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1997 FITREX S ¥ X —ICH L TREFFHHERBL. KEH LI v o I—~DFHR
BRE. MADREILLZTo-, BHIZ, EROFEEL®, 1990 FOHEZEFER (NDOE
B DBELGETH =, BRINELINICEAL., ORI 10 FLLEHEW =, DO
HOMIZ, S v UY—XBEPECY M LOBRBFUHUVDEEZROHL L LT ST,

LAL 2012 FLURR, KEEBRMAERERFFREZHERL. BAOBESHIFICEIYRE
EngafRz—&8fEEL. BX, #RRT. TOTHRRBRTIXEEZERTHSIEV LR
2fze TNZEHIZ, S¥UX—BELSLICHRZMESEDEEFEZOND,

STy UY—RBFEF. BRERICERJIEKELTNS, Sy Uov—DFEHEMKBEKRF
NERRUVEEYMTHY . PTHLRAHRIEL 2011 FEBMED 38T LHHD, @ADL
ChICBEELTRY. BREBIEICLDELGT +—EILHZE L L-RHERD, XRA
AR EIZEON D8 - WALy (JETRO 2012) , 2010 FED I v v —
[CEITTOXNEEEE Br%E) [, 2008 FLEBERSEZRHELEZAS. TOD
99%(FER - TRILF—RUVHYBERORETHY ., EICKRATARAFELKAEES
LIz btz 2013 FIZENTH, BEAERMB - HREFA~NDEREN 15% LU LEZE S
HTWD, BRREBETEIHEABHZIRVNTEY., 24, FF, BE. ZE. VU4
R—ILEDQHFEALKREL, BRAEEEETHEINTHS (ERFTEZFHFEE 2014
F3AKR)

Sy UN—IIB T EHBNEEREDEFR L3R

Number of Approved amount of

No Sector Enterprises i nv?r;sitln}einotn) (USD Share
1 Power 7 19284. 432 43.93
2 0il and Gas 115 14372. 272 32.74
3 Mining 68 2833. 734 6. 45
4  Manufacturing 287 3456. 306 7.87
5 Hotel and Tourism 50 1599. 711 3.64
6 Real Estate 22 1229.15 2.8
7 piuestock & 26 347474 0.79




Transport &
8 Communication 16 313. 906 0.72

9 Industrial Estate 3 193. 113 0.44
10  Agriculture 12 191. 961 0.44
11 Construction 2 31.767 0.09
12 Other Services 12 41.892 0.1

Total 620 43901. 72 100

Source: Ministry of National Planning and Economic Development, Myanmar (2013) As of
September 30 2013
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F1EI v I EREHTELRS/Member list of the Myanmar Low-carbon City
Working Group (2013/07/31)

iHmEs L. - "
/Category #8484 /Organization £ fil/Name K4 /Position
m g EfftHAHE REEMAESE
R5E International Cooperation
BT HEES Ministry of the FiE 42 AR 3 - -
1 . ; 0ffice, International
Government Environment of Tomoki UEMATSU S
Strategy Division, Global
Japan .
Environment Bureau
i BEMY - )Y A U ILREE £\
ZE ZFE TZ2 FR1) b4 O M E 2 4EE 7@
2 : . BUR R
Government Environment of Jun Daito
Japan Waste Management and
P Recycling Department
i BEW - )Y A U ILHEE |
SH 4 E;:FU AN SH S 4 oo
Government Environment of ICHIKAWA Waste Management and
Japan
Recycling Department
Sy v — N N
mppges | EASYYRTRE Do 4 | —zene
4 £E Embassy .
Government Ei Zin Oo Second Secretary
of Myanmar
HMIKIBIEISIELTEXEE
5 gﬁﬁifﬁﬁint gzzazr;:ngnaxlzzzl Juichiro Director, Office for Glimate
P gency SAHARA Change, Global Environment
(JICA)
Department
REEBBRE FMEE - &h -
E P17 Bk MERE MR E—F FEHRER
BT ¥4 RS Japan International = Deputy Director, Peace Building,
6 . Shigehiko .
Government Cooperation Agency SUGITA Urban and Regional Development
(JICA) Division 1, Economic
Infrastructure Department
E P17 Bk NH EmT HEKIRIEE SURZEEIXIRE
BT ¥4 RS Japan International ) - Climate Change Officer,
Ji . Mihoko . ;
Government Cooperation Agency KANAMURA 0ffice for Climate Change,
(JICA) Global Environment Department
REBREMX RN ERBRE
Bialk R EAR hfEF R Bureau of
8 | Local Tokyo Metropolitan Sachiko Environment, Waste Management
Government Government NAKAMURA Division, Resource Recycling
Promotion Section
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RERMEHEMRERRNER

