hydro Power Plant Hydro 450/2600 2019
IT | Coal Power Plant (IIl) or Gas Power Plant Coal * Natural 400 2020
Gas

12 | Stung Treng Hydro Power Plant Hydro 900 2020

(Source: MME Presentation 2016.12)

Before 2011, most of the power generated in Cambodia was relied on diesel power generation. In recent years,
the development of large scale hydropower and coal power plant with the capacity of 200-300 MW were
developed in order to meet the strong power demand in the country. The composition of the energy sources
of domestic power generation are shifting as shown in below figure since those power plant started operation.
Hydropower is covering 47%, coal power 19% and diesel power was reduced to 11% in 2015.
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Figure 1-5 : Power generated by energy sources
(Source: MME Presentation 2016.12)

Electricity in Cambodia is mainly supplied by the state-owned power company Electricite Du Cambodge
(EDC) and Independent Power Producers (IPP). The composition of power installed capacity by the sources
of supply are shown on below figure. IPP accounts for 91% of total electricity supply and the rest are EDC
(7%) and others (2%). IPP has an important role in terms of the electricity supply in Cambodia.
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Figure 1-6 : Breakdown of Installed Power
(Source: EAC 2015 Annual Report)

Power consumption is steadily increasing at the annual average of 20% since 2010. Power consumption in
2015 was 5,201GWh which is almost double of five years ago. In terms of power consumption in 2015, each
sectors account for residential 30%, commercial 50%, industrial 20%. Compared with the situation in 2010,
electricity consumption in the off-grid area is expanding through independent power distributors.

2015 (GWh)

Other, 7.18

" Residential ® Commercial *® Industrial Other

Figure 1-7 : Sector wise electricity consumption
(Source: Cambodia National Energy Statistic, MME 2016)
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Electricity consumption is centralizing in major cities, especially in Phnom Penh city. Based on the
amount of electricity sold by EDC, electricity consumption in Phnom Penh city accounted for 71% which is
2,955.61GWh per year. Siem Reap province is 8% and other states area 21%.

Province Electricity sales
(GWh)
1 Phnom Penh 2,955.61
2 | Siem Reap 319.33
3 | Battambang 161.16
4 | Sihanoukville 141.27
5 | Svay Rieng 129.07
6 | Kampong Speu 84.50
7 | Banteay 71.32
Meanchey
8 | Takeo 54.43
® Phnom Penh = Siem Reap = Others 9 | Kampot 44.34
10 | Kampong Cham 43.35

Figure 1-8 * Electricity Consumption
(Source: EDC 2014 Annual Report)

In the case of Siem Reap area, power capacity is 90.50MW, peak demand is 59.39MW and power supply
amount is 346.46GWh. The sources of electricity are grid, imported from Thailand and diesel power
generation. Electricity suppling capacity in the area has improved since the beginning of operation of large
scale hydropower in Koh Kong province. However, the electricity price is still high in the rural area since it
is off grid, and it is supplied by independent power distributor who often uses small diesel generator for
power generation.

1.2. Energy Policy

1.2.1. Energy Policy
Power Sector Strategy 1999-2016 is the relevant energy policy in Cambodia. Its policy goals are listed as
follows.

(1) Carry out the power supply at a reasonable price throughout Cambodia

(2) Realize a stable and low-cost power supply to attract investments and to promote economic
development

(3) Promote the development of environmental and socially accepted energy resources

(4) Promote efficient power use with minimal impact on the environment

Rural electrification is positioned as an important component in the energy policy and Rural Electrification by
Renewable Energy Policy which was formulated in 2007. The goal of rural electrification is to achieve that all
villages will have the access to electricity by 2020, and 70% all rural household will have access to electricity
as same as grid connection by 2030.

Power supply development plan and power transmission and distribution network development master plan
until 2020 have being updated every year. Currently, power sector master plan was revised by MME and the
latest edition was released in 2016. Since the growth of the current demand is larger than the assumption, it is
mentioned on the revised master plan that the high demand case scenario is used for the base case of the
demand forecast until 2035. Officially published base case scenario of the power demand forecast until 2035
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is as follows.

Table 1-2 : Power demand forecast in Cambodia

Historical Projection Average Annual Growth Rates, %

1995- | 2012- | 2025- | 2012-

1995 2005 2012 | 2015 2025 2030 2035 2012 | 2025 | 2035 | 2035
Industry 438 693 884 895 1,138 1474 2,140 4.2 20 6.5 39
Transport 382 441 1,223| 1,489 2457 3,135 3976 7.1 55 49 53
Other Sector 1,716 1,653 2904 3,073 3,819 4312 4,889 31 21 25 23
Commercial 3 20 72 91 192 262 343 212 7.8 6.0 7.0
Residential 1,712 1629 2,822 2971 3,601 4,014 4,498 3.0 19 22 20
Others 1 4 9 12 25 36 48| 145 7.9 6.5 73
Non-energy 8 10 14 17 25 30 36 37 42 38 4.0
Total 2,543 2,798 5,025/ 5473 7,438 8951 11,041 4.1 3.1 4.0 3.5

(Source: Cambodia National Energy Statistic, MME 2016)

1.2.2. Energy Mix
Cambodia set a policy to achieve 100% power self-sufficiency in 2020 by reducing imported power. The latest
plan of energy mix shows its intention to actively increase the capacity of hydroelectric power and also coal-
fired power to supplement unstable power supply in the dry season. It is also considered that coal-fired power
might be replaced by natural gas if the natural gas is available from 2024.
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Flgure 1-9 : Outlook of electrlclty supply and the energy mix by 2030 (GWh)
(Source: Mekong Strategic Partners 2016.3)

Renewable energy in Cambodia is heavily relying on hydropower generation. The importance of solar and
biomass power generation is recognized in the rural electrification policy. In order to secure the stable power
supply in dry season, commercial scale renewable energy development except hydropower is discussed
between the Cambodian government and international donors. Cambodian government mentioned that solar
power, can cover 10% of the peak demand as a target until 2020 which is around 100MW.
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Figure 1-10 : Complementally Energy mix of renewable energy
(Source: MME Presentation 2016.12)

Based on the report from ADB, Cambodia has a significant potential for biomass power generation,
theoretically up to 15,000GWh per year. Especially, there are plenty amount of fuel such as rice husk or bagasse
in surrounding area of Tonle Sap lake. The biomass material such as firewood or animal dung are used already
in Cambodia for cooking or heating in a residential in rural area or charcoal production.

Table 1-3 : Biomass Production

Unit: ton

Year Firewood Biogas

2007 4,272,869 621.57
2008 4,459,457 1,265.29
2009 4,583,360 1,413.93
2010 4,644,997 2,023.60
2011 4,856,076 2,608.41
2012 5,053,881 2,270.61
2013 5,262,683 602.65
2014 5,520,148 881.54
2015 5,681,802 -

(Source: Cambodia National Energy Statistics, MME 2016)
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Table 1-4 : Firewood Consumption for Transformation Process

Unit: ton

Year Electricity Charcoal

2007 6,304 2,280,673
2008 5,438 2,380,875
2009 7,783 2,445,854
2010 6,983 2,479,230
2011 14,288 2,588,155
2012 14,096 2,693,994
2013 8,016 2,808,858
2014 20,148 2,940,000
2015 48,562 2,984,159

(Source: Cambodia National Energy Statistics, MME 2016)

The utility scale of biomass power plant in Cambodia is limited now. For example, there is a biomass power
plant in Kampong Speu province and Kratie province totally 25MW which is using bagasse for the fuel, and
1.5MW biomass power plant in Kampojng Tom province which is using rise husk.

Figure 1-11 : Electricity output from biomass power plant
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(Source: EAC 2015 Annual Report)

On the other hand, urban waste in Siem Reap city is significantly increasing due to the huge amount of tourists
5 million people in annual. It may increase the risk of the health of people, and serious environmental impact.
Siem Reap government is trying to make a master plan related to this issue with local waste management
company Global Action for Environmental Awareness (GAEA) to aim for holistic solution of urban waste
management. However, the waste management issue is becoming serious year by year. Government implement
a solution technology, though the policy and regulations are undeveloped yet, and the understanding and
cooperation with residents in the city is not managed well. Total waste amount is over 350 ton per day. Existing
garbage site is full already, holistic waste management system and proper disposal system are not implemented.
Siem Reap government mentioned that it is one of the highest priority issue in this area. Appropriate usage of
urban waste for the fuel of biomass power plant is strongly needed in Siem Reap.
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1.2.3. Pricing Policy
Cambodia is trying to reduce electricity tariff to attract FDI and to promote economic growth and industrial
development. The government has announced that they gradually decrease the electricity tariff as shown in
below table by upcoming further hydropower developments. Furthermore, the target for the end user price is
750 riel/kWh by minimizing the price gap between urban and rural areas by 2020.

Table 1-5 : Plan for Reduction of Prices and Price Gap for Large Commercial and Industrial Usage (Unit:

US$/kWh)
2015 2016 2017 2018 2019 2020
From Sub-station 0.129 0.126
From Phnom Penh main line 0.177 | 0.172 | 0.167 | 0.165 | 0.163 | 0.162
From Provincial main lines 0.1725 | 0.1675 | 0.165 | 0.164

(Source: SREP Investment Plan 2015.5)

1.3. Policy on Climate Change

1.3.1. Related policy and plan
Cambodia has been developing domestic laws and policy towards a low-carbon development. Rectangular
strategy III and National Strategic Development Plan 2014 - 2018 are the fundamental of the national
development strategy. National Strategic Plan on Green Development 2013 - 2023 and the Cambodia Climate
Change Strategic Plan 2013 - 2023 are the focal policies for the climate change. JCM and CDM are positioned
as part of the specific schemes for the implementation of the projects.
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Figure 1-12 : Strategy for Low Carbon Strategy in Cambodia
(Source: Towards Low Carbon Strategy in Cambodia, Seminar document of LoOCARNet, 2014)

National Policy on Green Growth and National Strategic Plan on Green Growth (NGGSP) 2013-2030 was
formulated in March 2013. NGGSP put emphasis on the balanced development between economic
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development and environmental protection, cultural preservation, social stability and sustainable
consumption of natural resources. NGGSP also includes the promotion of green investment by utilizing
green technology.

In addition, “Cambodia Climate Change Strategic Plan (CCCSP) 2014-2023” was formulated and was
positioned in the national policy in October 2013 for the climate change adaptation. The objective of this
plan is to contribute to low-carbon development by reducing GHG in cooperation with the international
society by considering the impact on national development and climate change. The detail action plan by
each ministry was made in 2016. Following table shows the summary of CCCSP.

Table 1-6 : Summary of CCCSP

Strategic Objective

Implementation Phase

Promote climate resilience through
improving food, water and energy
security

Reduce sectoral, regional, gender
vulnerability and health risks to climate
change impacts

Ensure climate resilience of critical
ecosystems (Tonle Sap Lake, Mekong
River, coastal ecosystems, highlands,
etc.), biodiversity, protected areas and
cultural heritage sites;

Promote low-carbon planning and
technologies to support sustainable
development;

Improve capacities, knowledge and
awareness for climate change responses;
Promote adaptive social protection and
participatory approaches in reducing loss
and damage due to climate change;
Strengthen institutions and coordination
frameworks for national climate change
responses; and

Strengthen collaboration and active
participation in regional and global
climate change processes.

Immediate term (2013-2014)

putting in place institutional and
financial arrangements for the
implementation of the CCCSP
development of national monitoring and
evaluation (M&E) frameworks and
indicators

development of climate change action
plans (2014-2018) by line ministries

Medium term (2014-2108)

accreditation of the Adaptation Fund
and Green Climate Fund

research and knowledge sharing and
capacity development

launching some high priority
projects/programmes in key sectors

Long term (2019-2023)

research and learning to scale up
success cases

mainstreaming climate change into
national and sub-national programmes

(Source: CCCSP 2014-2023)

Cambodian government submitted mitigation plan for climate change to COP 21 under the framework of
UNFCCC. Following table shows the priority actions and CO2 reduction target identified in each industrial
sector.

Table 1-7 - Mitigation actions in key sectors — aggregate reductions by 2030

GgCO02eq
Reduction

Sector Priority actions
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Energy
Industries

National grid connected renewable energy generation
(solar energy, hydropower, biomass and biogas) and
connecting decentralized renewable generation to the
grid.

Off-grid electricity such as solar home systems, hydro
(pico, mini and micro).

Promoting energy efficiency by end users.

1,800 (16%)

Manufacturing
Industries

Promoting use of renewable energy and adopting energy
efficiency for garment factory, rice mills, and brick
kilns.

727 (7%)

Transport

Promoting mass public transport.

Improving operation and maintenance of vehicles
through motor vehicle inspection and eco-driving, and
the increased use of hybrid cars, electric vehicles and
bicycles.

390 (3%)

Other

Promoting energy efficiency for buildings and more
efficient cookstoves.

Reducing emissions from waste through use of
biodigesters and water filters.

Use of renewable energy for irrigation and solar lamps.

155 (1%)

Total Savings

3,100 (27%)

(Source: Intended Nationally Determined Contribution to the UNFCCC submitted to COP21, 2015)

At COP22 in 2016 held in Morocco, Cambodian environmental minister Mr. Say Samal has mentioned that
the implementation of CCCSP is important to achieve the target of INDC’s. Furthermore, he also mentioned
that Cambodia should make a long-term road map until 2030. On the other hand, he added more financial
support is necessary for the mitigation of climate change, thus Cambodian government will simplify the

process of applying to Green Climate Fund.

1.3.2. Related organizational structure

As an organization for implementing above policy and strategy, National Climate Change Committee (NCCC)
and National Council of Sustainable Development (NCSD) were established at initial stage. However, the
responsible organization for planning and implementing climate change related policy and program is now
integrated into only NCSD due to the task duplication between NCCC and NCSD. NCSD is a cross cutting
organization of several ministries and other related agencies such as MOE, MME, EDC, EAC and MOEF,

chaired by Prime Minister Hun Sen and Minister of the Environment.
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Figure 1-13 : NCSD formation
(Source: Department of Climate Change website)

1.3.3. Policy for renewable energy business promotion

As a preferential treatment for promoting the renewable energy business, import duty of solar power generation
equipment has been reduced from 30% to 7% in 2009. However, further policy support is necessary for the
deployment of renewable energy business in Cambodia. At this moment, exemption of the import duty for the
renewable energy-related equipment has been discussing in Cambodian government initiated by donor
agencies.

Cambodian government also announced that they are promoting 10MW solar project at Bavet in Cambodia.
According to EDC, with the support of ADB and AFB, they can complete this project and feasibility study for
connecting solar generated electricity to national grid by the middle of 2017. Depend on this feasibility study
result, they will make a conclusion of grid connection from solar and also FIT system. Solar Energy
Association Cambodia has sent a proposal of net metering system to MME to start FIT in Cambodia as soon
as possible.
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2. Survey outline
2.1. Survey background and objective

2.1.1. Survey background
Siem Reap City locates north-west part of the Kingdom of Cambodia, 314km far from Phnom Penh capitol
city, using National Road No, 6. According to the document from Mr. Sophean, who attended the City to City
Collaboration Seminar in Japan, Siem Reap City has a land area of 10,299km? and has a population of
1,042,286. About the growth rate of population, it is increasing by 3%. The overview is as follows:
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Figure 2-1 : Siem Reap Province and Main Focusing Area
Angkor Wat, world heritage site, is a temple complex located at the suburb of Siem Reap city. The population
of the city is about 256,018 in 2015. Buildings and arts from the Khmer dynasty (during 9th to 14th century)
are remained in Angkor Wat which was registered as a World Cultural Heritage of the United Nations
Educational, Scientific and Cultural Organization (UNESCO) in 1992. Angkor Wat is a major tourist
destination of Cambodia where annual tourist reached about 5.02 million in 2014, out of which 2.35 million
tourists were from overseas. It has a great presence in the tourism sector which is a leading industry in
Cambodia which accounts for over 10% of GDP.

However, due to rapid increase of the population and tourists, Siem Reap city and surrounding area of
Angkor Wat are facing challenges of developing adequate infrastructures and environmental facilities such
as: water supply, electricity and roads, waste disposal and wastewater treatment. In addition, air pollution is
becoming a serious issue which is caused by the exhaust from vehicles without sufficient emission control
measures, large diesel generators used in the hotel and open burning of the accumulated wastes. In order for
Siem Reap city to achieve sustainable development as an attractive tourist city, the city is required to take
actions to establish a low-carbon society.

The governor of Siem Reap province and the mayor of Siem Reap city have formulated a city master plan
focusing on the improvement of "environment", "transportation", and "issue of squatters" to be the model
"low-carbon tourism city" in Asia. Based on this masterplan, an individual action plans are being
implemented. For its execution, experiences and know-how from Japan's local governments and Japanese
private companies is strongly expected.