= o= /\
BiaK ia%ﬁiiﬁlﬁi N 8%  International
Tokyo Environmental | B&:AmkZE ) : .
9 | Local . . . Cooperation, Engineering
Public Service Sakina 1SOBE L ) .
Government Corporation Division, Green Engineering
P Department
JIEHIRER A IERT _ . .
AR Kawasaki Environment WET frf&/Executive Director
10 | Local Research Institute, Yoko MAKI IBEBIEE /Executive Director
Government Environment Bureau, of Kawasaki Environment
City of Kawasaki
NEHIRER SRR MAIBEE JOno 1y FHEE
BiaK Kawasaki Environment . " s -
. ¥k IR BH HEE Manager,
11 | Local Research Institute, AKi 0GIHARA | Proicct R h G Urb
Government Environment Bureau. ira ro4ec esearc . roup, Urban
City of Kawasaki Environment Section
" JIBTRIRIRAE S BT HBHEHR TOU Y FHRE
BIAK Kawasaki Environment JNE &A W IO = :
. R AR EZEE  Researcher, Project
12 | Local Research Institute, Shiro KAWAHARA | R hoG Urb
Government Environment Bureau, Iro es?arc roup, _r an
City of Kawasaki Environment Section
" NIETIRSHEE T HHEHE JOO s HRE
SPEEN Kawasaki Environment | e 4o e 5
. E # A= Researcher,
13 | Local Research Institute, Ava WATARAI Proieot R h G Urb
Government Environment Bureau, ya ro-_]ec esearc ) roup, Urban
City of Kawasaki Environment Section
RERRERRTMIREERSRE &
BiaK KR g A & Manager for
14 | Local City of Osaka Toshiharu Environmental Policy,
Government y SAZAKI Environmental Policy
Division, Environment Bureau
a1k BEERAEERERE Rk
05 Lo::nal LA AREF Director, Environment Bureau,
Government City of Kitakyushu Seiko KUBO International Environmental
Strategies Division
- BARERERBER
16 Lo;ual JE AT EREF Environment Bureau,
Government City of Kitakyushu Yuko TSUDA International Environmental
Strategies Division
EBNARBERET7 CTEENEEME
o s e g
JFETVS=7yLs HEES)I—7 HENRE
Rit% () vT=TUT e — Manager, Business Development
17 | Private JFE Enei . G'E] 'EITAKAHASHI Group, Sales and Marketing
sector nglpeerlng en Department, Asia Pacific
Corporation Division, Overseas Business
Sector
N REABRERZES ER
N ‘_=E
18 I;Erlia\ﬁ/;ce% KAEER (%) Elsil:zgg;: Chief Manager, Environmental
sector Taisei Corporation TANAKA Development Dept. Environment

Division
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REASHTEEER ER

2N
19 gi?i;iiﬁ KRR () K#iz Chief Manager, Planning &
Taisei Corporation Manabu OTSUKI | Administration Dept
sector . C o
Environment Division
EffRAERT HLHME
RiE®x . BMEE Manager, Marketing & Business
20 | Private ?:?zzfu%éf*lration Yoshihiko Development Dept.
sector P TANEMURA International Operations
Headquarters
T < T S - m S e
R % DOWA L2225 L E%% REVI1—avE ER
21 | Private (#) DORA Toshikazu General Manager
ECO-SYSTEM Co. , SHIRATORI . ger. .
sector Environmental Solution Dept.
Ltd. Dr.
e D & .
Empg | OATIAZATA i CEE HMENEE
22 | Private (#) DOWA Wiz Senior Manager , Strategic
ECO-SYSTEM Co. , Jun YAMAMOTO . '
sector Lid Planning Dept
N hrd k204 b d
ERitE | BATEG ERRE AIERAL DI
: . ) . . 3R & Waste Management Group
23 | Private Nippon Koei Co., Shigeyuki .
Overseas Gonsulting
sector Ltd. SHOJI . .
Administration
BONBERE RIEFEMTER
REI{% BAIE (%) ANE Environmental Science &
24 | Private Nippon Koei Co., Masaru Engineering Dept.
sector Ltd. ISHIKAWA Overseas Gonsulting
Administration
. BT A LE—5 1 SREOEN
R B R () BRTRLT—E 1 EILHIRS
REI{% . : . F—L aAHILET K
. Mizuho Information IMNLUEBEFR
25 | Private Consultant, Global
& Research Kazuyo OYAMADA .
sector . Environment and Energy
Institute, Inc. o
Division 1
o e 4 RETRILF—5 1 R HIRIRE
ez |07 EREEEHR N F—L avHLEUE
: Mizuho Information | {&EF5—
26 | Private L Consultant, Global
& Research Shoichi SANO .
sector . Environment and Energy
Institute, Inc. .
Division 1
— B EEAN | BRI Yo —HE | LHERE /N ERRREIE Y
27 | Incorporated | Japan Myanmar Yasunor i Specialist for SME business
association | Association MATSUDA promotion
T O T RBHER HEEMERE 24— RBE-&
) T Al A
A Institute of B — TRERZT L jb)b TR
Developing Co Director, Environment and
23 | Research Economies, Japan Michikazu Natural Resource Studies
Institute , vap KOJIMA

External Trade
Organization

Group, Inter-disciplinary
Studies Center
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Tt _rmops SEVTIL-R = g
29 | Research Engnind he Vw7 (I)Ecl)idTiEnRaIt; T&(fi ar?
Institute &y . Rabinder Malik P
Resources Institute
20 =95 HEKIRIBEER AR S | BT [igss
Secretariat | B/1GES Hideyuki MORI President
e 31| FOZE .
o | BBR OSBRI | | s=7ozo-—
Secretariat | B8/1GES ONOGAWA Senior Fellow
S o INF—ZA S[UEEHEIRIILF—EE T
32 ifimht ﬁﬁﬁfﬁ%ﬁ“% Kazuhisa 7 —5— Area Leader
= KOAKUTSU Climate and Energy Area
. n el:s I‘b“_k 7o
FHE | HREEHEHEN | EHRA SREBE TR LR
33 . 8 Researcher, Climate
Secretariat | B8/1GES Kenta USUI
and Energy Area
Finagel B CEERE T
a4 =X 95 HhERIRIZERBR IR S | SEHEE Y7 —5— Area Leader,
Secretariat | B8/1GES Yasuhiko HOTTA | Sustainable Consumption and
Production Area
Birleeii B E A EMEE o
K N ~ oo =
BHR wHEERETRE |- T¥ | %S _ Task
35 Secretariat | B/1GES —7 )L Janya | Manager, Sustainable
SANG-ARUN Consumption and Production
Area
FiRrlReii B E E A EMEE o
P o RS A= | EE Task
36 ifiariat ;gifé’gﬁﬁ%ﬁﬁn% 75 Nirmala | Manager, Sustainable
= MENIKPUR Consumption and Production
Area
B BB L EERE T
o oo o o
55 HWHBEREHEE | SPESR HHEA Visiting
37 . . Researcher, Sustainable
Secretariat | B8/1GES Atsushi SANTO .
Consumption and Production
Area
B e st S0 - OBUER
25 | FHR SRR | SN A48 BIRA  Task Manager,
Secretariat | B8/1GES Ikuho MIYAZAWA | Integrated Policy for

Sustainable Societies Area
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@
Institute fo
Towards sustainable development - policy tical and strategic research on global environmental issues

JICMARBEEGERERMEL
AREREDBHMIZDLNT

The overview of Low-carbon Asia
Strategy project and the working group
on Myanmar

(2 BA) 2k 3R 35 B B BT ST 1 Rl
SUREHETRILF—FEIE

TYT)—H— IMNF—A I HRE HEHEKX
Kazuhisa KOAKUTSU, Leader, and Kenta Usui, Researcher

Climate and Energy Area
Institute for Global Environmental Strategies (IGES)

N
Asia Low Carbon Strategy Project

Asia’s Low Carbon Development and Green
Growth

Japan Package Support | Asian Country
* Local Policy * Local Government
Government Legislation  Private sector
* Private sector Action Plan * Research
* Research * NGOs
* NGOs Technology
_________ Transfer e
I Joint 1 (’ Low Carbon "~
| /
| Crediting | : ,,?--T(E-CT(.);I@L‘ =~
I Mechanism | Capacity r ~ Human
I I ildi _ SYSeM v esource
L__(_JE:'\_/I)___I Building \§__’,\\__—,/
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N
Enhancing Policy and Technology Transfer

Low Carbon Policy, Legislation, Action Plan

Japanese City and Asia’s city and local
. local government Know-how governmen_t
(i.e. Tokyc_), Yokohama, Experience (Su_rat_)aya—_lndonesm, Ho
Kawasaki, Osaka, Kita- Chi Minh-Vietnam,
Kyushu) Iskandar-Malaysia)

Low Carbon Technology Transfer & Deployment

Japanese Company

and Technology Project
(Energy efficiency, development Asia’s growing private

renewable energy, waste . Feas'bt”'tt)_/ sectors and business
management, water, emonstration

transport)

B
Joint Crediting Mechanism (JCM)

@ To facilitate diffusion of leading low carbon technologies, products, systems,
services, and infrastructure as well as implementation of mitigation actions, and
contributing to sustainable development of developing countries.

€ To appropriately evaluate contributions to GHG emission reductions or removals
from developed countries in a quantitative manner, through mitigation actions
implemented in developing countries and use those emission reductions or
removals to achieve emission reduction targets of the developed countries.

€ To contribute to the ultimate objective of the UNFCCC by facilitating global actions
for emission reductions or removals.

Leading low carbon technologies,
Products, Systems, Services,
Infrastructure and Implementation
of mitigation actions

JCM
Methodologies will be Proj ects
developed cooperatively
by both Japan and
Partner Country G
Useiggaﬁzleve Credits GHG emission
emission

reductions/
| 6" Ay

reduction target
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B =& O<Y

Realizing Environmentally Sustainable Cities by “Leapfrog”

== Areas which need more support ===

|
Community Basic Infrastructure Smart Infrastructure Life Infrastructure 1
Smart city Biomass Offshore LRT Green Water supply Sewage system Waste 1
_ o Life service and Life Style I

ICT(VICS.ETC) Power ret?n Demand response Cool Biz MOTTAINAI
system housing = %E 1
o] I
e " I B _ i !

[ Proposing package of low carbon technology and Know-how possessed by Japan 1

5
(R 72, NIGEIR,
AR, BREH.
SHFRE. Z#E-L)

. R—=FEUm - KETEEC LD ERFTHRTERIIBAE
. Waste to Energyifii IICkPERFBHHAZIERTE (RTF2,
RATS50T54)

. RAZINYHICET 2B RFBHAERED-HOE M

4. ASEANKBEHDZEAEHEODAFRBOTO42ERE
i —RIREOFREERE (OyhLs. Avad K—F=
V)

5. ARAVFIVEFEMIBICEITHBEMNRATRFHAB IO O
KIRER R ATREERAE (A RAVE—IL)

6. 7O EOENR - HIRLEOBMHELEE (CyhiLia, /\oa
D ARBMIE =L RFV)

7. C0.2V)—-JY—ror—5—DHFMZTOHRIGEE (Fvh)

8. ERFEEKMBEIATFLEAZTERIETODIIF (RT/3%,
ARAVF =)L, KR—FZ)

9. R LBNEMRAT S BEEERFLET IV IORIE(SSH o
1) | 2

10. BEINAOERICKDERRIS A= T(BAREERRTRENER
& (h—F3o.4FV)

11. %I*)#Eﬁ774+>XX=\'——AE¥%MET§ET$EH§$¥(’)-V
ALs

12. HikHRR - H TR MRERICEIRBEEAEE (R—F3)
13. BEW-HASBHIZHETE)—F 70y KIBEEEALRTLS)
14 ¥odomicHTBERRASERIE (vody)

15. TRILX—HGA-FEAOHEHRE (D52 /3—kL)

16. E/KEDK*HIZ L HCHGRIBZI R D EE L -MRVAERDIR
B (T/oRY)

BHI
BANGLADS

' e PHILIPPINES
VRS

17. XBERMEE - LERFOEARVREME. FHEE (X ) n
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320D I5vT Iy TH#H Target Cities in 2013
12 Cities w lected for pre-feasibility studies. e
€S was Sselected 10r pre-teas Yy studies __

| —

AT\ (AURRDT ) R—FI (RhFL) A RAVFT I (R
L—7) 32D 75w vy T #R ., Surabaya, Indonesia,
Ho Chi Minh, Viet Nam and Iskandar, Malaysia are 3
flagship cities.