On the other hand, Japanese government is establishing a bilateral credit system called Joint Crediting
Mechanism (hereinafter called JCM) to complement the scheme of "Clean Development Mechanism
(hereinafter called CDM) in order to actively promote the deployment of Japanese low-carbon technologies
and products to developing countries to contribute to the mitigation of global warming in a global scale. A
bilateral document on the JCM scheme was already signed between Japanese Government and 17 countries
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in Asia and Africa. Cambodian government is also starting to implement specific projects under JCM
scheme and there is a great expectation in the deployment of Japanese carbon technologies in Cambodia.

During this project, the United Nations Framework Convention on Climate Change 21th Conference of the
Parties (COP21) was held in Paris France from 30 November to 12 December 2015. The Japanese
government delegation led by Mr. Maruyama, Minister of the Environment, praised the fact that COP
decision including "Paris agreement", the legal framework, was adopted, and that it will be a fair and
effective framework agreed by the participants from all countries.

22th Conference of the Parties (COP22) was held in Morocco Marrakech from 7" November, and Mr.
Yamamoto, Minister of the Environment, as a representative of Japanese government, contracted “Paris
agreement”. In the conference, Japan as a country assured to promote JCM more as one of the most
significant issue. It is important to continue negotiation on the implementation guidelines of the Paris
Agreement.

2.1.2. Survey Objective
Based on the mentioned background above, following survey objective were set for the “Fisical Year 2016,
JCM Project Formulation Study for Realizing Low Carbon Cities in Asia, Project for Developing Low-
CarbonTourism Cities through the Joint Crediting Mechanism in Siem Reap (thereafter called “the project”).

®  Reduce the amount of energy-origin CO2 through “whole city approach”, faceted deployment and
continuous project formulation in Siem Reap City. Performing two investigations for possibility survey,
“Project for Installing photovoltaic (PV) modules on Rental rooftops of public high school”, and
“Project for Developing Low-carbon biomass power generation using urban organic solid waste and
rice husks to contribute a reduction for urban solid waste and taking adequate measures”

®  Conduct survey to understand their needs as JCM Project Formulation Study for Realizing Low-Carbon
Tourism City, for MME (Ministry of Mines and Energy), EAC (Electricity Authority Cambodia), EDC
(Electricite Du Cambodge), and MOE (Ministry Of Environment)

®  Conduct survey for Rooftop solar on the Sstar Hotels and Hydroponic cultivation machinery in Eco
village, aiming to acquire the Joint Crediting Mechanism in Siem Reap

®  Conduct survey to apply for an equipment subsidy project using credits between 2 countries for next
FY2017 (hereinafter JCM equipment subsidy).

®  Conduct survey for realizing JCM equipment subsidy, “Survey to detect projects for installing solar
power generation”, “Survey to promote eco mobility project and to improve the situation of tourism
city traffic”, and “Survey to realize the indoor hydroponic farming using LED lighting”, as to seek the
potential for JCM equipment subsidy collaterally

2.2. Survey item and methodology
2.2.1. Survey item

In order to move toward to the "low-carbon tourist city (low carbon tourist city formation that utilize JCM)"
of Siem Reap City, the agreement for inter-regional local government cooperation was made between Siem
Reap Province and Kanagawa Prefecture. Under the guidance of Kanagawa Prefecture, a grant application to
the JCM equipment introduction project was attempted by targeting two sectors "distributed and independent
renewable energy project (hereinafter called “renewable energy facilities introduction project”)" and “tourist
city transport development project". In particular, renewable energy equipment introduction project targeted
the "solar power generation facilities introduction project" and “Biomass power generation facilities
introduction project”.

The Project carried out a review of the revised plan and future plans of energy sector and transport sector of
the Siem Reap City Master Plan and proposed a strategy for low-carbon city development. However, for the
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implementation of the Project, it was inevitable to examine entire region targeting not only neighboring
provinces but the whole country. As a result, the Project also conducted JCM project formation feasibility
study in Phnom Penh, Bavet and Poipet.

Asian Gateway Corporation (hereinafter AGC) implemented to consult for Global Environmental Center
Foudation (hereinafter GEC) to realize the project, in order to apply for the JCM equipment subsidy for
FY2017. Furthermore, AGC prepared to establish its subsidiary inside of Cambodia, in order to implement
solar power generation facilities introduction projects in Siem Reap Province as well as within Cambodia.

The contents of the survey of this project are summarized as follows:

(1) Project for Developing Low-carbon biomass power generation using urban organic solid waste and
rice husks to contribute a reduction for urban solid waste (hereinafter survey to introduce Biomass
power generation equipment)

*  Surveyed to realize the Biomass power generation equipment, sorting organic garbage from
municipal waste and mixed-burning with rice husk.

*  Surveyed the mixtured waste and the situation of fractionation in 5 star hotels

* Inspected dumping sight, and surveyed the real situation for urban waste processing

* Interviewed some urban waste processors and investers, and discussed improvement plan for urban
waste processing system. Surveyed the development of fractionating center and recycle center, and
reclaiming and renewing of the dumping sight.

*  Visited rice mills in Siem Reap province, and surveyed the possibility for supplying rice husk.

(2) Surveys on the needs of potential JCM project

e For the "Tourist city transport development project”, the survey was conducted last year to introduce
of electric vehicle (Electric Rumomoto (Cambodia para-transit vehicle)) to improve the mobility of
foreign tourists. This year, the survey team attempted to procure finances and prepared to establish
operating company for the commercialization of "Angkor Mobility Service”. As a complementary
policy of "Tourist city transport development project”, following potential investigation was carried
out.

e Feasibility study for the promotion of 2 wheeled electric bikes
e Feasibility study for the promotion of 3 wheeled electric bikes

(3) Realization of inter-regional municipality cooperation

e  Cooperation was achieved between Siem Reap province and Kanagawa Prefecture who has the know-
how of establishing a low-carbon society. To promote the recognition of the meaning and purpose of this
cooperation, kick-off meeting and seminars were conducted and action policy was organized.

o Surveyed to realize the low carbon tourism city using renewable-energy and saving-energy technology,
introduced by Japanese government Kanagawa prefecture and its municipalities’ law and technology.

° Attended to the JCM Seminar in Japan two times, from October 17" to 22th 2016, January 23th 2017,
hosted by Ministry of Environment Japan.

2.2.2. Survey method and Survey outline
Survey procedures and outline of the survey content are summarized as follows.
As shown in the figure bellow, we surveyed focusing on 3 areas, inside of the Siem Reap city.
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Figure 2-2: Area Map
(Source : Google Map, and edited )
Survey to introduce Biomass power generation equipment (Targeted sights are Area 1, 2 and 3 in the upper
source.)
Through this project, aiming to realize the low carbon city to reduce the amount of energy originated CO2 in
Siem Reap city by continuing project formulating. Continuing to propose for JCM facility support project by
seeking the possibility to promote renewable energy and energy efficiency except rooftop solar power.
Surveyed the existing and future projects about energy, environment and transportation in Siem Reap city, as
follow:
1. Biomass power generation equipment installing project
Biomass power generation equipment installing project, mixed combustion urban waste and
rice husk
3. Amorphous transformer installing project makings sure of interconnection from biomass power
generation system

Summarizing the needs survey method for each potential project, as follow:
(a) Considering to realize the JCM project for biomass power generation system using rice husk

Some rice husk biomass power generation already started operation in Cambodia. However, profitability
of biomass power generation is bad, and new comer for this business is not enough. Because the amount
of rice husk is not enough and yielding is not stable, depending on situation through a year.

Through this project, gather rice husk from Siem Reap province and neighboring provinces, such as
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Battambang and Banteay Mienchey, in one place in Area2 or Area3 in Siem Reap province. Implemented
survey by setting a hypothesis that developing a biomass power generation using co-combustion of rice
husk and urban waste, and supplying biomass powered electricity for local people and hydroponic indoor
farming by LED. Implemented survey the possibility to install Japanese high technological rice husk
biomass power generator into Cambodia.

Based on above consideration, investigated to realize the project for installing biomass power generation
using co-combustion of rice husk and urban waste.

Surveyed the possibility for joint venture with local company which has interest for biomass power
generation using rice husk, by considering the difficulty for fundraising. Reported these results for Siem
Reap province and neighboring provinces, confirmed the contribution for the situation of electricity
supplying, and got support to realize this project.

Implemented a chain of survey to realize the project of installing biomass power generation using co-
combustion of rice husk and urban waste, and establishing AGC’s subsidiary in Cambodia, as following
figure. In parallel, surveyed to realize the project for community solar at same time.

Monitoring &
Community Waste-to- Evaluating

Solar Energy

To specify current status of

master plan and

development problems in

Siem Reap City

To develop JCM Projects

. focusing on “Community
Defining Solar” and “Waste to

Objectives Energy”

To introduce Japanese

e . technologies and solutions

Identifying To exchange ideas of
Problems project development,

implementation and benefits

under C2CC

Figure 2-3: Methodology for the research

Outline for the project is systemized as follow. We had a kick off meeting with Siem Reap provincial
government at May 20", 2016, and shared the purpose and policy for this project together. Subsequently, we
implemented each factor “Indentifying Problems”, “Defining Objectives”, “Indentifying Actions” and
“Identifying Impact”.
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Figure 2-4: outline for the research

Inside of this outlines, important points are follow:

6))] Reviewed existing project and future plan of energy supply in Siem Reap city and within Cambodia,
condition of connecting solar power to the grid, sales price and other related laws and regulations

through interviewing EDC, MME and EAC etc.

(i1) Surveyed for the land which has the possibility to install the biomass power generation, and the
company which has the possibility to have responsibility for EPC, in Siem Reap. Verifying problem
in the case for connecting biomass power generation system into national grid, and anticipating for

specification and the amount of generating electricity by solar power generation system.

(iii) Collaborated with Kanagawa prefecture as City to City Collaboration (hereinafter C2CC), we invited
the very important 2 persons from Siem Reap province to Japan twice, introduced Kanagawa’s
experience and implemented case study for them by visiting certain companies. The 2 person joined
to the seminar in Japan, and they had a presentation about “Green City” which tries to realize the low
carbon society, and also explained about the system of waste treatment in a city, eco-mobility and

installing solar panel on the rooftop.

(iv) Surveyed the possibility to collaborate with a local EPC partner and a turnkey provider which come
from foreign country (including EPC and O&M, and they also provide project financing).

Implemented the due diligence especially for financing with turnkey provider.

v) Started to register AGC’s subsidiary in order to implement JCM facility support project in Cambodia.
The business plan for AGC’s subsidiary will include EPC for rooftop solar (installing project), direct
power marketing as Independent Power Provider (hereinafter IPP) including O&M, providing energy
efficiency equipment, Hydroponic indoor farming using LED lighting and electric mobility, as they
are all integrated. To have a clear view for those project, we implemented formulation of the projects,

considering the risk and counterplan, financial projection and financial planning.

(vi) Prepared for the JCM facility support project, we signed cooperative business partnerships between
some EPC partners and turnkey providers, and considered to make business plans and financing plans
to install solar panels, depending on each prospective. Constituted International Consortium for each

projects as an organization to implement JCM facility support projects.

(vil)  Experienced to formulate performances and skills, and constructed implementation system to become

a representative of International Consortium.

(viii)  Considered whether to utilize the financial supporting scheme (such as JCM facility support project
by MOEJ, cooperation project with JICA and Japan Fund JCM by ADB) with installer project, direct

power marketing as IPP and Integration project.

(ix) MRV and PDD was done mailnly by OECC with JDI. Calculated the reduction amount of energy
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origin GHG emission based on JCM’s MRV methodology. About the MRV methodology, we prepared
in English to be able to submit to JCM joint committee after requiring from MOEJ immediately. About
PDD methodology, we also prepared in English to be able to submit to the third party selected by JCM
joint committee immediately.

Other investigations to realize this project are summarized as bellow:

(b)

(c)

(d)

(e)

Considering to realize JCM financing project for biomass power generation equipment using urban waste
and rise husk

Consulted with Siem Reap city mayor many times to promote the city master plan and project management
for the future. Figure out that there are 250 tons urban waste in a day and it continues to be increased every
year. Proved that management for separation and collection, and straging and disposing for urban waste
have a lot of problems. Suggested to install biomass power generation equipment, with arranging for
current situation and solving problem, consulting with waste collection and transportation contractors.
Implemented the survey to realize the biomass power generation equipment by using Japanese style.

Considering the project to install high efficiency transmission and distribution equipment (hereinafter
amorphous transformer) to realize as JCM

Implemented the survey to realize installing amorphous transformer, which needs Japanese technical skill,
to Cambodia, and focused especially on cooperating with local company technically. Some suppliers, such
as ABB, Thai Patanakit and THIBIDI, already implemented to import normal transformer to EDC.

Considering the tourism city transportation development project to realize as JCM

Prepared for the survey to manage the running of e-moto and to promote the reuse of batteries by
introducing e-moto in a Sstar hotel in Siem Reap city and renting it for tourist. Suggested big companies
and schools board member a business model to purchase e-moto for renting it for employees and staffs to
commute. Fundraised to stat the project. Considered to change the situation for mobility service, by use e-
trike as a substitute for Rumork-moto which is para transit. Elected good driver, supported by Rumork-
moto association.

Reporting for JCM potential project plan, MRV and PDD

Utilized gathered information, reported for JCM potential project plan. Through consulting for Japanese
concerning companies, local concerning companies, neighbor concerning companies and international
organization such as JICA and ADB, implemented survey about supporting scheme to realize the project
such as JCM facility support project, JICA’s cooperation project and JFJM by ADB, and all scheme are
supported by MOE]J.

2.2.3. Survey Implementation Arrangement
(i) Implementation agency

Cambodia: Siem Reap provincial government, Siem Reap city council, and APSARA
Authority
Japan: Japan Development Institute Ltd., Asian Gateway Corporation (AGC),

Asahi Glass Co., Ltd, Finetech Co., Ltd, and Overseas Environmental
Cooperation Center (OECC)

(i1) Relevant government agencies

Cambodia: Electricite Du Cambodge (EDC), Electric Authority Cambodia (EAC),
Ministry of Mines and Energy (MME), Ministry of Environment (MOE),
Siem Reap rice millers association, and Siem Reap Tuk Tuk drivers
Association

(iii) Municipality
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Energy Department, Industry and Labor Bureau, Kanagawa Prefecture

(iv) Relevant donors

Japan International Cooperation Agency (JICA), United Nations Educational, Scientific and Cultural

Organization (UNESCO)

Implementation arrangement is as follow:

"8 Implementation Agreement @

Royal Government of Cambodia | Adjustment

JDI

©

Ministry of | Ministry of APSARA
Environme | Tourism Authority

MME

AZa=5F14—VY—F—5%

Siem Reap City

Urban Waste | |, estigation

Asian Gateway Co., Ltd

Each Hotels EDC

Disposer ' l

Finetech Co., Ltd

Siem Reap Provincial Government Policy

qSa2=Fq—Y—5—B%

Introduction

<+->

2.2.3. Survey Schedule

Kanagawa Prefecture

Figure 2-5: Implementation arrangement

Survey implementation list for this year is follow:

Considering the strategy to

realize the low carbon tourism
city using JCM scheme

Preparing and

price, and the other law
concerning project

April, 2016 . . . adjustment  for
* Discussing with Japanese and . .
. L kick off seminar
Cambodian institution, and
agreed for the investigation plan
- Evaluated existing projects in
Siem Reap City, and forecasted
for future supply and demand * Kick off meeting
Maty, 2016 Implemented survey for with Siem Reap _
e s L
(17 Visit) connecting Biomass energy to Provincial
the national grid, the electric government

31




Implemented survey about
garbage from Hotels in Siem

Reap N Exchanging
Surveyed the possibility to | ©Opinion between
June,2016 cooperate with local companies (In Slem . LG
(2" Visit) Siem Reap and Bangkok) LG i
* Discussed with Siem Reap city goYernment .
* Briefing Session
government how to proceed .
. in a hotel
* Survey for new project in Phnom
Penh and Bavet
Surveyed the possibility to
cooperate with local company
(in Siem Reap and Bangkok)
* On site verification in certain 5
hotels * Shared statement
* Surveyed to realize the project in with Siem Reap Prepared
July, 2016 Area 2 and Area 3 Provincial and interim
(3" Visit) * Considered the possibility to | City government reporting to

collect garbage from Hotels in
Siem Reap city

Fundraising(in Bangkok and
Phnom Penh)

* Investigated new project in Poi

Pet

* Kick off seminar
in Cambodia

MOEJ

August, 2016
(4™ Visit)

* On site verification to certain 5

star hotels

* Surveyed to realize cooperation

with local company (In Siem
Reap, Bangkok and Singapore)

* Surveyed to realize the project in

Area2 and Area3
Fundraising (in Bangkok,

Singapore and Phnom Penh)
Fundraising for AGC’s

subsidiary (by angel investor)

* Shared statement
with Siem Reap
Provincial ~ and
City government

Prepared  for
seminar in Japan

Interim
reporting to
MOEJ

September, 2016
(5™ Visit)

* Produced planning for solar

power project

* Surveyed to realize the project in

Are 2 and Area 3

* Investigation MRV and PDD

scheme

* Inspected for Poi Pet

Fundraising (in Bangkok,
Sinpapore and Phnom Penh)
Fundraising for AGC’s

subsidiary (by angel investor)

* Shared statement
with Siem Reap
Provincial ~ and
City government

Prepared  for
seminar in Japan
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October, 2016
(6™ Visit)

+ Offered advice for Japanese
company
* Surveyed to realize the project in
Area 2 and Area 3
* Fundraising (in Bangkok and
Phnom Penh)
Fundraising for AGC’s
subsidiary (by angel investor)

* Shared statement
with Siem Reap
Provincial  and
City government

Prepared  for
seminar in Japan

* Shared statement
with Kanagawa-
prefecture  and
Yokohama-city

Inspection for
companies in
Kanagawa-
prefecture

Attended
City to City
Collaboratio
n seminar in
Kita-
Kyushu-city

November, 2016
(7™ Visit)

* Surveyed to realize the project in
Area 2 and Area 3

* Fundraising (in Bangkok and
Phnom Penh)

+ Offered advice for Japanese
company

+ Considering the project risk and
countermeasure

* Made financial planning and
financial planfor this project

* Prepared to establish AGC’s
subsidiary

* Shared statement
with Siem Reap
Provincial and
City government

Interim
reporting to
MOEJ

December, 2016
(8™ Visit)

* Surveyed to realize the project in
Area 2and Area 3
* Considering project with turnkey
provider
Considered MRV and PDD
scheme
Agreed establishing AGC’s

subsidiary with local invester
and made a contract

* Shared statement
with Siem Reap
Provincial and
City government

January, 2017
(9™ Visit)

* Surveyed to realize the project in
Area 2and Area 3
* Discussed to realize project with
concerning companies
* Considering project with turnkey
provider
Started
registering AGC’s subsidiary
Consolidating the result of
investigation
+ Considering MRV and PDD

preparation  for

Attended to
Seminar in Japan
* Shared statement
with Siem Reap
Provincial  and
City government

Final
reporting to
MOEJ

33




scheme

February, 2016
(10" Visit)

* Considering project with turnkey

provider
Consolidating the result of | Shared.statement
investigation with Siem Reap

Provincial and

Started reparation for .
prep City government

registering AGC’s subsidiary
* Wrote final report

Table 2-1: Survey Implementation List
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3. Investigate the suitability of installing biomass power generation using low carbon organic
waste and rice husks, contributive to the reduction of urban waste.

This project is to set and manage the biomass power generation as one of renewable energy in Siem Reap
province. As biomass power generation is significant for effective use of resources and does not discharge
GHQG, it suits for the concept of carbon newtral. The system of biomass is basically same as thermal power
generation, and it uses biomass which means biological originated resources. There are some biomass types,
one is woody biomass by using lumber waste and construction waste, other is bio-ethanol by using plants and
another is bio-gass. Through this project, examined how to gather the resource and how it works for economic,
and targeted for combustible urban waste and rice husk discharged from rice mill. Biomass power generation
will success if securing for biomass fuel is good economically and continuously. Implemented survey to realize
this project from the view of effective utilization of resources. Implemented technical survey for co-
combustion burnable waste and rice husk.

3.1. Survey for the possibility to gather biomass fuel

To increase combustion efficiency, only burnable urban waste is not enough. Thus surveyed the possibility by
setting hypothesis that it is better to co-combust rice husk, which is more than 80% of total, and urban waste
together.

Considered the following points as the main investigation:

6))] Transition for the amount and price of rice husk imported to Thailand from domestic rice
mill

(i1) Possibility to secure stable amount of rice husk in Siem Reap province

(iii) Types and amount of waste, and current processing system in Sstar hotels in Siem Reap
city

(iv) System of processing for urban waste, and the amount and cost of organic waste which can
be separated

v) Cost of securing and transportation for fuel, and cost for saving and storaging

3.2. Survey for the possibility to secure stable amount of rice husk

This survey is for the stable acquisition of rice husk in Siem Reap and to be use the main fuel to power up
the Rice-Husk Powered Electric Generator and to supply stable and cheaper electricity within the vicinity of
the proposed Eco Village in Siem Reap.

Siem Reap and its neighboring provinces has the full capability to supply enough rice-husk to power-up the
entire Eco Village Community for at least 1 year. Cambodia needs more sources of cheap electricity and the
use of rice husks as a renewable form of bio-fuel energy source is a big help to produce cheap electricity.

Through this research, AGC positioned ourselves as buyers and were classified as a direct-competitor for the
local brokers. The Research team have visited 12 districts of Siem Reap province with a total of more than
500 km of road; tried to get in touch with association leaders, members of association and random residents
to complete this report and finally, to take some pictures that will help to illustrate the research.

3.2.1. Schedule for the survey
Day 1: 20, November, 2016
Planned schedule and transportation to go to each area, with president of Commercial Chamber of

Siem Reap province.
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Day 2:

Day 3:

Day 4:

Day 5:

Day 6:

Day 7:

Day 8:

Day 9:

21, November, 2016
Siem Reap and Bakong area

No Rice Association Bakong, but close to Siem Reap and Sotr Nikum.
Surveyed with a member of Commercial Chamber of Siem Reap province, and president of
rice miller association of Siem Reap province.

22, November, 2016

Surveyed Sotr Nikum and Svay Leu area
Surveyed with a member of Rice Leader Association of Sotr Nikum, and Elected Rice
Leader Association of Svay Leu.

23, November, 2016

Chhea Kranh, boundary to Kampong Thom Province
Surveyed with a member of Rice Leader Association of Chhea Kranh.

24, November, 2016

Kralanh and Srei Snom area
No Rice Association Srei Snom, but close to Kralanh

Surveyed with a member of Rice Leader Association of Kralanh.

25, November, 2016

Pouk and Angkor Thom area
No Rice Association Angkor Thom, but close to Pouk and Siem Reap
Surveyed with a member of Rice Leader Association of Pouk.

26, November, 2016

Angkor Chum area
Surveyed with a member of Rice Leader Association of Angkor Chum.

27, November, 2016

Banteay Srei and Koulen area
No Rice Association, but close to Svay Leu and Sotr Nikum District.

28, November, 2016
Varin, boundary to Oddormeanchey province

No Rice Association, but close to Angkor Chum.

3.2.2. Investigation result
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Gathered strong evidence that majority of Rice Mill Operators in Siem Reap Province prioritizes the supply
of rice husks to Thailand, because of good buying pricing from Thai brokers. However, it is also obvious of
their support and the willingness to cooperate to share their Rice Husk Supply to local operators, and they
will use the rice husk to reduce the price of electricity as a common benefit for the people in Siem Reap.

Surveyed there is no contract and clause for the majority. Figured out that the operators was avoiding
themselves to be locked from any fixed agreement and don’t want to be blocked themselves from earning
more as a result from the heavy demand of Thailand for rice husk.

However, our research also showed that operators are willing to reconsider the option of supplying their rice
husk if the price is right, meaning similar pricing or better higher than Thailand buyers. The flexibility of
Rice Mill Operators was clearly brought out and their willingness to support the good objective of our project
is clearly mentioned in the research. Cooperation and negotiation can be done. As operators are willing to
reduce the pricing, it should be proved that the rice husk can be used for a good cause with direct effect to
the end consumer. Surveyed their disbelief for non-support by a domestic company, due to the poor
coordination and weak relationship. Also figured out that a company gives cheaper pricing to rice mill
operators compared to the price in Thailand. One of the biggest issue is that there is no rice husk market,
answered by majority, and it simply explains that rice mill operators cannot expand their operation because
of less demand on the rice export. According to the operators, what they milled is majority for local
consumption only, and other countries like Thailand and Vietnam have overtaken Cambodia on the business
of rice exportation to other countries.

Through constant interview with Rice Mill operators, visited a project site that has been operating for over 5
years, managed by led (Invest at Klong Village, Char Chhuk Commune, Angkor Chum District). They are
using rice husk and fire burned wood for producing electricity to supply for town of Angkor Chum District.
The people who managed the site refused to offer additional information, thus asked the residents for some
questions pertaining to iED Invest.

Figured out that there are competitive local brokers who are willing to buy rice husk from rice mill operators
with a higher price and sell it to Thailand brokers. These local brokers have their trucks and staff who are
ready to collect the rice husk from rice mill operators. However, mobile rice millers are not the target of local
brokers due to the less volume that they are producing. Mobile rice millers can contribute to the success of
this project, if a proper distribution center or network will be created.

The largest benefit to be involved in such projects is to show to the public our positive stance on the ideology
of local production for local consumption and the justification of support to the environment and clean
development. To achieve public participation, it must be established a committee who will help and organize
between international and local developers and local people, and they will also help to evaluate environmental
issues appropriately from this project.

In this regard, it is important for local government to play its role to achieve the objective of this project,
such as setting up proper tariffs, regulating supply for neighboring countries, and offering subsidies or less
taxes for rice mill operators. They wish to contribute a significant volume supply of rice husk to be used as
fuel on producing cheap electricity for people in eco-village and neighboring districts that don’t have any
electricity. Through acceptance and implementation of this project, it will contribute and be considered as a
strong driving force on promoting green investment in Cambodia.

3.2.3. SWOT Analysis

SWOT analysis was brought up in this report to support the foundation for the steady domestic
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acquisition for rice husk for local consumption, such as cheap electricity.

Strength:

. Rice Husk was proven as another good source of income for farmers and mill operators

. Rice husk market is mature and considered to be known by all farmers and mill operators

. Rice husk is a good source in Cambodia and has ability to supply for neighbor countries and
local market, farmers and livestock operators

. Rice Husk was internationally recognized on the followinguses:

Renewable fuel

Building material, such as fiber boards

White-ash and pure silica

Production of furfural which is industrial solvent
Cattle feed
Biodegradable tableware

YVVVVYVYYVY

Weakness:

. Part of the objections on the sales process, following weaknesses are recognized:

»  Limited resources in domestic, because of exporting to Thailand
»  Requires heavy machineries to collect
»  High cost for production fee, because of electricity frommillers
»  High cost for logistics fee due to distance and collecting centers
»  Soft government regulation
»  Local governments set legal rules each other
»  Lack of patent protection

Opportunities:

. Influenced by the external environment, such as legal, political, technological, and cultural
factors:
»  Soft governmental regulation, and political and legal rulings
»  Advanced technology and new usage for rice husk
»  Producing of new substitute
»  Growing trend and customer base

»  Unstable and unfixed tariff of market pricing

. Understandable that big rice millers hold the big volume of rice husk supply. Mobile rice millers also
have big capacity of producing rice husk, but they only supply on spotdelivery

Threats:
. Pointed below are about the production and salesprocess:
»  Price competition vs. Local brokers
»  Price competition vs. International brokers
»  Scarcity of supply
< Due to high pricing and high demand on neighboring countries
< Due to land and real estate development
. Storage and distribution by rice miller operators
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3.2.4. Complemental information

Table3-1: Membership Association of Siem Reap Province

District Remarks
1 | Siem Reap - Pouk District is considered to be the biggest producer, while Sotr
2 | Sotr Nikum Nikum District is considered to be the second biggest producer of rice
3 | Chhea Kranh in Siem Reap Province.
4 | Kralanh - Siem Reap rice miller association has added information that

Oddormeanchey Province and one district from Banteay Meanchey,
5 | Pouk named Phnom Srok Disrtrict,is also included as the member of the
6 | Svay Leau association.
7 | Angkor Chum
Table3-2: The List of non-membership districts in Siem Reap province

District Remarks
1 | Bateay Srei - They are considered not to be listed due to their small
2 | Angkor Thum capacity of rice production. And any individual wants to
3 | Varin invest for building rice mill to cater the farmers.
4 | Srei Snom
5 | Prasat Bakong

[lustrating the districts, which have their own formed association, are colored green, while the
districts, which do not have or didn’t joined the association, are marked in red. Showing the
matter for the rice husk business operation.
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Figure3-1: Mapping for membership and association

Important photos during survey

Sample of Mobile Rice Millers

In districts, which are not associated in the rice mill association, majority of farmers rely on mobile rice
millers. Surveyed that 1 basin filled with rice costs 1,000 Riels. Estimated that there are hundreds of

mobile rice millers and farmers are willing to sell their rice husk for our biomass project.
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Figure3-2: Mobile rice miller




Figure3-3: Back side of mobile rice miller

Figure3-4: Front side of mobile rice miller

Sample of Rice Husk (ash)

Rice operators are using rice husk ash as a fertilizer and their main buyers are local farmers. Selling by
1,000 Riel for a 25kg sack.
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Figure3-5: Rice husk ash

Figure3-6: Rice husk sack

Sample of rice husk being delivered to Thailand boarder

Truck weighing 12 tons of rice husk at Pouk district, ready for embarkation
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Figure3-7: Truck weighing 12 tons of rice husk

Sample of rice husk being delivered to Thailand boarder

Truck weighing 16 tons of rice husk, using pay loader at Sotr Nikum district, ready for embarkation

Figure3-8: Truck weighing 16 tons of rice husk

Biomass Gasification Power Plant

Invested by iED Cambodia, in partnership with iED France, at Klong village, Char Chhuk ommune, and
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Angkor Chu district

-—jwf’_., - b e hae 'ﬂrﬁ

Figure3-9: Signboard of iED at biomass gasification power plant

Biomass Gasification Power Plant

Ash and burning wood

Figure3-10: Biomass gasification power plant
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3.3. Biomass Power Generation System by Finetech
3.3.1. Estimation of required amount for power generation

We try to install 200kW capacity of biomass power generation system. The biomass materials are
rice husk and organic waste. Dry distillation gas is produced, by mix burning those materials in
the dry distillation gasifier. And use it for boiler fuel to produce energy.

3.3.2. Materials
1) Material: Rice Husk
Rice husk is a good efficiency fuel for burning since it has less water content. However, it is

important to secure the airflow path to burn the rice husk efficiently, because the bulk of rice husk

is too light. It is the best way to pelletizing it or mix with other solid fuel.

Table 3-3: Composition of Rice Husk

Fixed Heat Generation
Ash Volatile
Water Carbon (kJ/kg) Sulfur Chlorine
(d.b.) (d.b.)
(db.) | High Low
11.9 19.2 68.6 12.2 16,260 15,120 0.05 0.07

3d.b. ¢ dry base. HL %

2) Material: Organic Waste

Organic waste is discharged from hotel and house. Below data is from normal incineration facility
in Nagano city. However, this data is for reference purpose only because the organic waste is hard

to correct stably.

Table 3-4 : Composition of Organic Waste

Moisture Heat
Material Material Ash
& ) (eedry) Content o ) Generation
-wet g-dry o-wet
(%) (kJ/kg-wet)
1.000 0.528 47.0 5.0 7,740
3.3.3. Estimation of required material amount

We did an estimation of required material amount with a typical type of generator. We use four



type of generator for this estimation, binary generation, steam turbine generator, stirring engine

generator, and screw type steam generator by company K. These are the typical generator in Japan.
1) Condition
Below table shows the generation efficiency for each generator type. This is for reference purpose

only because the data can fluctuate depend on the condition of material.

Table 3-5 : Generation Efficiency, Machine Size and Generation Capacity

Generation Generation
Generator Type Efficiency Capacity Machine Size
(%) (kW)
dozens to
Binary Generator 3~10 several small / medium
hundreds
Stirring Engine Generator 10~20 dozens small
More than
Steam Turbine Generator 15~30 several big
hundreds
dozens to
Screw Type Steam Generator _ several small
hundreds

Below table shows the specification of each materials

Table 3-6 : Specification of Materials

Lower Heating | Moisture
Value Content
material (kJ/kg) (%)
Rice Husk 15,120 10~15
Organic Waste 7,740 45~65

2) Required material amount for each generator type



Table 3-5 to 3-7 shows that the required amount of materials in the case of single material burning
and mixing materials burning for over 200kW power generation for each generator type.
Percentage of each materials for mixing burning is fifty-fifty. The efficiency is calculated at the

end of the system and using lower number of Table 3-3.

Table 3-7 : Required material amount for Binary Generator (Efficiency 3%)

Single Burn
Mix Burn
Organic
Rice Husk (% : fifty-fifty)
Waste
Amount (ton/day) 54 105 71
Power Generation(kW) 202.0 201.1 200.8

Table 3-8 : Required material amount for Stirling Engine Generator (Efficiency 10%)

Single Burn
Mix Burn
Organic
Rice Husk (% : fifty-fifty)
Waste
Amount (ton/day) 40 78 53
Power Generation(kW) 201.3 200.9 201.6

Table 3-9 : Required material amount for Steam Turbine Generator (Efficiency 15%)

Single Burn
Mix Burn
Organic
Rice Husk (% : fifty-fifty)
Waste
Amount (ton/day) 27 52 36
Power Generation(kW) 203.8 200.9 205.4

Table 3-10 : Required material amount for Screw Type Steam Generator (Efficiency 14%)

Single Burn
Mix Burn
Organic
Rice Husk (% : fifty-fifty)
Waste
Amount (ton/day) 20 39 27
Power Generation(kW) 140.9 140.6 143.8




The most efficient system is steam turbine generator as mentioned above tables. However, this
system is normally used for the huge capacity such as mega wat level. 200kW is not impossible
but it might cost a lot for initial investment and operation cost despite of the small power

generation.