> IhibkER T % & . Making use of relationship between
Surabaya and Kitakyushu (4t 7L ), Ho Chi Minh and
Osaka (KBr)

Energy management; Transport and traffic management, Solid waste

SUIEIERR management; Water and wastewater management

: Waste-to-energy, Wastewater treatment, Public transportation, Electronic
Ho Chi . - ) _
Minh bicycle, Building Energy Management System, ESCO, Energy savings in

water supply, Water saving equipment

Implementation of LCSBP (Low-Carbon Society Research Project) by
Iskandar  using advanced Japanese technologies (Smart City, ESCO, Energy
savings in water supply)

Y EY—)L (NAMAs/MRV) O B %

Development of Support Tools (NAMAS/MRYV)

[ 727 NAMA/ MRVA AR w9 1Z24ERL . Xt RE & DNAMAS / MRV O
FREETEZREL. TOT7DEREREIZCER

Net Global Reduction for Sustainable Development

Nationa Activity

Sector

Region —
N .

Progra

Asia NAMA / MRV Handbooks

> NAMA (Nationally Appropriate Mitigation Actions by Developing Countries: B#i® LBEICK3ZFDEIZEL-BMNTT

Bh)
> MRV (Measurement, Reporting and Verification: I - k& - #5F) 8
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3ODXET IV IA—L DR

Building of 3 Support Platform

FOTTOERZRHT O
—
ETTENT

“or
B SRS
= DIREE ﬁ‘*

A &

TtETSYNITF—L
TEDBNEREXET
BIVAMNYTH—ER

- EITHELHRALER
IR R DIREIRFI.
——X . BB OXIER

—8)

- EROEBIMIREXE

-
Promoting dialogue through Three Platforms

City and Local Government Platform

* Regional and country meeting
« Launch of web site
* Low carbon city policy manual

Research Platform [y Prlvate Sector Platform

(LoCAR-Net)

Networking

Seminar
Dedicated web site

Knowledge-sharing Technology match-making
Joint Research Investment guide for low

Capacity Building \_ carbon project )
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B
Yangon Project/ Y>> d B %

« B HBY/Objective

— ICMXRREEHFDRBEEL-. YoOd ORI EE
HERA~DOEM

o EE/Activities
—ERE BARODEE -BAKREDEE FHRER
— A RMAEZEL-EREEZEHDEDRIE

- BURXE-RE R . U —0 a3y TR . GHGHIH ER

BEhL—=2F  SHBEEREFEBELI-VY I UTDRES
[l k£ (H25EEITXHEEYH EFF D)

11

N
Yangon project

* Objective
— Contributing to the sustainable development of
Yangon through JCM project formulation

o Activities
— Working group: cooperation and knowledge sharing

among Japanese national/local governments, private
sectors and research institutes

— Technology research: Identifying potential low-
carbon projects and technologies

— Policy support / capacity building: Organising
workshops, study tour and training on GHG

calculation for the staff of City of Yangon 1
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- I
= 2= [X|/Project illustration

1hnl

SYUI—Eik
FHMERS v T—
EiEB:IGES RiE&fs
S Sv HEME
I—RUBADK (MOECAF)
Ff. Biatk, RRED
X ARBELGE
Nobr—o%iR
B trsh#E BEXIE-sEHEE
BARICEIBER-MROEE

"BEEVHHFELET . BRFHMEA R —H av TR

Al REMEEAE ‘GHGHIiBZFt EF %

-BURKY - Fl R EREE ST EHEAR
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-
Project illustration

Working Group

Myanmar’s

n Low-Car )
:\)Ayar?macr:a bo environment
Secretariat: IGES ministry
Members: Japanes (MOECAF)
private firms, local and other

governments and

Al stakeholders
research institutes

Integrated support

Technology needs research Policy support/ Capacity
Building

- Research low-carbon

technological needs, including (Priority on waste sector in FY

waste sector and off-grid energy 2013)

- Identify policy context and - Aworkshop in Yangon
challenges - Visit Japan

- Work with TERI - Capacity building on MRVing

GHG reduction

14
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E IR =B EF E/Planned
schedule

July 2013 - SH—EELRERFME /15t Low-Carbon Myanmar Working Group in
Japan
- ?ﬁ#ﬁi%ﬁﬁﬁﬁ&’a /Start technology needs research

August - IGESEZvUY—IREBREHME DEEMIE T E/ MOECAF-IGES MoU
to be signed

October - B-EERRE (BEVRGEOTYIT A IRLF—2HICHTS
RHREEF)

- 2nd Low-Carbon Myanmar Working Group in Japan

November - HE=REZSyoI—9)—UBFBEI+—7L /39 Myanmar Green
Economy and Green Growth (GEGG) Forum

December - YUIdUMICTHGAIRELEZEMERICEAT LT - av TR The
City of Yangon-IGES workshop on sustainable waste management

January - BoEEREFEE (YUIUTBERR -AFETHRES) /39 Low-

2014 Carbon Myanmar Working Group in Japan (¥>3>

- YUOdUMBEBE(BREEEEOAEEMHY) Invite officials from the
city of Yangon to Japan

15
B 00
SN B EFREIA—T L
11 820~22H
16
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i GE s Towards sustainable development - policy:

Institute

practical and strategic research on global environmental issues

CFEHYMNESITTLVELT=,

17
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Present Situation of
Solid Waste
Management in
Yangon City

\l )

Nirmala Menikpura, PhD
Sustainable Consumption and
Production (SCP) Group
Institute for Global Environmental
Strategies (IGES)

General background of Yangon City

(d Yangon is the former capital of Myanmar and remains as the most
important centre of commerce, politics and culture.