3) Operation Condition

Operation condition for the system are as below.

(D  Daily 24h and annually 300days operation. Alternately use the two dry distillation
gasifier system. (8h per one system x 3 batches)

(2  Switching of dry distillation gasifier must be done at non-fluctuate moment of gas
emission. (stabilization of steam amount)

(3  Fuel for rising temperature, incinerate temperature down, circulating water, and labor
cost needs to be considered separately.

@ Organic waste must be similar variety each time.

(®  Water source must be secured for each generator.

3.3.4. Power Generation Experiment with expected waste
We had a power generation experiment with expected waste. Experiment was divided into two
parts with binary generator and stirring engine generator. We expect the type of waste and
corrected it in Japan. This experiment has also a purpose of effectiveness evaluation of

carbonizing machine.
We used a semi-carbonizing machine to evaluate the increase of burning efficiency. It is expected
that the burning efficiency can be improved by increase the energy density of material by semi-

carbonizing it. Energy density can be increased to 120% to 140%, but depend on the materials.

Below photo is a mobile semi-carbonizing machine.



Figure 3-11 : Mobile Semi-Carbonizing Machine

Below figure is a structure of this system.

Heat Steam
Cool water

[euale
[eLIS)BW PAZIUOGIRD-IWaS

|
Support drying Keep oxygen-free ' 5401 water
Heater with steam from atmosphere |

semi-carbonize
Figure 3-12 : Semi-carbonized machine structure

Semi-carbonizing has several superiorities compare to conventional dry or carbonized method as

below.

Reduce the volume and weight without losing material energy
Easy for transportation by reducing volume and weight

Reduce the fuel cost by shorten the processing time

Poccihle ta ctore in ontcide hecance the <emi-carhaonized material hac  hetter



hydrophobicity

Below photo is a pelletizer machine and produced pellet made of the organic waste and rice husk.

Pellet from organic s
waste and rice husk

’

Pelletize Machine

Figure 3-13 : Pelletize of organic waste and rice husk

Mobile Semi-Carbonizing Machine has below advantages.

® [t is safety even in the case of gas leaking because it is using just a heat steam for drying
and heating of material. Also, is has a sterilization function with 200°C temperature
® |t is possible to carry this machine to the material site in the case of the material cannot

bring out to outside of the facility

There are several disadvantages of this machine which should be considered carefully with other

equipment.

® Incineration without semi-carbonizing is less operation cost in the case of huge material
consumption (over 10 ton/h) or high temperature combustion (over 1,000°C) facility.

® Semi-carbonization machine itself doesn’t have a function for palletization. It is required
to prepare palletization machine with this machine.

® The moisture content of material going to nearly 0% by semi-carbonizing it. However, it

requires water about 10% to pelletize it. (wasting carbonizing energy)

335 Poawer (Generation Fxneriment with drv dictiller oacifier + hinarv oeneration



1) Experiment method and system

Generate the power from the dry distiller gasifier by following material producing method.

Crushing
and cutting
other waste
Drying Dry Distiller Hot Water
organic *| Pelletizing Gasifier Boiller
waste Incinerator
Binary
Generator
Max. 20kW

Figure 3-14 : Experiment method

Below figure shows that the system of dry distiller gasifier and binary generator

Input Material Hot Water (Low Temperature)

Hot
Water
Drv Distill Boiler . %n
istiller D inar
réasifier Dist'i’ls;er ' Heat Gas Genera)':or .‘g :
3.0m Gas 0K 5
- incinerator <

Figure 3-15 : System Structure of dry distiller gasifier and binary generator



a ) Panoramic View b ) Incinerator

e ) Binary Generator

d ) Window of Incinerator

Figure 3-16 : Dry Distiller Gasifier and Binary Generator

This system is suitable for mixing many variety of materials. However, if the moisture level is
high in its material, it produces less energy. Thus, we used a semi-carbonized and pelletized
material by using semi-carbonizing machine by company FTC.

The organic waste components in that case is as below.

Table 3-11 : Waste from Kitchen

Name Vegetable-1 | Vegetable-2 | Fruits Vegetable-3 | Meats
Weight Ratio
18 18 10 10 8

(%)

Weight (g) 3,600 3,600 2,000 2,000 1,600
Kitchen

Name Fish Egg Crops Oils
Garbage




Weight Ratio Certain
10 2 20 4
(%) amount
Certain
Weight (g) 2,000 400 4,000 800
amount

% Total Weight Ratio : 100%, Total Weight : 20,000g

The contents of material that we input into the dry distiller gasifier are states as below table.

Table 3-12: Contents of materials

Input Weight

Input

Name Weight Ratio
Order

(kg) (Wt%)

11 Food Waste / Wood Pellet 45.0 7.6
10 Natural Rubber Board, EPT Rubber Board 17.6 3.0
9 Cardboard Box 9.5 1.6
8 RFP 54.7 9.2
7 Industrial Waste 58.7 9.8
6 Cardboard Box 18.5 3.1
5 Food Waste / Wood Pellet 73.0 12.2
4 Natural Rubber Board, EPT Rubber Board 51.8 8.7
3 RFP 182.0 30.5
2 Industrial Waste 20.3 34
1 Cardboard Box 45.0 7.6
——— | Wood Pallet, Newspaper (For ignition) 20.0 34
Total 596.1 100.0

Material photos are as below.




Figure 3-17 :

09

Figure 3-19 : RFP



Figure 3-20 : Industrial Waste

Figure 3-22 : Wood Pallet, Newspaper (For ignition)

2) Product from each organic waste

Organic waste such as food waste consists a lot of moisture inside, and the mixed products has a
viscosity. The high moisture ratio and high viscosity of material decreased the efficiency of semi-
carbonized process. High moisture content required much heat for drying, and high viscosity is
disadvantage for transporting, and it is bad heat transfer coefficient for heating source such as
heater or heating steam.



® Materials are 80% consisted by waster, and productive ratio compare to input amount is
small

® Heating level is same as normal semi-carbonize machine, and it can be used as fuel

® Size of organic waste is varying. Moisture content and condition after the process are

varying as well.

3) Experiment Result

@  Ignitability
Material Ignite Time: 10:40am
Self-ignition Start Time: 11:44am
Duration until self-ignition: 64min

The material in this experiment has good ignitability

2  Condition of self-ignition
Self-sustained combustion: 3h 22min.
Combustion Temperature: Keep 1,000°C
Combustion Gas Amount: Average 1,009Nm’/h

Figure 3-23 : Temperature Control Meter



(3 Heat Recovery

Power generation during the self-combustion was 12.8kWh.

@  Condition of ash

Calcification over all. Ignition loss was good number (4.0wt%) measured by electric furnace.

Table 3-13: Condition of Ash

Ash Weight 52.6 kg
Ash Volume 0.19 m’
Residue Rate (weight) 8.8 wt%
Residue Rate (volume) 6.4 vol%

Figure 3-24 : Ash

(®  Exhaust Gas Components
Concentration of SO, and HCI which can be a reason of corrosive gas were low level. The

average during the self-combustion measured at chimney are shown at below table.

Table 3-14: Emission Gas Components

HCl1 NO SO,
CO Concentration
Concentration Concentration Concentration
(ppm)
(ppm) (ppm) (ppm)
2 5 203 18




© Conclusion
Generation Output: Max.10kW (Average 3.3kW)
Total Generation: 26.8kWh (Self-combustion 12.8kWh)

Generation Efficiency: About 1.4% (estimate)

® Normally, generation efficiency is high when the system size is large and material is
single. In the reference in Europe, 13% by boiler and organic ranking cycle. In this
experiment, the small quantity and many variety of materials is not efficient. Binary
generation cannot be expected to increase the efficiency increase.

® Some of the material in this experiment was high calorie and big difference of size and
calorie by each material, and caused unstable operation control. Thus, the amount of gas

was higher than planned, and not good efficiency.

3.3.6. Power Generation Experiment with Dry Distiller Gasifier and Stirring Engine
Generator
1) Experiment method and system

Generate the power from dry distiller gas as below.

Crushing and
cutting other

waste
Mix of organic Stirring drying of Dry Distiller
waste and rice +| organic waste > Pelletizing Gasifier 1.5m
husk and rice husk Combustion
Furnace

¥

Stirring Engine
Generator Max.
5kW

Figure 3-25 : Experiment Method

Below figure states that the equipment system with dry distiller gasifier and stirring engine

generator.



Input Material

Hot
Water  m—p Water
Dry . . .
Distiller Dry Stirring Engine -
Gasifier Distiller Generator 5kW Electricity

Gas Heat gas

1.6m Combustion
- Furnace -

Figure 3-26: System Structure of Dry Distiller Gasifier and Stirring Engine Generator

a ) Panoramic View b ) Panoramic View (Above) ¢ ) Controlling Box

d ) Stirring Engine Generator Controlling Panel e ) Dry Distiller Gasifier Temperature
Measure

Figure 3-27 : Dry Distiller Gasifier and Stirring Engine Generator

Available food waste, rice husk, and wood pellet is used to make a mix material as a fuel of power
generation experiment. Mixing amount for each are 25kg of organic waste, 37.5kg of rice husk,

and 9kg of wood pellet. The components and photo of each materials are as showed in below.



Table 3-15: Food Waste Components and weight

Name Crops Noodle Meat Fish Bean
Weight

percentage 70 3 6 3 5
(%)

Weight (g) 7,000 300 600 300 500
Name Vegetable Egg Fruit Sea Weeds Oil
Weight

percentage 5 1 2 4 1

(%)

Weight (g) 500 100 200 400 100

2% Total Weight Percentage 100%, Total weight 10,000g

Figure 3-28

: Food Waste

The materials that inputted into the dry distiller gasifier for power generation area as below.

Table 3-16: Inputted Materials

Input Weight
Input
Name Weight Ratio
Order
(kg) (Wt%)

6 RPF 90.0 30.0

5 Food Waste / Wood Pellet 71.5 23.8

4 Natural Rubber Board 18.0 6.0




3 EPT Rubber Board 14.0 4.7

2 Industrial Waste 12.0 4.0

1 Food Waste / Wood Pellet 92.5 30.8
——— | Newspaper (for ignition) 2.0 0.7
Total 300.0 100.0




Figure 3-31: Natural Rubber Board

Figure 3-32 : EPT Rubber Board, Industrial Waste

2) Product from each organic waste
By mixing the rice husk uniformly into mixed materials, the materials can control the moisture
and restrain the high viscosity. It has a better efficiency than the material of experiment with dry

distiller gasifier and binary generation.

Stable product by restraining the moisture and viscosity
Heating level is same as normal semi-carbonize machine, and it can be used as fuel
Rice husk has much ash, and it is not changed after the process. Total calorie is lower than

normal fuel.

3) Experiment Result
(D  Material Amount
Total Weight: 300kg
Input Volume: 0.666 m’
Bulk Specific Gravity: 0.450 t/m’
(2 Operation duration, power generation amount

Operation duration and power generation amount are shown as below table.

Table3-17: Operation duration, power generation amount, fuel amount

Self-
Warming up | System start Incineration | Cooling
combustion




1.1hr 0.6hr 7.2hr 2.0hr 2.6hr
Duration only burner Ignition to self- 21:00 Forced
combustion Outage
SE
generation  |0.4kWh 2.3kWh 24.3kWh 6.4kWh 0.4kWh
amount

(1  Exhaust Gas Constitute

Below table shows that the average concentration of exhaust gas during the self-combustion.

Table 3-18: Average Concentration of Exhaust Gas During the Self-combustion

NO SO, CcO
) ) ) (CO, (N2
instantaneous | instantaneous | instantaneous | O,

conjecture) conjecture)
magnitude magnitude magnitude
128 ppm 0 ppm 20 ppm 7 vol% 13.95 vol% 79.05 vol%

(2 Combustion Condition
Combustion Temperature (Stirring Engine Entrance Temperature): 795°C (Average during the
self-combustion)
Stirring Engine Exit Temperature: 636°C (Average during the self-combustion)
Exhaust Gas Amount (at chimney ejector) : 284~245Nm’/h, average 264.5Nm’/h

3  Conjecture of Gas Calorie
Gas specific heat is set as below based on exhaust gas constitution.

Gas Specific Heat : at 800°C : 0.3875kcal/Nm”® + °C

Engine Entrance Gas Calorie
= Temperature 795°C x Gas Amount 265.4Nm’/h x Gas Specific Heat 0.3875kcal/Nm® + °C
= 81°759.8kcal/h = 95.1kW

@ Engine Cooling Water

Circulation Water: 30L/min.



Temperature Engine Entrance: 14.2°C
Engine Exit: 19.4°C
AT:5.2C

(B Condition of Ash Residue

Condition of ash residue is described as below.

Table 3-19: Condition of Ash Residue

Weight of Decrease

47.0kg 84.3wt%
ash residue percentage
Volume of Decrease

0.145m’ 78.2vol%
ash residue percentage

© Conclusion
Generation Output: During Self-Combustion Max. 5.010kW (Average 4.740kW)
Total Generation: 43.2kWh (Self-combustion 34.3kWh)

Generation Efficiency: About 4.3% (estimate)

®  There is a possibility of power generation using exhaust gas. Because the generator
input heat gas temperature was 800°C, and temperature after the replacement of
generator was 640°C. It is possible to improve the total efficiency by connecting same
type of generator on the back side and use exhaust gas.

®  The capacity size of this system “Dry Distiller Gasifier + Stirring Engine Generation”
is still small since it’s under development process. It is expected to improve the

efficiency by enlarge the capacity size in the future.
3.3.7. Comparison of dry distiller gasifier system
The capacity of 200kW of power generation is needed in this project. Single power generation

capacity for each generator is as below.

Table 3-20: Single Capacity of Each Generator

Generator Type Generation




Capacity
Binary ~200kW
Stirring Engine ~50kW
Steam Turbine 100kW~
Screw Steam™' 132kW. 160kW

%1 Catalog of Screw Steam Generator by Company-K

1) Binary Generator
Only one system can produce 200kW, however, it requires the largest amount of materials
compare to other system. Initial cost is the lowest compare to other, and installing land size can

be small.

2) Stirring Engine Generator
In Japan, under 10kW is treated as a normal electrical handicraft since 2014, lots of products are
sold and it doesn’t need any notification or appointing chief engineer. But, if the total capacity

requires 200kW, it is unreal to install 20 system of 10kW (9.9kW) generator.

3) Steam Turbine Generator

It is possible to produce over 100kW by single system. This is the highest efficiency system
compare to other system. Initial cost is the highest and installation land is large. However,
installing only one steam turbine generator is much less expensive rather than installing several

stirring engine generators.

4) Screw Steam Generator
This is a system manufactured by only company-K. They have a reference plant of generation
combination with their binary generator on proposal leaflet “Direct Combustion Type High

Efficiency Small Size Biomass System”.

3.3.8. Selection of generation System
Based on this study, we select Screw Steam Generator because it is well distributed and save
much space. And we selected Dry Distiller Gasifier and Steam Boiler for producing steam system.

We choose a hybrid generation type with binary power generator from a reference of company-
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Figure 3-33: Generator Hybrid System
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It is possible to reduce the non-generation time by running only binary power generation by

bypassing screw steam generator in the case that it cannot sustain the steam amount or pressure

into screw steam generator because of the lack of materials or heating level from materials. (It is

no problem if the components or amount of material is stable)

3.3.9.

Generation System

System structure of total equipment in this project is described as below figure. Dry distiller

gasifier is batch type, thus single operation assumes that 8hours cycle of “Warming Up —

Combustion — Cooling”. We use two dry distiller gasifiers by replacing each other since it is a

24hour operation.
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Figure 3-34 : Generation System and Material Stockyard

1) Consumption of Fossil Fuel

This system uses kerosene as a fossil fuel to use the burner to ignite the material in dry distiller

gasifier. Usage amount is 184L/day. This is a case of using two dry distiller gasifier system by

switching each other in three batches per day.

We did incineration in the experiment. However, we assumed that it does not do the incineration

in the actual project but take a carbon residue and use it for soil improvement material for farm

in surrounding area. This carbon residue is made from rice husk that contains the silicon which is

useful for growing the plant.



2) Sellable Electricity
The electricity produced in this plant is partly consumed in this machine, and rest is sold to

surrounding residence or facilities. Below calculation is a simulation for selling electricity.

Electricity Generation: 139kW (Screw Power Generator) + 97kW (Binary Power Generator) =
236kW

Electricity Consumption: 100kW (Generation Equipment) + 20kW (Stockyard) = 120kW
Selling Electricity: 236kW — 120kW = 116kW

3) Initial Cost

Engineering fee, machine and other material cost are totally assumed as below.

Materials : $4.0 million
(including machine, pipe, cable, utility, engineering fee)

Construction : $1.0 million

Total : $5.0 million

Above cost might have a possibility for reconsideration in the case of procuring some part of
material in local to reduce the cost or improve the CO2 reduction efficiency. Labor for operating
this system requires 3 people x 3 shift = 9 people totally. However, we need a further research

about the labor cost and lighting or fuel expenses.

3.10. Organizing MRV methodology for biomass power generation
Decided to implement survey at eco village as a candidate site of biomass power generation,
however we could not make as a result, as follow:
@A) Fundraising
(i1) Specifying off takers and Anticipating the amount of electricity consumption
(iii) Procurement rout for organic waste and ensuring to get stable amount of rice
husk
(iv) Procurement route for rice husk and ensuring to get stable amount of rice husk
(V) Detailed estimation for EPC cost

Thus, MRV methodology and PDD for this survey are based on hypothesis. The results are shown

ac follow:



3.10.1 MRY methodology for biomass power generation

A. Title of the methodology

Biomass Power Generation using Organic Wastes

B. Terms and definitions

Terms Definition

Biomass power generation Taking organic resources derived from organisms such as
cereals and waste food as a source/fuel (biomass), and
directly combusting it, or gasifying it and then combusting
it, to turn a rotating body using the vapor or gas produced,

in order to generate electricity.

Dry distillation (carbonization) | Pyrolytic equipment (dry distillation) to heat (in an absence
gasification furnace of oxygen) husks and organic wastes in a furnace so that
they burn (spontaneous combustion). As a result of
pyrolysis, water, carbon dioxide and flammable gas are

produced, with carbon and carbonates left over as residue.

Compact screw-type steam | This generator is driven by torque provided by steam which
generator expands as it passes through a screw from the air inlet to the
exhaust. Its power generating efficiency is high because,
unlike the conventional steam turbines, there is no need to
inject steam at high speed from a nozzle, and thus there is

minimal losses such as pressure loss etc.

Binary generator Using the thermal energy (heat source) of steam or hot
water at a relatively low temperature (around 100°C), this
equipment generates electricity from a turbine propelled by

a medium with a low boiling point.




C. Summary of the methodology

Items Summary

GHG emission reduction | While the hydroponic farming and nearby residents would rely
measures on the micro-grid power supplied by a diesel-fueled power
generation system if the present biomass power generation
system is not introduced, GHG emission is reduced by partly
displacing the power generated by the diesel-fueled system with
the power delivered at the transmission point from the present

biomass system.

In order to measure GHG emission reduction according to the
MRYV methodology, the total amount of electricity delivered by
the biomass power generation system is monitored at the
transmission point after deducting the in-house consumption.
All other monitoring items will be the default values in

principle.

However, the present MRV does not prevent from reviewing
these default values when found reasonable, taking into
consideration the impact on the overall reduction while
upholding the conservative principle as well as the robustness

to withstand the evaluation by third party entity.

Calculation of reference | Reference emission is the CO2 emission from the electricity
emissions generated by the diesel-fueled power generation system, which
is equivalent to the electricity delivered to the micro-grid at the

transmission point by the biomass power generation system.

Calculation  of  project | (1) GHG emissions in exhaust gas from dry distillation
emissions gasification power generation (biomass power generation)
using husks and organic wastes

(2) GHG emissions from kerosene used in dry distillation

gasification furnace




(3) GHG emissions from trucks carrying husks and organic

wastes
Monitoring parameters Monitoring parameters and measuring frequencies
Parameter Measuring Explanation
frequency
Amount of electricity | Hourly/Daily | Net power
delivered to the generation  after
micro-grid at the deducting in-
transmission point by house power
the biomass power consumption
generation system
Volume of husks | Daily Measured at
delivered intake hopper
Volume of organic | Daily Measured at
wastes delivered intake hopper
Volume of husks | Attime of each | Weighed at truck
transported delivery scale
Volume of organic | Attime of each | Weighed at truck
waste transported delivery scale
Amount of kerosene | Attime of each | Based on purchase
consumed purchase slip

D. Eligibility criteria

This methodology is applicable to projects that satisfy all of the following criteria.

Criterion 1 Husks from rice mills (50%) and organic waste from urban areas (50%) is fed
into gasifying furnace as feed stock, and a boiler is introduced, which uses

the gas generated from such gasifying furnace.

Criterion 2 A biomass power generation system is introduced equipped with a compact

steam generator which uses the steam generated by the boiler and a binary




generator which uses the exhaust heat (exhaust steam) from the compact

steam generator.

Criterion 3 The electricity supplied to hydroponic farming and residents in unelectrified

area by an existing diesel-fueled power generation system is partly displaced.

Criterion 4 Biomass power generation system takes into consideration air pollution
caused by exhaust gas from the boiler by using a dust collector. Also, the
system takes into account the necessary environmental consideration, such as

emissions to other environmental media.

Criterion 5 It is confirmed that there are no GHG emissions from storing, operating and

disposing the gasifier’s feed stock.

E. Emission Sources and GHG types

Reference emissions

Emission sources GHG types

Power generated by diesel-fueled power generation system CO,

Project emissions

Emission sources GHG types
Kerosene for heating gasifying furnace CO;

GHG in the exhausting gas from the combustion of the boiler CO2, CH4, N20
Trucks carrying waste (husks and organic wastes) CO;

F. Establishment and calculation of reference emissions

F.1. Establishment of reference emissions

In this MRV’s project, the electricity delivered from the biomass power generation system
partly displaces that is supplied by the diesel-fueled power generation system in the existing
micro-grid, and thus reference emission is from the electricity generated by the diesel-fueled

power generation system to the extent displaced by the biomass power generation system.

The total amount of electricity delivered by the biomass power generation system is monitored




at the transmission point.

Note that in this methodology, it is assumed that there is no methane emission from the organic
waste treatment prior to the launch of the project. Therefore, methane emission is not included

in the reference emission.

F.2. Calculation of reference emissions

ACMO0022 is considered to be the closest to the CDM methodology relevant to this project.
(P.26, 5.3.3.1. Procedure (C.1): Separate generation of electricity and heat)

According to ACMO0022, four baseline sources are considered, but the methodology in this
project allows the assumption that there is no methane gas emissions from organic wastes prior
to the launch of the project — therefore, of the four baseline sources in ACMO002, only REE ,p
is calculated.

Consequently, in calculating reference emissions, Procedure C.1 of ACM0022 (equation 14 of
item 57 of methodology) is referred to, and the following equation is used for calculation.
REEN,p=REEC,p+ REHG,p

Where,

REEN,p Reference emission (tCO2) accompanying energy consumption during period p.
REEC,p Reference emission (tCO2) accompanying electricity consumption during period p.
REHG,p Reference emission (tCO2) accompanying heat consumption during period p..
Furthermore, this project only considers power supply and consumption (heat supply and
consumption are not considered).

Therefore, the REEC,p item is calculated as follows.

RE, = REgc, = EGper X EF el
RE, Reference emission during the period p (tCOy/p)
EGprL The total quantity of the electricity delivered in the project (MWh/p)
during the period p

EF el CO2 emission factor of the fuel used in the diesel-fueled power (tCO,/MWh)




generation system, which supplies power prior to the launch of

the project

G. Calculation of project emissions

In the calculation of project emission of this project, the CDM methodology (applying the

syngas burning case in ACM0022, and referring to items 85 through to 88 [equations 22 and
23] in the methodology) is used.
Consequently, calculations for project emissions are as follows.

PE, = PEgc;,+ PEcom cozp + PEcom chanzop + 2 PErgp j

Where

PE, : Emissions accompanying project activity during the period p

PErc, : Emissions accompanying kerosene burned for gasifying furnace during the period
p (tCO2/p)

PEcom cozp : Emissions of CO2 in boiler exhaust gas during the period p (tCO2/p)
PEcom craN20p : Emissions of CH4 and N2O in boiler exhaust gas during the period p
(tCO2/p)

PErrpj : Emissions accompanying transport of wastes during the period p (tCO2/p)

j : Waste type 1: Husks, 2: organic wastes

PEpc, = FCpxNCVpx EFCO2,p

FCp : Fossil fuel (kerosene) consumption during the period p [GJ/t]

NCVp : Fossil fuel (kerosene) calorific value during the period p [GJ/t]

EFCO2,p : CO2 emission factor for fossil fuel (kerosene) during the period p [tCO2/TJ]

PEcom cozp= EFFcomp X X £Qjp X FCCjp x FFC

EFFCOM,p : Combustion efficiency of gasifying furnace during the period p ( =
100%)

Qj.p : Weight [t] of waste j delivered during period p

FCCj,p  : Fraction of total carbon content [tC/t] in waste j delivered during period p

FFCj,p : Fraction of fossil carbon in total carbon content [%] of waste type j delivered




during the period p

PEcom cranzop = Q2,p X (PEcom cnanzop X GWPN20 + EFCH4 x GWPCH4)

Q2,p : Weight of waste delivered during period p (Case j = 2 only)

EFN20O : Emission factor of N20O from combustion of delivered waste (tN20O/t waste)
GWPN20 : Global warming potential for N20O

EFCH4 : Emission factor of CH4 from combustion of delivered waste (tCH4/t waste)
GWPCHA4 : Global warming potential for CH4

M.
PErrp; = % (ﬁ X AVDj,p X EFtr,coz)

Mj,p : Amount of transported waste j during the period p

TLj,p : Average truckload amount of waste j during period p (ton/truck)

AVDj,p : Average transportation distance of waste j by truck from its emission sources to
the project site (km/truck)

(20km/truck; default value)

EFtr,CO2 : CO2 emission factor for trucks (tCO2/km)

H. Calculation of emissions reductions

The emission reductions are the differences between reference emissions and project

emissions, which are calculated by below formula.

ER, = RE, - PE,

ER, Emission reduction during the period p

I. Data and parameters fixed ex ante

The source of each data and parameter fixed ex ante is listed as below.

Parameter Description of data Source




EFtuel CO2 emission factor of the fuel used in the | IPCC default value
diesel-fueled power generation system,
which supplies power prior to the launch of
the project
NCVp Fossil fuel (kerosene) calorific value during | IPCC default value
the period
EFCO2,p CO2 emission factor for fossil fuel | IPCC default value
(kerosene) during the period p
EFFCOM,p Combustion efficiency of gasifying furnace | IPCC2006 guideline
during the period p (= 100%) CDM methodology
ACMO0022
FCCj,p Fraction of total carbon content in waste j | [IPCC2006 guideline
delivered during period p [tC/t] CDM methodology
ACMO0022
FFCj,p Fraction of fossil carbon in total carbon | IPCC2006 guideline
content of waste j delivered during the | CDM methodology
period p [%] ACMO0022
Global 298 tCO2/tN20 IPCC2006 guideline
warming CDM methodology
potential  for ACMO0022
N20
(GWPN20)
EFN20 Emission factor of N2O from combustion of | [PCC2006 guideline
delivered waste (tN20/t waste) CDM methodology
Assumed to be zero as a default value for the | ACM0022
simplifying purpose (the actual value is
significantly small)
Global 25 tCO2/tCH4 IPCC2006 guideline
warming CDM methodology
potential  for ACMO0022
methane

(GWPCH4)




EFCHA4 Emission factor of CH4 from combustion of | [PCC2006 guideline
delivered waste (tCH4/t waste) CDM methodology
Assumed to be zero as a default value for the | ACM0022

simplifying purpose (the actual value is

significantly small)

Distance of | Average transportation distance of waste j by | Default value set by the

transporting truck from its emission sources to the project | project
waste j | site (km/truck)
(AVD,j,p)

Additional distance of the project ex post

CO2 emission | CO2 emission factor for trucks (t-CO2/km) | IPCC default value
factor for

trucks

(EFtr,CO2)

3.10.2.  Project Design Document Form

A. Project description

A.1. Title of the JCM project

Low carbon biomass power generation project using urban organic solid waste and rice husks

to contribute to the reductions of urban solid waste and CO2

A.2. General description of project and applied technologies and/or measures

The purposes of the proposed JCM project are to generate electricity by gasifying biomass which
consists of rice husks and urban solid waste generated and brought from nearby urban areas to
supply for the targeted electricity consumers.

The key technologies are the dry distillation gas furnace, the distilled gas combustion boiler,
small scale steam-electric generator driven by the saturated steam from the combustion boiler
and the binary generator of which heat source is exhaust-steam of the steam-electric generator.

The generated electricity from above-stated system is to be mainly consumed at the

hydroponical farming system and displaces the electricity supplied by the existing diesel-fueled

generating system. The surplus electricity is distributed to the neighboring households to




substitute a part of their electricity consumption normally depending on the diesel-fueled
generating system.
The proposed JCM project will utilize the rice husk brought from the rice mills and the organic

wastes collected from nearby urban areas.

A.3. Location of project, including coordinates

Country Cambodia

Region/State/Province etc.: Siem Reap Province

City/Town/Community etc: N/A

Latitude, longitude North Latitude: 13°21° 44”
East Longitude: 103°51° 35”

A.4. Name of project participants

The Republic of
Kingdom of Cambodia

Japan Japan Development Institute Ltd., (JDI)
Asian Gateway Corporation (AG)
Finetech Co. Ltd.

A.5. Duration

Starting date of project operation

Expected operational lifetime of project

A.6. Contribution from Japan

The biomass power generating system from waste which has been developed by the Japanese
project participants; JDI, AG and Fintech Co. Ltd. is introduced in the proposed project.
The Japanese project participants transfer the operational technology through training to the

Cambodian project participants.

The Japanese side provides financial support to the project.




B. Application of an approved methodology(ies)

B.1. Selection of methodology(ies)

Selected approved methodology No.

Version number

Selected approved methodology No. N/A
Version number N/A
Selected approved methodology No. N/A
Version number N/A

B.2. Explanation of how the project meets eligibility criteria of the approved methodology

Eligibility

criteria

Descriptions  specified in the

methodology

Project information

Criterion 1

Husks from rice mills (50%) and
organic waste from urban areas
(50%) is fed into gasifying furnace
as feed stock, and a boiler is
introduced, which uses the gas
generated from such gasifying

furnace.

The project installs new gasification
furnace and generated gas combustion
boiler.

Materials fed to the furnace is confirmed
as rice husks and urban solid waste only
and the scheme of pre-confirmation for
the predefined ratio of supplied materials

1s well established.

Criterion 2

A biomass power generation system
is introduced equipped with a
compact steam generator which
uses the steam generated by the
boiler and a binary generator which
uses the exhaust heat (exhaust
steam) from the compact steam

generator.

The design document is confirmed that
the system of the project consists of
gasification furnace, gas-fueled boiler,
steam-electric

generator and binary

generator.

Criterion 3

The electricity  supplied to
hydroponic farming and residents in
unelectrified area by an existing

diesel-fueled power generation

One electricity meter is installed to
measure the delivered electricity which is
net supply from steam-electric generator

and binary generator, not including in-




system is partly displaced.

house consumption.

Criterion 4

Biomass power generation system
takes into  consideration  air
pollution caused by exhaust gas
from the boiler by using a dust
collector. Also, the system takes
into account the necessary
environmental consideration, such
as emissions to other environmental

media.

It is confirmed that the measures for
prevention of pollutant emissions such as

cyclone is installed.

Criterion 5

It is confirmed that there are no
GHG emissions from storing,
operating and disposing the

gasifier’s feed stock.

It is confirmed that there is no GHG
emission through the process of storing,
managing and treatment of materials

involved in the system.

C. Calculation of emission reductions

C.1. All emission sources and their associated greenhouse gases relevant to the JCM project

Reference emissions

Emission sources GHG type
Power generated by diesel-fueled power generation system CO,

Project emissions

Emission sources GHG type
Kerosene for heating gasifying furnace CO;

GHG in the exhausting gas from the combustion of the boiler CO2, CH4, N20
Trucks carrying waste (husks and organic wastes) CO;

C.2. Figure of all emission sources and monitoring points relevant to the JCM project




Figure of all emission sources and monitoring points

=) Distilled gas
=) Combusted gas Water Waste Heat
=) [ow press. steam l J
High . VAN
: V\;gt efress steam Economizer |mp| Cyclone ‘(\B/'J
= Air -
==) Kerosene Hot Waterl [\ Cooling tower
M3 A M1 (236kw - 100kw) | |
erosene | \
Material i 139w 97kwﬁ ‘ [ \ .
Feeding ) Steam-electric Binary /ﬁ\,‘
E Gasification ws)| Boiler mm)| Generator Generator AN
furnace 160kW 125kW
ﬁ Hot Water \ /N\A .
) ‘5\ /& 1 Air
M : Monitoring Point | Air pre-heater — -
M1: Electricity delivered to consumers —
.
M2: Amount of kerosene consumed Cemelareaiz /P )y
M3: Weight of Materials (Rice husk, Organic waiste) Water Tank o Water
C.3. Estimated emissions reductions in each year
Year Estimated Reference | Estimated Project | Estimated Emission
emissions (tCO,.) Emissions (tCOy.) Reductions (tCO,)
2018 551 211 340
2019 551 211 340
2020 551 211 340
Total 1,653 633 1,020
(tCOy)

D. Environmental impact assessment

Legal requirement of environmental impact assessment for

the proposed project

Yes

E. Local stakeholder consultation

E.1. Solicitation of comments from local stakeholders

Local stakeholder consultation is to be concluded.