01 Total area of Yangon city is 759 km?and the population is 4.72
million (as of December 2012)

Administrative boundary of Yangon City Development

[ There are 33 townships in Committee
Yangon region and divided /
into four districts — North,
South, East and West

HLEGUE
TOWNSHIP

HTANTAPIN
TOWNSHIP

\F&
| HLAINGTHARYA?
TOWNEHIP
Y0
D p
»
%

LEGEND

1985 Yangon Area (133.643 sq. miles)
1991 Extended Area (89.574 sq. miles)
[] 1996 Extended Area (13.433 sq. miles)
- Handover from DHSHD (51.776 sq. miles)
E Warayar Timber industrial Zone (4 sq. miles)
[] Y.C.D.C. Administrative Boundary (292.426 sq. miles)

. 2
>

3 0 3 6 Miles
= ————|

Source :YCDC
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Waste management in Yangon City

Pollution Control and Cleansing Department (PCCD)
IS responsible for waste management in Yangon city

Responsibilities of PCCD in Waste management

y
v v

Daily Management Pollution Control (progressing)

Waste generation and composition in
Yangon

1690

0.4

o
w

035
0.2

to ay
1540
tonnes/day others ,
' 10 %

Paper &  Plastic

. textile 10 %
01%

Organic
waste , 76%

kg/capita/day
o
a N oo

(©]
[

0.1
0.0

o a

2001-2002 2003-2004 2006-2007 2010-2011 2011-2012

U Total waste generation - 1,690 toness/day

U Total waste collection - 1,550 tonnes/day

U The remaining 140 tonnes share the recycling and illegal dumping
U More than 75% of waste is organic 4
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Monthly fee for waste collection service

Old suburbs-300 kyat per

month/household O
| YA

Sub-Urban - 450 kyat per
month/household

[/

Central Business District - (600) kyat per
month/household

= L d
Charges from commercial \ s
centers hOtElS etc. are Central Business District

5 Mile Radius

. . Inner City
basfe:\d_ on sizes, kind of Bittertiy e sy 1 e <
facilities, waste types and Old Suburbs e

others New Suburbs

UFPD. THEHD
MinMiry of ConmUrnelsnh, 200E

Picture by YCDC

Waste collection methods in Yangon

1. Bell Ringing System

By Trucks

Pictures by YCDC °©
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Waste separation at Yangon

UWaste is mainly separated into two parts: Wet and Dry

L However, all the separated waste is loaded to the
same vehicle for transportation

Pictures by YCDC

Waste collection vehicles

O There are 13 kinds of trucks are used for waste transportation

U No. of trucks available 297 and capacity of trucks varies 2-8
tonnes/trip
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Shwe Pyi Thar | .=
i, - “\\

e

Htain Bin

-
TR

Present situation of open dumpsite at HtainBin

U This is the biggest open dumpsite in YCDC
0 847 tonnes of incoming waste is disposed per day

%1\ W 35

Future
PCDC is planning to implement a landfill gas-to-energy recovery plant to
replace this open dumpsite |
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Present situation of open dumpsite at Htwei Chaung

O This is the second biggest open dumpsite
U 612 tonnes of incoming waste is disposed per day

Future

YCDC is considering installation of incineration plant (with electricity
recovery) :

114

Present situation of small open dumpsites

Dumpsite at Shwe Pyi Thar
Disgosal capacity — 50 tonnes/day

Dumpsite at Hlaw Ge

Future
YCDC is considering installation of small incineration (without electricity
production) plants to replace these dumpsites .

12
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Situation of waste recycling in Yangon

U YCDC has estimated that 86 tonnes/day generated waste is
recycling

O Valuable recyclables are stored at household level and sell to the
nearby junkshops

O YCDC is also running a small-scale plastic recycling plant and
green and blue plastics bag is produced using the waste plastic.

Tin Can_ Plastic
700% _ = o

Infectious, Sharp, &
Domestic Waste Bags

Infectious
Waste
Container

L
Plastic Waste

( After Mejt) -
Waste fi!
Glass Container |
56.30% §
Leather Stael
Yy _o1a% >°*
o — " 11%
“-.‘H'“‘----._ Copper
\_Lead 0.42%

0.14%

Composition of recyclables
in Ya.ngon B Plastic Resin Waste Bags Production

13

Plastic recycling activities at YCDC

Estimation of Greenhouse Gas (GHG) emissions
from current waste management in Yangon

IGES GHG calculation tool was used to estimate the climate impacts from
current waste management in Yangon

GHG emissions from Waste Transportation
YCDC uses 128,704 L diesel and 900 L of gasoline for waste transportation

GHG emissions from transportation 7.51 kg of CO2-eq/tonne of waste
Monthly GHG emission from transportation 349 tonnes of CO2-eg/month

GHG emissions from open dumping

Emission of CH, from open dumping 22.88 kg of CH,/tonne
Direct GHG emission from mixed waste open dumping 480.48 kg of CO2-eg/tonne of mix waste
GHG emission from open dumping from monthly disposed waste 22,342 Tonnes of CO2-eq/month
4 -
E ,q? 3.5 -
2
o 2 3
€3 25
5 2
68
s a 2 4
c.2
0 1.5 -
c >
82 1-
< €
o 0.5
SE
0

123 45 6 7 8 91011121314151617 1819202122 2324252627 2829 3031323334353637 383940

Year (after disposal) 14
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Estimation of Greenhouse Gas (GHG) emissions
from current waste management in Yangon

GHG emissions from recycling activities in Yangon

Direct GHG emissions from recycling 866.42 kg of CO2-eg/tonne of mixed recyclables
Avoided GHG emissions from recycling via materials recovery 2646.79 kg of CO2-eqg/tonne of mixed recyclables
Net GHG emissions from recycling (life cycle perspective) -1780.37 kg of CO2-eg/tonne of mixed recyclables
Monthly total GHG reduction from recycling -4,593 Tonnes of CO2-eq/month

Overall GHG emission from waste management in

Yangon
LSl 22,342
E 20000 18,098
c
o
£ 15000
o
(3 10000
8
« 5000
o
» 349
g 0
g GHG emissions from GHG emissions from GHG from Overall GHG
= _5000 transportation opendumping emissions from waste
management

-10000

15

YCDC plan for future waste management

Landfill gas-to-energy recovery and incineration would be the two major
technologies in the intended waste management system in Yangon

Our suggestions to improve the climate benefits and other co-benefits
from waste management

U Careful planning is very important in the designing phase to avoid the
failure that may happen after the implementation

O Improving the efficiency of the landfill gas recovery is the key to mitigate
GHG. That can be done by starting gas recovery soon while waste tipping
continues, and extending the duration of gas recovery project to cover
the peak production period of methane

U Composition and the moisture content of the waste can be greatly
effected on the efficiency of the incineration plant. Pre-treatment would be
necessary to reduce the moisture content waste prior to combustion

U Despite all the waste-to-energy technologies, development of proper
recycling scheme in Yangon would contribute for significant GHG reduction
and then to attain the target of low carbon city

16
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Points to be discussed for further improvements

L How to select a appropriate set of technologies
(especially pre-treatments) to match with waste
characteristics of Yangon city?