E.2. Summary of comments received and their consideration

Stakeholders Comment received Consideration of comments received
Siem Reap | Urgent for optimizing urban waste | Implement survey in a C2CC
provincial disposal collaboration to realize the low carbon
government city, FY2017

Effective practical use for rice husk, | Same as above

which is brought out for outside of the

province, in  biomass  power

generation

In a consistent of clean city project, | Same as above

eager to implement the control for

urban waste and the awareness change

for waste separation
APSARA Biomass power generation is | Candidate sight for biomass power
authority supposed to contribute for the | generation, where APSARA gives

development of eco village, however
countermeasure for smell and sound

should be done

permission to use, is near from central
of village, thus re-considering to
move for distant sight. Possible to
move to other candidate sights , then
continue survey for the eligibility of

new sight.

Local partners

Purchase price for rice husk is
increased by broker. Movement from
provincial government to develop the

ordinance is needed.

Implement survey in a C2CC
collaboration to realize the low carbon

city, FY2017.

3.11. Economical effect

3.11.1.

Effect by installing biomass power generation

In Siem Reap province, 2 biomass power generations exist already, however they are small scale

and no contribution for linking to urban waste transaction, and local production and local




consumption of rice husk. Thus planning to promote economic effect and change the awareness
of local residence.

6)] Improving effect for energy local production and local consumption

(i1) Improving citizen consciousness for clean city and economical effect

(iii) Improving the value as a tourism city by promoting clean city

(iv) Improving the less usage of fossil fuels for diesel power generation used in a

countryside of Siem Reap city
v) Improving the amount of CO2 emission control
(vi) Improving the quality of life and industrial promotion by using biomass power

generation in no electricity area

3.11.2. Economical effect for other

Considering the economic effect for other, these are needed as follow, simulation for system
operation, examination of system price, and organizing every connected person. Through this
survey, ended to summarize the points as follow:
(1) Simulation for system operation
Estimation for operational effects are as follow:
a. Setting a risk of stable securement for rice husk
b. Setting a rate of purchasing price for rice husk
c. Setting a rate of transportation for rice husk
d. Progress of minimum wage method
e. Clarify a condition of rate for land lease fee
(i1) Investigate the price for system
a. Designation of local EPC trader
b. Designation of local C&M trader
c. Investigating the price to sell electricity for EDC
(iii) Forecast for investment recovery

Surveyed in next fiscal year.



4. Significance and Action Policy of City to City Cooperation Between Kanagawa
Prefecture and Siem Reap Province

4.1. Purpose of City to City Cooperation

4.1.1. Purpose

To cooperate for the development of both the prefecture and province through low-carbon tourism

city development while deepening mutual understanding and friendship

4.1.2. Terms of the agreement
*  Siem Reap Province: Utilization of renewable energy and introduction of energy-
saving equipment
*  Kanagawa Prefecture: Advices on promotion of low-carbon tourism city, especially
for promoting utilization of renewable energy such as PVs, improvement of efficiency
in energy-consumption, and promotion of EVs.
*  Assistance to economic cooperation among private companies of both countries

(Source: http://www.pref.kanagawa.jp/prs/p975449.html)

4.2. Capacity Building

4.2.1. Invitation to Japan

2 persons of Siem Reap Province were invited to Kanagawa Prefecture from 16™ -22™ October
2016. They learned related institutions of the Prefecture in order to apply it in Cambodia in the
future. During this training program, they exchanged opinions with the Industry and Energy

department, the Industry and Labor Bureau of Kanagawa Prefecture and went to inspection.

4.2.2. Workshop in Cambodia

Several seminars were organized for the related organizations (Siem Reap Provincial Government,
Siem Reap City Government, APSARA authority) in order to introduce policies and institutions
of Kanagawa Prefecture. The kick-off seminar with 50 participants was held in 20" May. After

that, meetings were held every month and the final seminar was in 17" February.

4.2.3. Presentation at High Level Seminar on Environmentally Sustainable Cities in
Kitakyushu, Japan
The study team made a presentation in order to disseminate the activities of this project at High

T evel Seminar an Environmentally Sugtainahle Cities in Kitakvinchn Tanan from 201 and 21



October 2016.

We introduced our projects and discussed the significance of C2CC for a low-carbon society.

(Appendix number is )

4.3. Action Policy in Future
Based on the MOU between Kanagawa prefecture and Siem Reap province, the action policy
includes the following activities.
1)  Support to instruct prevalence of community solar PV on rental rooftops
A community development for a low-carbon city as a whole
Capacity building for implementing and managing the community
Invitation of Siem Reap Provincial staff to Kanagawa prefecture and practical training

on policy development and administrative guidance

2)  Support to promote tourism city transport
Introduction of EV vehicles for tourism activation which is conducted in Hakone
town, Kanagawa
* Inspection and promotion of EV mobility and system such as EV taxi, EV bike, EV
rental, and EV sharing
3) Disposal system of urban waste
Introduction of systematic disposal
4)  Assistance to Formulation of the Master Plan of Siem Reap City

For the above two sectors, Kanagawa prefecture is to advise based on the present

situation of the master plan.

Project finding for the formulation of the master plan.



5. Policy Proposals

There are mainly four living areas in Siem Reap province: the urban area including the Siem Reap
city, the World Heritage area controlled by APSARA authority, the surrounding agricultural area and
the fishing area near Tonle Sap Lake. In the province, there are many areas with no connection to the
national grid. Besides, the land is not fertile and disparity is serious. The common issues throughout
the four areas are underdevelopment of 1) urban transport infrastructure, 2) environment and energy
policy, 3) policies for income enhancement for the poor. This City to City Cooperation focuses on 1)
and 2) and proposes “local production for local consumption of energy” as a solution to the issue.

As an increase of tourists in recent years, the problems of disposals of urban waste is getting
worse. In conclusion, important policy proposal is disposal system utilizing organic solid waste

for a low-carbon society.



Tentative schedule of a study tour in Japan
16 October - 22 October 2016

Participant: Mr. Sophean Ung and Mr. Kemchun Chek/Ms. Chandany Sen

No. of participants : 3 persons

Duration: From 16 Octoberr to 22 Octoberr 2016

Language: Khmer-English-Japanese

As of September 24 2016

Date Time Contents Person in charge Place Stay
19:00 ~ 11:00 Siem Reap > Phnom Penh )
(16-Oct) : > Narita > Yokohama
12:00 ~ 13:30 [Lunch - Minato Mirai
) ) . Washington Hotel
17-0ct (Mon) N Solar and Wlf}d Hybnd Mr. Kimura anfd Shin Takashima ] Yokohama Sakuragicho
13:30 15:00 LED Stree't nghtmg at M.r. Nagata o Station (http://yokohama-
Minato Mirai Asian Gateway . .
s.washington-hotels.jp)
Worksh ith K. Ms. Matsuura of L(ar}ag:wa
] ~ ] orkshop with Kanagawa refecture
15:00 17:00 Pref. and Yokohama City Kanagawa Government
Prefecture
Hall
18:00 ~ 20:00 |Dinner - Minato Mirai
o Mr. Kawaguchi of
10:00 - 12:00 Tal-se% ZEB (Zero Energy Kanagawa Totsuka
Building) in Totsuka
Prefecture
12:00 ~ 13:00 [Lunch -
Smart House and Solar Mr. Kojima of Washington HOt'_el
18-0ct (Tue) 13:00 " 1500 |LED Street Lightingby | . o0 | Ohfuna Yokohama Sakuragicho
Mitsubishi Electric (http://yokohama-
s.washington-hotels.jp)
~ Mr. Kawanobe of .
16:00 17:30 SOI? Energy and Energy . Namamugi
Saviing at KIRIN Beer Asahi Glass
18:00 ~ 20:00 |Welcom Diner - Namamugi
9:00 . 11:00 Mov? Fo Ashikaga City of }
Tochigi Prefecture
11:00 . 12:00 Fm;teih Smart Green Park MrF.AOkada:]of
in Kitakanto inetec Ashikaga
12:00 ~ 13:00 |Lunch ° Rihga Royal Hotel Kokura
19-Oct (Wed) Weast to Energy in Mr. Okada of (http://www.rihga.com/ki
13:00 ~ 14:00 | ) Kwush
Finetech Smart Green Park Finetech takyushu)
14:00 ~ 17:00 |Move to Haneda Airport - Haneda
Fly to Kitak City fi
17:00 ~ 19:00 ¥ to Bltakyusyu Lity trom - Kitakyusyu City
Haneda
Rihga Royal Hotel Kokura
20-Oct (Thu) 9:00 ~ 17:00 |JCM-C2CC Workshop IGES (http://www.rihga.com/ki
takyushu)
Kitakyusyu City
Rihga Royal Hotel Kokura
21-Oct (Fri) 9:00 ~ 17:00 |JCM-C2CC Workshop IGES (http://www.rihga.com/ki
takyushu)
Kitakyusyu > Narita >
22-Nov (Sat) Phnom Penh > Siem Reap




2016 9 A 23 AR

ZERIL S YNEIE (JCM) H T R E#ET— 3y S

10 520 B(K) JCM EmRLEHET—Y > av ]

@57 ) — A0V ILKRTIVINE TH—F9R | (3F)

@EH:

T 802-0001 FbAMm/NEACXKEE 2-14-2 TEL: (093)531-1121 ()
7Ot A<y http://www.rihga.co.jp/kokura/access/index.html

FELTETELER F/S SO BAROEMREIEESXICETIEMERD. HBLEEEEERSC
EEBERET D, (RTEHICDONTE, F/S RUEZEICHIFT=RECBRREROICRELTELL,
PR (BR)BEL. FPARNRLREOEFERY, TN TIOFEEZICERILITTESD, )
B BN DBARKRICEICM B EZEOBMECEH MEES F/S DAV EZ-BYEBMRLTELL, F
EXMBICEDSHICEONEDEIBITEIER T NENCDNVTEZATEL I RLET DELBIZ. 7Y
FOETE TERFICAFZRYBAC DOV TERXBRET DL T, BOOBMUKANDELLHHELER
LEIATITET B,

- BADOBARKIZOWTIE, HENEEXEB CRBICOVTOBRAZBDIGETHUFICHRS A BBKE)

[ WinlysUNE S

X HERIFHEERM

9:30 B (RER)

9:35 JCM #E P EEEE RV ICM BESIEREF— LA
DICM L EEE X E LR FINE TN UNEES) (10 2)
QESZEAF— L RiswHB=EZE(GEC) (10 )
RESIEAF—LIFICMEBIEE) (10 &)
(B rdNIE BEOEEEES(G DEE))

10:10 JOM R BB B EICEATODHINFIIZZE R, ICM BEOEHLEH

(BARBABXRISEYEEE(LE)) (BRI H+HEMS X2 #)

QAL AMTE / NATH T RINYHORBEBEGH(NTT T4 228 E)
QORETH /AU, WAL, UNVasER) DR iswEE=A (D EEMEE)

10:50 a—E—TLA4(15 %)

11:05 SERERAL — M EEYNERICE T IEMBIREF B~ —REEYNIEEEF|IZ~
(FEAT) 25 D +EEIGE 15 =40 &

11:45 T 28 FEETENEEEZICSNOBN B AROBAEERNBND (R 10 5 x4 £+ EES 4

FEHDERRICET Bl - fE &t TOFTBEICIEE (FFEDIZHTSH JCM EHEEEFEOMED


http://www.rihga.co.jp/kokura/access/index.html

2016 9 A 23 AR

(F. BAEFIZ DT L=,
12:30 BREHREB(SHIIIRSIL](3 )

13:30 F Ak 28 FEEHEEEERICS OB B A EROBFEEHIRB N ()
(B 10 X5 Wi +EHE52)

14:30 TARSwav 1 [FS BEEREOR IR VEEZCHITHEE]
(AtmEr/ALIR T, B, HE)IBD 3 FEMNS 2 LT OEENEEE XRLERTER)
o SEEDOEHFTELEREZE
® JCM EHDREIREME
o TIUTEHHMNIERFILEEDD LTOETEEZENDERLGE
15:30 O—t—TLA4(15 %)

15:45 TARNY Ay 2 TF/SAEER - FEIIZHITIRBEAREK]
U™, BETHO2EZENS 24D, AL AMITONTIE 4 FENS 2 ZRECEBLE,
INFILERTER)

& BNERICHTHEEZRELA (FFMEM~OEZESD)
o STEHMISEBARBOLOOEMEDEN
0 TIUTVHMOERZELCEEDD L TORTREIEENEELRE
(BB RRER D012, BT EEEOREAEEDLSITERTESN ?)
17:30 ESES

18:00 AL T3y ()—HOqvILRTILING TU—Hhw T 1(29 BE))



2016 9 A 23 AR

10 218 () BE:BADEARDERRILOBRMEEAMDER))
@ 0T L(ZE)
*ERER

9:00 —AOA LR T ILFE
9:30 BEIL—ST LA
09:30-10:15 22—V LRZF(45 HEE)
10:20 BEIA—STLE
11:00  Taavvt A—E(BIEE)
11:00-11:30  LUFv—(RRA—FSVICESNEERECHE~OIE(RE))
11:30-11:45  EEISE
11:45 BE (FY) xzosvrtos—RIEoRME 1230 T
1230 TRV EVA—REABE(ES) KR 1 BERRELE
12:45 RERTRILF—/—D
12:45-13.00  RMRTRLF—/—IFEHP(TI2V 0 2—KE)
13:00-14:30 R
OLiIEFNE P
QR NFE
@EV NRAFEERT—>av
14:30 KRR IR F—/R—HF
15:00 ERBIEE HE
JEIR T I55
17:00 J—AOA Y ILRTILE /fRE

16:30

il

LRIV LIEEREERDENDYET,



ABGHREDERCE V2GR UL R E
~ 8] IIIROERE ~

- -~

WR/INE EXDEE IRILF—3 :




R BOMR
AO: #9105 A Sspporo
E%: 2,416km? i
GDP: 30JkFI#

Kawasaki Sendai

Kyoto TOKYO
g Chiba
Hiroshima O\ ____-» KANAGAWA

Yokohama

. Nagoya
Osaka




HREZECEIR

EEHE R | RRIMER




DREDNAVY— LI RIVF—5tE

O REDREE
TR2GET AICHE LR T85)8BETRIRLF—DBASZOREICET S ]

FhE [CEDE. IRIVF—ERICEISERNSTTBEC UTRE

3DDRE
O BFAOICBEICHKEF LEW
O BECRETD L SHEE
O MEMBEHHEDT D
= —~
A NN\
[ xBrzE || BEizz |

HAO—Tzwl—i3ay

o 201




DEDBNDAY— FIRIVF—FHE
HAENERAOCENHEELTARRERREEE (BH)
600{EkWh s e
:L____: i i (1596817
SO0fEkWh —— et
400{EkWh
300{8kWh — 5580.06 —
531 i 45%
200{EkWh —— 5%
100{#kwh 9.6%
ofEkwh |
mHMEE  SRHREEREL EhNED |ﬁ§i£ﬂ'ﬁt~:iﬁ%'ﬁﬁ mAMEE | SEMEERRED
FERE22(2010)E | FRE32(202005E FREA2(2030)F
203 200D 15

45



S0/7kW

BOTTkW

B0 kW
S50FkW
40/KW
3075kwW
2075 kW
10 kW

OBk

Hih.

70H/kW

RADARZNAEESASOHR

77.8
{15.4)

w JEEE (1okwEl k)
miE EQokWEiE)

H22(2010)FF H23(2011)E[E H24(2012)EE H25(2013)E H26{2014)5FFE  H27(2015)F F

H28FE3R %
e S ) = 00— b RE

0200

208

201




TERE U] ABARESE

(EREU] ICLDABNHEEEELL. BMATEENERED AN —
2EEUH L, RESEENZCEBD TABIRERRBERE L,
(EEMBSERNE] ZEAUTABNEESEZETENTI., EY

FEBIEREREDA) Y FEBSCENTEET,

DERREERY
""" < oRBR FLBE | pwsE
T emanza
o N SRR
Th&4t




BIEABERDS K

RO/ NRIVICHENTESC TERNVBEABRSEME, ZOREZ
EOLT, MEEMMENTIRREDERD, $& - BISOZER. 47«
AENDEASZAONA, YUY 3>VOINIVI-_—DFIDIZE, Cn

FCHECSED O IZHBANGRE TS ET.

\(FUSE—IBRTE)

TEEADES

EmAD
(F)UEISUY—P)

JOLIZ=—N\DRE
(FART>2aY)

1/3




ERAZSERDOE R

(AT TIHRORIR) (EEEO TIROER

BEIEUEAEEhE
TIBOEM2 L —~
EIRIC 4

=Y — h— K
PNCE
BEREIC I

PR




10

10



"

11



ﬁ*%@%(EV)”&“@%%
[ 29— FIRLF—5tE] '

. BEE O8I
3 AE2 0

AV TSEERE <$: .
. BREHOBA
BRRNOEVERER (R DOHR

10,0008

83355

25
8,000= 6,8550

6,0004 5,563

JFIEE 22&:?"* EEE AR SEAE eEEE 7EEE

12

. 4, 3988 =) *ig
4,0009 27128
2,0008 | 1; 213 = -
2548
Df:l-\ —

200

2 01 8,335

12



EVSo =70z

(EVHDY— YIPRO®H)
o ™ e

(%) (BRICAIF /2 R OERE)
L BAIZ . EHOHREBADHE
- ikERERE I» . EVBAORBEERE
 AEORE . FURBIREA R O
o« Fo1IN—ARE *EVESAN-DOBRXRE -

2 00




EVZERHUEERCET IV

" (B TREZ D —h)
ﬁ%ﬁﬂﬁw&é "‘g-;-é:'éb_g_my -]

#1000

| AFILICEVEREL. EEEIER

BEAHETELITILIER

14



EV?E%ﬁEﬁ%ﬁL/CEﬂﬁE?&ﬁE?ﬂb

iy
HENNERE
RRRRESTTP | | Sl
R PTTTTTT e | L
Ll TTTTT Ll L

YL iVe

7%
=
1
= ©E

MAOBIRET SETIV

"I%%ﬁcutﬁﬁﬁéfrmm

15



IXRILF—BraEDEE (ZEH)

ZEH: S EOSHBIL EUSHEGEIRILF—EELHEA .

BAAREIRNF—ICEYERIO—RIFIILF—HEENEREOFEVIFTADOEE

{:.:.:} ABBFER [:!cl%%iﬁ'ﬂj(%‘?s

GLRE (HEDBRE) D
=S HrEE
\

IRI7—LA

HEMS (R—AIRIVF—IRIAINIRATL)

16

16



IRIVF—BUEDES (ZEH)

Fujisawa 427+ F - Av—bar9 (FRM)

17

17



IXRIVF—BIEDOEI (ZEB)

ZEB: B0 —RIFIIF—HEENTEREOFE-IEIXATRADEEY

ABENRE
| 0000000000000 oM.
KRR (HEPEE) TR
= |_. =EhERZER 5
(_EI EEE, fg‘!, ?";ZT ) . Bems M- l
AN EER sait F

18

18



IXRILF—BNEDEI (ZEB)

KRLER 7 E B4R IERMEAEAT

(iget) SR

19

ZEB

19



IRILF—BUEDES - E -

E(OESY

xmwl g

RERSS  ptrramn

ART—FNIA

20

20



IRIVF—EII—DEHC

e

ExRFECEH DO D EBBARDEE

€25
- RIVUTHATE LR RADRIR
- BAEREFICHOREEEEE

<>

(Bl nEEl]

- hRET &EE UIZERH

- MIRICH © IERNRBVRETE

- FROSHE/NIBNEH

21

20D

21



Thank you for your attention !

22



YOKOHAMA
v‘ SMART

City

9 P Froscr
Yokohama Smart City Project:
Large-scale Demonstration and
Future Implementation

Copyright © 2016 _Yokohama Smart City Project

Hello, my name is OOQO, I’'m a manager of Climate Change Policy Headquarters
at Yokohama City. Thank you for inviting this seminar.

Today, | would like to explain our flagship project, the Yokohama Smart City
Project.
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Overview of Yokohama « P Froeer

Copyright © 2016 _Yokohama Smart City Project

At first, I'm going to introduce the city of Yokohama.
Yokohama is located in the center of Japan islands.
Yokohama was opend as a international port in 1859.
At that time, there were few dozen houses.

But Yokohama is growing as the second largest municipality in Japan,
with a population of 3.7 million.
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1 Challenges That Yokohama Faces

Copyright © 2016 Yokohama Smart City Project

We are currently faced with the several challenges, global warming, super-aging,
and so on.



SMART

FutureCity: Yokohama and the future < : Seasecr

Activities
Culture, art, industries,

business and community
activities

Social infrastructure
Energy network, healthcare,
nursing care, social welfare

and childcare

Natural environment
(Natural infrastructure)

Water, greenery, air and
ground

ICT infrastructure, opn data

W , YOKOHAMA

Copyright © 2016 Yokohama Smart City Project

To solve these issues in a comprehensive manner, we promote the future
initiatives by three areas.

First, at the very bottom is the natural infrastructure layer.
The second layer is man-made social infrastructure.
The third is visible, daily social activities.

Working together with citizens, local businesses, municipality,
We called these initiatives “Future City Yokohama" .
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Ongoing targeted reduction for the amount - : e

of greenhouse gas emission

OlIncrease of GHG emission
Rapid population growth (3.5 times that of 60 years ago)
—Population in Yokohama expected to increase until 2020

Estimated GHG emission in Yokohama }

Short-term Goal (ten thousand/Co2) Projected amount of emissions compared

''''''' J--,,l 968 _
== |-l S
1,686 = "i
a @
5!- S
@ 3
3 :gj .
o g
o .
A 80%)|
1990 2005 2010 2020 2030 2050 FY
Benchmark year  Current state e Projet

To mention about global warming, if we don’t make the counterplan, Green House
Gas emission will increase as growing the population.

In Japan, birth rate becomes low and elderly people are increasing.

But Yokohama’s population is forecast to increase until 2020. The green dotted
line is the forecasted CO2 emissions if we do not make counterplan to reduce
CO2 emissions.

In 2020, the amount of CO2 emission will be 20.84 million tons.

In 2030, the amount of CO2 emission will be 21.03 million tons.

So, we make the climate change policy action plan.

(Not read)

On this plan, we set the amount of CO2 emission in 2005, as a standard amount.
In 2020, we are going to reduce the 16% of CO2 emission amounts in 2005.

In 2030, we are going to reduce the 24% of CO2 emission amounts in 2005.
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2. About YSCP
(Yokohama smart city project)

Copyright © 2016 Yokohama Smart City Project

Now, | introduce the specific efforts about climate change policy, Yokohama
Smart City Project.

Yokohama Smart City Project is being conducted as one major project.
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History of YOKOHAMA Project Selection q» D

We were selected by the Japanese government as
a "Next-Generation Energy and social system

demonstration area."
& : Yokohama |

| Keihanna |

| Kitakyushu

Toyota

7

Renewable energy should use existing power networks.

+

Peak shifting and peak saving should
also be part of the objective.

Copyright © 2016 Yokohama Smart City Project

In 2010, Yokohama Smart City Project was selected by the Ministry of Economy,
Trade and Industry.

As one project of Next-Generation Energy Infrastructure and Social Systems
Demonstration Areas.
The initial theme was to spread renewable energy and stabilize the systems.

But, after the Great East Japan Earthquake march eleventh 2011,

It became increasingly important to distribute, decentralize the energy system,
and power-saving, as disaster measures.

For this reason, we incorporated items such as cutting peak electricity into the
demonstration project.
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Overview of Yokohama Smart City Project : L

(Coordination between Yokohama City, 34 businesses, and 15 projects)

B results (To FY2013) .~ goal (FY2010~FY2014) CO2 Reduction (39,000ton / 30,000ton)
HEMS(Home energy management system)(4,200/4,000) PV (37MW/27MW) EV (2,300/2,000)

Energy Storage SCADA

Energy Storage Batteries for Energy Storage Apartment House HEMS | Condominium HEMS
Demand-Supply Control (Tokyo Gas, NTT-F, (Toshiba, Mitsui Fudosan Residential, JX-E)

(Toshiba, Hitachi, Meidensha, NE! i House HEMS
\ 7 (Panasonic) NTT Docomo)

- -4l Condominium HEMS
(Daikyo-Astage)
—

—
aﬂ %780 House HEMS

elivery System | <l “f % (Toshiba,
Hitachi, Toshiba) e - — é; W, Mitsui Fudosan Residential)

\ — = -
Energy Storage Batteries 0 H-HE
for Consumers = g ‘gl H z
(Sony E, Sharp) ily

-

(Meidensha, CEMS iy
Sumitomo 5 (Toshiba, Accenture) '!’!"I
Electric Industries) / oy

FEMS

Comprehensive BEMS
(Toshiba) -

Smart BEMS
(Toshiba,
Taisei Corp.

Office Building BEMS  *
(Toshiba, Marubeni, __ -
§ Smart BEMS
(Meidensha,
(Shimizu Corp.)

Copyright © 2016 Yokohama Smart City Project

This picture is the overview of the energy management of this project.
The feature is a large-scale demonstration in existing urban areas.
From 2010 to 2014, we developed and tested a variety of technology.

HEMS, Electric Vehicles for households, BEMS for buildings, FEMS for factories
and SCADA gathering small storage batteries, which were linked with CEMS for

community-wide energy management.
We reached our target a year ahead of schedule, introducing HEMS into around
4,200 households, 37 megawatts of solar panels and 2,300 electric vehicles.

The amount of CO2 reduction was 39,000 tons.
The CO2 reduction ratio was 29%
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The Workings of a BEMS - Integrated BEMS ] : e

OMaximum peak saving of 22.8% was confirmed with a demand response.

CEMS |maximur!122.8% |
(Community Energy eak savings

Management System)

Major facilities participating
in the demonstration

[ILETE
Integrated BEMS
(Building Energy
Management System)

adjustment margin

Copyright © 2016 Yokohama Smart City Project

In regard to demonstration, | explain only about BEMS.
Because my presentation time is limited, | omit HEMS, PV, EV.

In the BEMS demonstration testing, we introduced a system that manages
multiple BEMS as a group.

It called integrated BEMS, to manage buildings with varying characteristics, such
as large office buildings, commercial buildings and water purification plants as a
group.

It carried out the demand response demonstration aimed at cutting electricity
peaks.

For the results, we achieved a maximum peak saving of 22.8% by demand
response.
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Significant of Electricity Peak Saving

E.G. Demand Tokyo Electric Power Company in 2013

50,030MW L Total Fediiction To peak saving the demand

at the top 88hours power at the top 88hous

<=

No need Yokohama Thermal

3,840MW —)

M Peak Power

75% of Maximum = Power Plant to work
Demand Electric Power —
(0]
2
g Middle Power
1 e
k3]
o
Total electric power w
generation at 2
Yokohama Thermal &
Power Plant g Base Load Power
0 88 Times [ h] 8,760

I
1% of Total hours at one year

Copyright © 2016 _Yokohama Smart City Project

Then, | explain the importance of peak saving.

This graph is the electricity distribution for a year, demanded Tokyo Electric
Power Company in 2013.

Horizontal axis is time scale, vertical axis is demand electric power.
Between 0 and 88hours, the demand electricity is 3,840MW.
It is almost equal the total power generation at Yokohama Thermal Power Plant.

If we reduce the consumption at the top 88 hours, it is not necessary to work the
thermal power plant to cover peak electricity.

So, we think it is useful to reduce CO2 exhausts.
That’s why we promote peak saving by demand response.
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3. From Verification of YSCP
to Implementation

Copyright © 2016 Yokohama Smart City Project

Thus far, | explained the demonstration of YSCP.
From now | explain about the implementation of YSCP.
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The Working of a Yokohama Smart Business Association oA W
Yokohama Smart Business Association

<8 secretary members> = 2 AN K =PV FAT
. T=EPCO TWi6kY6GAs  TOSHIsA
i W
TAISEI gjm‘( b\ QZb;' ‘.

HUEBSVABRBHIER R MEIDEN
<8 general members>
N\

@ I H I } % Panasonic @‘ ﬁ

skmz
v
l—‘ Achievement of an “Energy - recycling City” \_l

Promote local energy production ‘ Use BEMS to verify public facility
for local consumption demand response
We are currently conducting feasibility studies We are currently verifying adjustment of
and formulating plans for projects introducing supply and demand of electric power by
renewable energy and making complete use of power plants through demand response-
electricity, heat and other forms of energy in driven reduction of electric power.

certain areas.

Copyright © 2016 _Yokohama Smart City Project

Since April 2015, we established the association to achieve an energy recycling city.

It named Yokohama Smart Business Association, with 15 representative Japanese companies including
Toshiba, TEPCO, Tokyo Gas, and Taisei Corporation, have joined with Yokohama to promote the project.

We conduct two efforts, mainly.
One is to promote local energy production for local consumption.

We are moving forward with the conducting of feasibility studies and the formulation of plans for projects to
be implemented next fiscal year and beyond.

The other is to use BEMS to verify public facility by demand response.

It is thought that the social environment surrounding energy will change in the future, for example with the
forecast liberalization of electricity and gas retailing.

We will be working through public-private partnerships to construct business models.

And we utilize technology and expertise gleaned the demonstration, such as optimization energy use
throughout consolidating the amounts of customer power saved.

12



Energy Management based on specified supply V& }E’w
Befors Uniue\:gi':;ﬁ;?cgitéemer Minami Civil Minami Ward LR s
Engineering Office administration office Elec
@ < *Heat
Electric \ Electric

Utilities

Utilities

Low Volt.
Extra Hi Volt.

Minami Ward Total

Spetified

Su.[)Fl)r

Self Operated Grid

Extra Hi Volt.




YOKOHAMA
v‘ SMART
City

energy management based on specified supply et i

B

Yokohama City University

Minami Ward
administration office

Minami Clvil Engineering.
Construction Office

Q
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|-Brief Outline

Siem Reap Province

= Land area: 10,299.43 Km2
= 1 City (Siem Reap City))
= 11 Districts
= 100 Communes/Sangkats
= 922 Villages
= Population: 995,057
(Female: 504,596)
= Main Industries:
* Agriculture (80% )
« Service and others (20%)
= Angkor Wat ( world heritage )
Tourists: 3,019,280 (2015)
(International: 1,105,680)

Siem Reap City

= Land area: 472.73 Km2

= 13 Sangkats:

= 108 Villages

= Population: 256,018
(Female:131,528)

= Households 50,824

= Family size: 5

= = fsefigcocs metagfenc




|l. low-carbon policies/strategies/action plans in Siem
Reap city

1. City Overall Visions
¢ Town of Water
+* Town of Green
¢ Town of Culture and Education
¢ Town of Tourism Assets

2. City Development Plan
¢ Environmental development plan (Priority Plan)
*¢ Introduction of Environmental public transport in the Angkor
Archeology Park (AAP): Battery Car / Electric bus, Traditional
transport ( Horse cart, Elephant ,.)

3. Public Awareness Raising Mechanism
¢+ Environmental Campaign/Environmental Day
¢ Training/workshops
s Banners (Public)



4. Waste Management
Recycling and Reusing Activities

Composting




lll. Expectation to the JCM City-to-City Collaboration Project

1. Process of sustainable development

2. City overall visions for Low-Carbon policy, strategy and
action plan

3. Lesson learn and reality of low-carbon implementation
process

4. Legal procedure for low-carbon

5. Local participation and collaboration process

6. Roles and responsibilities of local government.



IV. Roles of Siem Reap Administration for Low-Carbon

Implementation Policy

1.
2.
3.