J How to establish a capacity of local governmental
officials to plan and operate integrated approach for
long term sustainability of waste management?

O How to secure operational costs for upgraded
technologies and approaches?

U How to improve the efficiencies of proposed waste-to
energy technologies to extract maximum amount of
energy from waste?

L How to reduce running costs including fossil fuel input?
0 What are the possibilities for applying JCM?

d How to improve recycling activities in Yangon to divert
waste flows going into landfill and reduce GHG?

17

THANK YOU VERY MUCH

Nirmala Menikpura, PhD
Sustainable Consumption and Production (SCP) group,
Institute for Global Environmental Strategies (1GES)
Email: menikpura@iges.or.jp
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[ ]
IGES R

SYUN—ICBIFRAREBEBEDRIRICONT
Current status of environmental policies
in Myanmar

FIEzvyoY—ERERTERS
1st Meeting of Low-carbon Myanmar Working Group
14:00 — 17:30, 31 July 2013
Japan Press Center Building

=28/ Ikuho Miyazawa
WX B/Researcher
Integrated Policies for Sustainable Societies (IPSS)
N Institute for Global Environmental Strategies (IGES)

H®/Outline

® Basic facts about Myanmar

State of environment

Environmental law and policies

Institutions

Policy options and challenges

Yangon region/city e s g e
Conclusion =

**This presentation is based on the final draft of the Second
Environmental Performance Assessment for Myanmar (in press),
courtesy of ADB , and the survey conducted during FY2012,
commissioned by the Ministry of the Environment, Japan.

Photo-by I. Miyazawa
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ERIEHRO/
Basic facts

ASEAN'’s second largest land
area at approx. 68 sq. km.

Abundant forests, rivers,
wetlands, and coastline.

More than 300 mammal N RGeSy L Lio.ampm
; . = : ﬂe ; b‘\L e e EMOCRATIC éﬂ
species, over 1,000 different it (Rl P) (| pymeruatic

resident and migrating bird
species, 360 reptile species,
more than 1,200 butterflies,
and more than 7,000 plant
species.

Habitat of elephants, white-
handed gibbons, and many
other endangered species of
wildlife.

Source: UN (2012)

B
EREEHRQ/

Drivers of Environmental Change

Foreign investment of permitted
enterprises by country of origin

» Political opening up and (2010-2011)
removal of foreign Country Investment
sanctions; (USD million)
* Massive investment in the China 8,269
infrastructure backlog; Hong Kong 5,798
e Decades of limited public Thailand 2,948
expenditure on waste The Republic of Korea 2,675
management facilities and Singapore 226
environmental monitoring; Malaysia 77
and Japan 7
* Influence of external Source: Central Statistical Organization (CSO), Myanmar
investors looking for relaxed .
environmental controls. Irawaddy and Salwoon Ruers. O and Gas

Pipelines (Shwe and Zawtika), Kyaukphyu
Development Zone, Dawei Special Development
Zone, Kaladan Multimodal Corridor and roads
and rail networks linking to these projects.
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-2t 5 (O]

Drivers of Environmental Change

* Population increase —
estimated at >2.0%; 62
million by 2015;

» Deferred consumption
and urbanization;

* Massive resource and
energy demands of
neighbouring countries;

* Global climate change,
natural disaster, and
ocean acidification.