Support city development plan implementation
Provide capacity development and human resources
Strengthening roles and responsibility of city administration on low-
carbon policy/strategy and action plan

Provide technical support

Cooperated with development partners for low-carbon project
iImplementation

Improve local participation and understanding on environmental

protection process



V. Difficulties/Barriers in Implementation

=~ L

Lack of legal and institutional arrangements

Lack of human resources at local administration

Lack understating on environmental issues and protection

Lack of financial support from government on environment
protection process

Lack of participation from development actors (civil societies and
development partners)

Disadvantage of development process
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C2C Cooperation with Siem Reap and
Kanagawa

Objectives

 Creating low-carbon tourism city (Green
City) development in Siem Reap
Province;

» Benefitting from the results of Feasibility
Studies on Joint Crediting Mechanism
Projects;

* Aiming to promote mutual understanding
and friendship; and,

» Undertaking development of the ty

regions in cC { Environ-

or Economy | Mobility | et

Jows. W e T
" = A® - ||.I. oS oA LLLLE] l.- I. i

e e e
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Strategical Steps for C2C Cooperation in 2016

Strateqgical Steps for C2C Cooperation in 2016

Monitoring &

Community Waste-to- Evaluating

Solar Energy

Developing
Projects

/

/

} - To specify current status of
~  master plan and

Identifying development problems in

: Siem Reap City
A el -~ To develop JCM Projects
- focusing on “Community
Defining Solar” and “Waste to
Objectives Energy”
- To introduce Japanese
technologies and solutions
- To exchange ideas of
project development,
implementation and benefits
under C2CC

Identifying
Problems

4

© 2016 Asian Gateway

Vision: Local Production for | ocal Consumption

| ocal Production Local Consumption

Eco Mobility

Waste to
Energy

Kanagawa

e CEMS

C2C Cooperation: City-to-City Cooperation
CEMS: Community Energy Management System



Strategic Steps for C2CC

Identifying
Problems

Defining
Objectives

Identifying
Actions

As is October 2016

Kickoff Meeting for
Visioning and
Concept
Understandings

Long List Made,
Strategic Planning )| Prioritizing and Short Hearin
List Made J

Meetings with Secured
Prospects and Site Survey Requirements
Investors { -

Preparation for

Contact Made and

Discussion
Documents Made

Preparation for Establishment of AG Fundraising [\ -roposal
Proposal . Finalized
Cambodia :
Specified Term & Conditions

Finalizing Proposal

Contracting MOU

Requirements Negotiated




FS Formation for C2CC

-------------------------------------------------------------------------------------------------

MOEJ Kanagawa C2CC

JDI Asian o Public

Facilities

Gateway

Consortium

-------------------------------------------------------------------------------------------------

MOEC EDC MME/EAC

\ 4 \ 4 v

Asahi Glass Finetech OECC

Five Stars

Hotels GAEA Investors

C2C Cooperation: City-to-City Cooperation EDC: Electricity De Cambodia

JDI: Japan Development Institute MME: Ministry of Mine and Energy COU nte rpa rt
6 OECC: Overseas Environmental Cooperation Center Japan EAC: Electricity Authority Cambodia N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
FS: Feasibility Study GAEA: Garbage Collection of skill in the art

MOEJ/C: Ministry of Environment, Japan/Cambodia
© 2016 Asian Gateway



- e-Mobility in Siem Reap

- Angkor Mobility Service (AMS) is a simple,
safe, and delightful way to experience the
Angkor Complex.

-,

e Just For You!

Xperienc
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Rooftop Solar Energy in
— Slem Reap

- Community Solar with rooftop solar energy
at five stars hotels and public facilities.

- Encourage self-consumption first and
enable to sell excess power.

Aim Target Group Target
. Reduc_e_ day-peak of - Area-based - Country peak load
electricity - Electricity - Area Electricity profile
- Reduce loss in consumption-based
electricity grid _ Electricity user type

- Lead to self-sufficient
power consumption

society
- Job and business

creation

Power purchasin .
Investment P g Incentive Measures
model

- Self investment - Feed-in Tariff - Subsidy (Partly)
- Investment with loan - Retail price - Tax incentive
- Leasing - Net Metering - Non-tax incentive

- Soft loan (ex, IDA
(International
Development

8 ‘ ' | Association))
© 2016 Asian Gateway ' : i ,




Waste to Energy In
Siem Reap

Hotel | &' Separation Plastic
Waste | “| Machine Waste

Torrefaction Organic Livestock
Machine Waste Feed

Pelletizer Pellet

Rice Husk

S |

Biomass Power Generation System
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ZEB In Siem Reap

3 — 1
b 2 N )
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' L
M
_ ———1 +5 5[
2 —1
3 — \

/

- Zero Energy Building for 5 stars hotels
based on RE/EE.

+3.97
+3.80
i f il
1 | | . . :
’ Y — g - - New Project in 2017
T EUU A_+2.97
—v4m — Functions k Infrastructure * Behavior
P “ \
7 ¢ Decentralization by
p Rooftop Solar
i I Renewable Energy in city
Energy(RE) : ||e Electrification
ey $40 1/* Reliable and
e 00 g T T Affordable
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= ] 2 e £l // / / -
"’/ 7 » Efficient Applications
'- Energy ||* Integration of
8 000 Efficiency & = = | architecture and
Conservation Sgi;ﬁg energy saving
Equipment equipments




Eco Village controlled
by APSARA Authority

VEGETABLES
eco village . - The Run Ta-Ek village Development project,
! g which encompasses 1,012 hectares of land
33 kilometers outside Siem Reap town, was
set up by the Apsara Authority, which
administers the Angkor temple complex, in
an effort to limit the amount of housing

within the temple park and along the Siem
Reap River.
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AG Japan and AG Combodia

Value Creation

Project Implementatfion

Production
Start

Quality
Assurance

-~ AG Cambodia )

Doing Business v

by AG Cambodia

Debt /

Financial Equity
closed Structuring I
PPA
award
Japanese Engineering : :
: Government & Design _ : . L . !
Consulting Projects [N | Joint Crediting Mechanism Subsidy  §
by AG Japan and Modeling A . :
Risk Mitigation: Representing the Japanese
JDI | government, JICA , ADB and key local financial and
Project government partners (City-to-City Collaboration).
secured Assessment : : _
' ' Time

12 AG: Asian Gateway Feasip_ility & Due Enginee_ring & Financing EPC/O&MM
oxersmmcaenay  JDI Japan Development Institute Diligence Design
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' ISPP (International
. School of Phnom Penh)

- 5.4ha of land
- 200kW + 800kW (Max. 1MW)
- 830 students

»+ The first GEC JCM Project in Cambodia
Solar Market



Target Domain by Cambodia Sun Power

Integrated Solar
Enirgy and
Sunshine Power
FOOd aiming to Local ,
Production for Local e
Consumption

Synergy

p

14

loT: Internet of Things
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No part of this publication
may be reproduced or
transmitted in any form or
for any purpose without the
express permission of Asian
Gateway Energy Inc.. The
information contained
herein may be changed
without prior notice.

© 2016 Asian Gateway
Energy Inc., All Rights
Reserved.

We would like to hear from you and answer any questions that you might
have. info@asiangateway.co.jp

|© 2016 Asian Gateway
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Siem Reap Province

13
g

Siem Reap Province

Lz smm g

5 1



Overview of the Province

Total area of the province 10.299km 2

Population : 1.042.286 people

— Female: 526,784)
— 18 years old up: 712,658 (Female 415,079).

Family : 206,385 families
Population density : 101,2 People/km?

Population Increase : 3%
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Overview of Siem Reap City

» Land area: 472.73 Km2

= 13 Sangkats:

= 108 Villages

= Population: 256,018
(Female:131,528)

= Households 50,824

= Family size: 5

= Tourists: 3.5 Millions



low-Carbon Policies/strategies/action Plans in Siem Reap City

1. City Overall Visions
+»* Town of Water
> Town of Green
+» Town of Culture and Education
¢ Town of Tourism Assets

2. City Development Plan
¢+ Environmental development plan (Priority Plan)
*¢ Introduction of Environmental public transport in the Angkor
Archeology Park (AAP): Battery Car / Electric bus, Traditional
transport ( Horse cart, Elephant ,.)

3. Public Awareness Raising Mechanism
¢+ Environmental Campaign/Environmental Day
¢ Training/workshops
¢ Banners (Public)



Roles of Siem Reap Provincial Administration for Low-Carbon
Implementation Policy

1. Support city development plan implementation

2. Provide capacity development and human resources

3. Strengthening roles and responsibility of city administration on low-carbon
policy/strategy and action plan (Transfer from National administration to City
administration)

4. Provide technical support to city administration (National/Provincial
Administration)

5. Cooperated with development partners/private sector for low-carbon projects
implementation

6. Improve local participations and understanding on environmental protection
process (Environmental Campaign/Environmental Day, Training/workshops,

Banners for public) 6



Waste Management
Recycling and Reusing Activities
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Electric Tourists Transportation
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Request to the JCM City-to-City Collaboration Project

1. Develop City overall visions for Low-Carbon policy,
strategy, guideline and action plan (National and Sub-national)
2. Implementation of low-carbon projects for sustainable

development

3. Strengthening Roles and responsibilities of local

government and local people .

10
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Our project site in Sime Reap Province
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Siem Reap C|ty

 Land area: 472.73 Km2
* 13 Sangkats:
- 108 Villages
« Population:256,018 /
(Female:131,528) |
« Households 50,824
* Family size: 5
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Close up for our main
focusing area and projects

Area 1
Downtown of Siem Reap City

Rooftop Solar Implementation with Self-Sufficient
and Off-Grid with turnkey provider

Electric Mobility for Para Transit and Logistics
Area 2
- 30ha Land nearby Banteay Srey Temple

Forest Resort Development as a showcase of
Smart City with FCC (Foreign Correspondents Club)

Area 3

Eco Village (1,000ha) managed by APSARA
National Authority nearby Phnom Bok

- Solar Energy and Biomass Power Plant
Development for Hydroponics with SOMA Group



‘approach
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with Siem‘Reap and anagawa
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C2CC with Siem Reap and Kanagawa

Objectives

» Creating low-carbon tourism city (Green City)
development in Siem Reap Province;

» Benefitting from the results of Feasibility Studies on
Joint Crediting Mechanism Projects;

« Aiming to promote mutual understanding and
friendship; and,

it of the | ' Economy | Mobility | ~"vro"™

» Undertaking
collaboratiog

e o : i- = ' H m —_—t | " IH m
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Strategical Steps for C2CC in 2016

Strategical Steps for C2C Cooperation in 2016

Monitoring &
Community Waste-to- Evaluating

Solar Energy
QL \

Developing
Projects

1; - To specify current status of
master plan and
development problems in
Siem Reap City
~ To develop JCM Projects
- focusing on “Community
Defining Solar’ and “Waste to
Objectives Energy”
- To introduce Japanese
technologies and solutions
~ To exchange ideas of
project development,
implementation and benefits
under C2CC

Identifying
Actions

Identifying
Problems _
This Year’s Focus

‘ 0

|© 2016 Asian Gateway

Vision: Local Production for Local Consumption

| ocal Production Local Consumption

Eco Mobility

Waste to
Energy

Kanagawa

e CEMS

C2C Cooperation: City-to-City Cooperation
CEMS: Community Energy Management System



Strategic Steps for C2CC

Identifying Kickoff Meeting for
Problems Visioning and

Long List Made,

Strategic Planning Prioritizing and Short Cont_act Made and
Concept List Made Hearing
Understandings
D(:)flnl_ng . . Meetings with
Objectives Discussion Prospects and Site Survey Secured
Documents Made Investors Requirements

Identifying

Acti Breparation for Preparation for
ctions P Fundraising Establishment of AG
Proposal

Cambodia

Proposal
Finalized

Iifnnt:zigg Specified Finalizing Proposal || Term & Conditions
- N Negotiated with

Prospects

for JCM and

Requirements Contracting MOU

Prospects

As is January 2017




FS Formation for C2CC

| Siem Reap Siem Reap APSARA
MOE Kanagawa CZ?C Province City Autority
: | Asian : Public
: JDI Consortium Gateway : FS Facilities
MOEC EDC MME/EAC

Five Stars

Rice Millers Investors
Hotels

Asahi Glass Finetech OECC

C2C Cooperation: City-to-City Cooperation

JDI: Japan Development Institute

OECC: Overseas Environmental Cooperation Center Japan
FS: Feasibility Study

MOEJ/C: Ministry of Environment, Japan/Cambodia

‘ 3

EDC: Electricity De Cambodia

MME: Ministry of Mine and Energy

EAC: Electricity Authority Cambodia
GAEA: Garbage Collection of skill in the art

|© 2016 Asian Gateway



AG Japan and AG Cambodia

Value Creation

productiongly __ Projectimplementafion
Start ‘- : Assurance
Doing Business (_

by AG Cambodia

Financial . .......... 1 _______________________ Debt / Equity
closed 5 Structuring

PPA
award
Japanese Engineering : .
. Government & Design _ = . o _ i
Consulting Projects Joint Grediting Mechanism Subsidy  §
Business s R b A
by AG Japan and * » Risk Mitigation: Representing the Japanese
JDI | government, JICA , ADB and key local financial and
Project aovernment partners (City-to-City Collaboration).
secured Assessment | 5 _
Time

e Feasibility & Due Engineering & . .
9 AG: Asian Gateway | =aS b y Jineering Financing EPC/O&MM
o0t caenay  JDI: Japan Development Institute D|I|gence DeS|gn
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Cambodia

Rooftop Solar
Implementation by SPV

with AGC

Asian Gateway (Cambodia) Co., Ltd. is
establishing SPV (Special Purpose
Vehicle) to provide Solar energy hotel
with PPA (power purchase agreement).
There is no permission.to.connect solar
energy to national grid controlled by

EDC.




Renewable Energy
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Ground Mounted
Floating

- Solar Financing

Joint Crediting Mechanism (JCM)
Solar Leasing
Fundraising Service

- Biomass Power Generation
Waste to Energy

W e s .. F, e ' ‘ Torrefaction
* '. | ———— Pellet Exporting and Plelletization

4 AW




Rooftop Solar Energy In
Siem Reap

- Community Solar with rooftop solar energy
at five stars hotels.

- Encourage self-consumption first and
enable to sell excess power.

Aim Target Group Target
Reduce day-peak of
electricity
Reduce loss in Area-based
electricity grid . Electricity Country peak load
Lead to self-sufficient consumption-based Area Electricity profile
power consumption .
society Electricity user type
Job and business
creation
Power purchasin i
Investment P 9 Incentive Measures
model
Subsidy (Partly)
Tax incentive
Self investment Feed-in Tariff Non-tax incentive
Investment with loan Retail price Soft loan (ex, IDA
Leasing Net Metering (International

Development

12 O Association))
© 2016 Asian Gateway




PPA based SPV with Hotels

Investor Financier Phased Implementation
E Tu rn key . Commercial 2017 2018 2019
- = der* Bank
o ay9 roviaer . ADB/JICA Hotel A
Equity (30%) Debt (70%); Hotel B
; A PPA Hotel C
i AsianGateway
, Hotel D
'......International Consortium for JOM Financing Program ___-
- Turnkey Provider is main EPC with majority investment for HOteI E
initial equity of SPV.
- SPV provides the solar electricity with affordable price including
operation and maintenance service to hotel. Hotel F
- SPV also provides energy efficiency equipment to hotel.

‘13




e-Mobillity in Siem Reap

- Angkor Mobility Service (AMS) is a simple,
safe, and delightful way to experience the
Angkor Complex.

o ,.«\.

renceJust For You!
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HOTELS B RESTAURANTS
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Key facts and objectives

e Creating a fully energy
neutral eco-resort and
development

e Creating the most . -
integrated resort for o o
nature lovers ST el S "

e Becoming a show case
for sustainable tourism
development

- ’

16
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Basic Concept for Forest Resort

- Net-Zero Energy Resort

- Exclusive Luxurious
Healing Space during long
stays inside Angkor Forest

17
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Eco Village

Our
targetedfand

= , R L -
y (Zha) S ¢ N = /. :
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-5 ) 3 & =,
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""" .

J\\ ‘5.,\' Asian cfewoyé
{ Food and Agribusiness
led by Asian Gateway
(Cambodia) with
APSARA National
Authority

-~

Asian Gateway (Cambodia) is
developing new agribusiness using LED
based Hydroponics using Biomass
Power and Solar Power with Energy

‘ 18 Efficiency equipment.
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Project Site: Run Ta Ek EcoVillage
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- 2ha land for our project
+ Solar Farm
»+ Hydroponics Farm




VEGETABLES
eco village

m, .
| Hydropomcs IS a subset of
! hydroculture, which is the growing ”,
_of plants in a soil less medium, or ank
aguatic based environment.
Hydroponic growing uses mineral TS
nutrient solutions to feed the plants Fis

In water, without soill. .

-
20 - i ‘e
© 2016 Asian Gateway .
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& Hydroponics

-+ Automatic cultivation with traceabillity

- Using Biomass Power and PV power
electricity and energy efficiency equipment

- Cultivate, harvest and sell in the store

- Cultivate at central farm, and deliver to the
restaurant

- Agriculture in REDA (Run Ta EK EcoVillage
Development Area)

PV: Photovoltaic




Biomass Power Plant

| Separation Plastic
| Machine Waste

Torrefaction Organic Livestock
Machine Waste Feed

Pelletizer Pellet

2016 Target

Rice Husk

. . i i —d H—<="7 I % ~
S ] - e 3
S s < -‘ 'y
‘ 2] | ‘<,\

02010 AR AR way Biomass Power Generation System



PPA based SPV in Eco Village

Investor Financier Phased Implementation
Turnkey . Commercial 2018 2019 2020
c : * Bank

\sia ray O Provider . ADB/JICA

Equity (30%) Debt (70%);

A o

i AsianGateway E

: y N E

'\ International Consortium for JCM Financing Program ’

- SPV provides the solar electricity and biomass power with

affordable price including operation and maintenance service to
the off-taker. household

- SPV also provides energy efficiency equipment to the off-taker.
‘ 22

~ TTurnkey Provider is main EPC with majority investment for household
initial equity of SPV.
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AsianGateway

No part of this publication
may be reproduced or
transmitted in any form or
for any purpose without the
express permission of Asian
Gateway Energy Inc.. The
information contained
herein may be changed
without prior notice.

© 2016 Asian Gateway
Energy Inc., All Rights
Reserved.
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We would like to hear from you and answer any questions that you might
have. info@asiangateway.co.jp

|© 2016 Asian Gateway