R

ural and Urban Population (‘000),
1985-2015

70000

50000

40000

30000

20000

thousand persons

/ =+=Urban
—a—Rural
——Total

~~~~~~~~~~~~~~~~~

Source: CSO, Statistical Yearbooks, 1992—-2003.

RIEDEILFRE

Priority environmental concerns

v Forest degradation;

v' Water resources and water quality;

v Land degradation;
v Climate change;

v’ Solid waste management;
v’ Biodiversity loss; and

Ifhot'c_ﬁ by K. Peter
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L —
IRIE K R /State of Environment (1)

» Forests accounted for 61% of total land area in 1975, and
decreased to 47% in 2010.

* Municipal solid waste in Myanmar consists of organic waste
(73%), paper and cardboard (18%), wood (4%), plastic
(2%), textile (2%), and other materials (1%);

» Abundant water resources, but limited usage. Hydropower
is the most highly developed renewal energy source.

Renewable water resources per inhabitant in neighboring countries (2012)
40000

35000 —
30000
25000 —

20000 -

15000

10000 —

=1l m _ L
0.0 A ; ; - . : y . —

Viet Namm Thailand Philippines Myanmar Malaysia Indonesia Cambodia India Bangladesh

cubic meters peryear

Source: FAO-Aquastat 2012

L —
IBIE K R/State of Environment (2)

e Limited access to electricity (30% of total population)

« Conventional energy consumption is still low, with nearly
two thirds from charcoal, fuel wood and biomass.

» A primary source of air pollution stems from the transport
sector, with the number of vehicles on the road doubling
since 2004, to close to 2 million.

» Severely affected by extreme weather events.

Access to electricity in neighboring countries (%/population) (2012)

100
o0
80
70
60
50

: I I I I I
(4] . T T T T . T T

% of Population

40
20

10

Cambodia Indonesia Lac PDR Malaysia Myanmar Philippines WViet Mam
Lao PDR = Lao People's Democratic Re public.

Mote: The graph plots 2009 data, except for Myanmar, 2011.
Source: WB-WDI 2012 and data provided by MOEP-1 to the September 2011 ADB mission.
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Institutional and Policy Responses

. o Responsible
Institutions and policies

1990

1995
1995

1997
2009
2009

2008, 2010
March 2012
2012
draft

National Commission for Environmental Affairs

Myanmar Forest Policy
National Forestry Action Plan

Myanmar’s Agenda 21
National Sustainable Development Strategy
Myanmar Action Plan on Disaster Risk Reduction Ministry of
2009-2015 Social Welfare,
Relief and
Settlement
Environmental Performance Assessment Turing MOECAF
int!!
Environmental Conservation Law oML MOECAF

Ministry of Environmental Conservation and Forestry

*National Adaptation Programme of Action MOECAF
eInitial National Communication to UNFCCC
*Environmental Impact Assessment Rules

Environmental Conservation Law (2012)

* Adopted in March 2012. Consists of 14 Chapters and 12 provisions.
» Serves as Myanmar’s basic environmental conservation law.

Key Characteristics

B Establish an Environmental Management Fund (incl. non-
compliance fees ) (Chapter IV, Provision 8).

B | ay down duties and powers relating to MOECAF (Chapter 1V).

B Establish an Environmental Conservation Committee (ECC)
(Chapter IlI).

B |f any existing environmental quality standard is more than the
guality standard stipulated by MOECAF, it shall remain in force.

(Chapter V, provision 12).

B The Ministry requires any business or work-sites which may cause
impact on the environmental quality to obtain the prior permission
(Chapter X, Provision 21).

B MOECAF may exempt any Government entity or private business
from complying with any provision contain in this Law for the
Interests of the Union and its people (Chapter XIV, Provision 36).
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##E/Organizations

Ministries Ministries Ministries
1 B4/ Ministry of Agriculture 12 4} #5%&/Ministry of Foreign 23 #iL%/Ministry of Mines
& Irrigation) Affairs
2 ®#4/Ministry of Commerce 13 RIEHMBELE/Ministry of 24  FrEZEFEAFE A/ Ministry of
Environmental National Planning & Economic
Conservation Forestry Development
3 EJE & /Ministry of 14 {R{E4/Ministry of Health 25 [EiE%/Ministry of Border Affairs
Communications, Posts and
Telegraphs
4 %4 Ministry of 15 A#%4&/Ministry of Home 26 $&:E%/Ministry of Rail
Construction Affairs Transport
5 HEFEFE % /Ministry of 16  #¥t4&/Ministry of Hotels & 27 R# % /Ministry of Religious
Cooperatives Tourism Affairs
6 X4k /Ministry of Culture 17  # R4 /Ministry of 28 | H &/ Ministry of Science
Immigration & Population & Technology

7 Fh%&74& /Ministry of Defense 18  EZE4A/Ministry of Industry 29 #t&m@EUtE/Ministry of Social
Welfare, Relief, & Resettlement

8 B4 /Ministry of Education 19  {F##&/Ministry of Information 30 R7R—Y4/Ministry of Sports

9 & 514 /Ministry of Electric 20  F7fE#&/Ministry of Labor 31 3@ /Ministry of Transport
Power

10 IAJLF¥—4E/Ministry of 21 fRERZEA/Ministry of 32 [NEEBRE/Ministry of President
Energy Livestock & Fisheries Office

11 Bf#4&/Ministry of Finance & 22 EZE#/Ministry of Military 33 E#HERE/Attorney General) - &
Revenue Affairs it Z&ERE K E/Auditor General)

B
RIEHZMAEEE/MOECAF

Organizational Chart of MOECAF

Minister’s B Environmental Conservation
Office Committee (19 ministries)

|kl

Dry Zone Myanmar

Greening Timber Environmental

Conservation
Dept. (50)

Planning and Forest
Statistics Dept. Dept.
(less than 100) (10,000)

Dept. Enterprise
(500) (20,000)

™ |

= \k"*-x,k__l_h

, =S , e & 4 Divisions
Forest Uni it Regional /
Research frll:lverslc Y /State Conservation Pollution
Institute HRRAIN branches and EIA Control

Policyand s
Inter’| Admin

Cooperation

P
5 Branch Offices (Yangon,

Mandalay, Dawei, Ayewaradi, and
SACAI) will be builtin 2013

Source: Developed by the author, based on interviews with MOECAF officials
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C——
B 2 E/Policy Options and challenges

® Key policy targets (from the latest 2010 EPA reports etc.):
» Set aside 30% of total land area under permanent forest estate
» Increase protected areas to 10% of total land area by 2017
» Reforest 20,000 ha of degraded land annually
» Full access to safe drinking water by 2010 (4 million people per year)

» Save 5% of the total primary energy consumption by 2020 and 8% by
2030, compared to 2005

» Introduce plastic bag free cities — Yangon & Nay Pyi Taw
» Surpass MDG targets in implementing national plans

® Key barriers to ensure environmental sustainability:
» Human and social pressures .
» Governance and management issues
» Significant data gaps

Photo by I. Miyazawa

B
Y>3 /Yangon (reglon/uty)

Map of Yangon City

E';‘ Yangon City Area
3 611.75 km?

Population:

» Region: approx. 7 million

» City: approx. 6 million
» Labor force: 1,6 million.
* Economic hub of the country
* Around 20 industrial estates.
* Yangon Port, a main river/sea
port coverlng 21 facilities.

4 districts
{33 townships)

Source: YCDC (2011)

» Traffic jams and air pollution is worsening due to rapid
rise in the number of passenger vehicles.

» Water supply equipments are very aged.

* Flooding is becoming increasingly serious due to under
capacity of drains and blocked rains.

» Kitchen waste (60%) and market waste (15%) are the
main waste types generated.
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gE=m/Conclusion

. . | N
Myanmar has significant potential to leapfrog
ahead of its ASEAN neighbors and to learn from  souce: wnivingaioua.com

regional and global best practice.

— Strengthen institutional capacity for environmental
management of the national and local governments of Myanmar

— Put regulatory framework in place to incentivize
environmentally positive activities and safeguard against
negative environmental and social impacts

— Involve civil societies to reflect diverse local context

« Recent changes and the willingness of the international
community to help with improving environmental quality
in Myanmar suggest a bright future ahead.

« Japan can play a catalytic role to facilitate south-south
environmental cooperation in the Asia-Pacific, in addition
to providing latest Japanese technologies and systems.

Thank you very much for your attention!

Ikuho Miyazawa
Researcher
Integrated Policies for Sustainable Societies Area
Institute for Global Environmental Strategies (IGES)

TEL: +81-46-855-3845
FAX: +81-46-855-3809
Email: miyazawa@iges.or.jp
URL: http://www.iges.or.|p
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Overview of IGES-YCDC joint workshop
on waste management

Nirmala Menikpura, PhD
Institute for Global Environmental Strategies (1GES)

imflpiegdebmmrenemie

IGES

2nd Meeting of Low-carbon Myanmar Working Group, 26 Dec 2013, Tokyo Global Enwire 5....,,....,......

Overview of the International Workshop in Yangon

U International workshop on sustainable waste management in Yangon was held at City
Hall, Yangon on 20 December 2013.

U More than 50 people participated in this workshop representing different government
organizations, privet sectors, NGOs

IGES

Glnbal Eﬂﬂnnmﬂﬂal
Strategies

JFE
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Part I: Myanmar’s Waste Management Policies

MWldWaste Manaeonl

I in
YangonCityy +

Current and Future Waste management in Yangon

Current situation Future plan

1. Dumpsit:! at HtainBin Landfill with gas recover

2. Dumpsite at Htwei Chaung Incineration with electricity recovery

63




(5E&EH2 FEERETHEREN IGES 2L TT]

Part I: Myanmar’s Waste Management Policies

Main issues in Solid waste management in Yangon

e Lack of detailed planning of waste management

* |nefficient waste collection system

e Old equipment for waste collection and transportation

* Improper final disposal

e Unclear enforcement of hazardous/infectious waste
management

e Weakness of SWM regulations

Part I: Myanmar’s Waste Management Policies

The Policy and Goals for Yangon

e R & Disrequired on clean air, clean land and clean water

* Need to integrate the action plans for ambient and indoor air quality
monitoring and upgrading

* Need to update the legislative system for EIA practice

* Need to enhance the technique on “waste to energy” processes

* Should promote greater awareness of environmental and health risks from
poor environmental planning and management

* Should upgrade the city as a green clean and healthy liveable city.
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Part I: Myanmar’s Waste Management Policies

The way forward in Myanmar (View of MOECAF)

U Formulate national waste management strategic policy framework

U Develop national waste management rules and regulations

U Develop sectorial waste management regulation and guidelines

U Promote green investment in waste sectors

U Formulate environmental quality standards

U Identify priority waste issues and action plan

U Promote appropriate technologies

U Promote people participation through environmental awareness program
U Promote regional level and international level cooperation

U Strengthen institution and capacity building and also coordination n mechanism

Part Il : Towards low-carbon waste management:
an opportunity of integrated waste management
system
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Part Ill: Understanding the full picture of
international cooperation

Part IV: Panel discussion: “the way forward for Myanmar,"

U In this session, a distinguished panel of experts were discussed some key issues
related to sustainable waste management in Yangon

-Mr. Takanobu Iwasaki from Tokyo Metropolitan Government
-Mr. Gen Tahakashi from JFE engineering

-Mr. U Hla Maung Thein from MOECAF

-Mr. Gaetano Romano from CESVI

-Mr. Kin win from YCDC

The speakers expressed their opinions and suggestions related to:

L how to promote an efficient waste collection system

U how to make waste management financially sustainable

U how to promote low carbon waste management in Yangon with international
cooperation

U how to effectively coordinate increasing international support

U how to engage communities to work on waste management
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Part IV: Panel discussion: “the way forward for Myanmar,'

Key messages from the Panel Discussion

[ International cooperation is very important
O Private public partnership is essential for sustainable waste

management.
[ Collaboration at national level and international level is another

important issue

O Life cycle management including life cycle cost assessment is
lacking, and it should be considered for enhancing sustainable
waste management.

Key message to the participants

It might be very competitive to work with YCDC
since many international organizations are already
involved with various activities in different sectors

JIn order to understand the overall picture of waste
management in the near future, it is necessary to
engage with all the key stakeholders who will
involve in the intended waste management in
Yangon
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Targeted country of the feasihility studies
Total 248 (2010-2013 Jul.)

Maldives,3 Others (16), 30
g, i W
Bangladesh, 4

China, 5 :
Cambodia, 5

Myanma
r

Indonesia, 55

Viet Nam, 35

LaoPDR, 6

Thailand, 21

Malaysia, 7
Mongolia, 10

Source: IGES, 2013
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DEHEHICHTONTLNS, BT TOEILRILBEHNSVA, hAHELEHDHLEELE
X 50%UTTHY. HURSTIZRWTEN, T—2IT&2TIEIh K YVIEWNMEZTR
TEDELHD, " BIRILF—DOREBPIEINAAITRAIRILEF—THOATEY., X
WTKA, KRARTRADBHD, £z, S¥UI—BFRNICEVWTEIRILE—IZET S
EBETOSELEIHADNTRLTNS, 2EROBEKR - ABZFEIRILX—ETITHONEH.
BIREIEE, AEEMECREREFMENBI R, HHABLIZOVTHEHRS -
IKE - HHARRENESLTWS, BAELZOFTHRALGHEIZOMNTEY. 3
BICEHREBEICE O TS, T0EH. BERO—EBEMEZHRTIO08H#L L,

(3w Ko Ko Kyaw Zwar EAAEHEDMBHEICDOULNTH ERA)
BHEBE
FIRILF—RBDT T T(E. BHER—XH,

—SHER-—XELEBRSH, BENIVE, TRILXF—DEEILZ N H, HER—IH
EER—ZANZE>THIENKEGESFREEELH S,

- RELEBREDEBMNTOTLDDH,

—SHRBIXEICBEHENTOTLSEHL., ZOTEMER TH S Myanmar Electric
Enterprise £+ 5 L TL 5 ATHEM,

S UT—BFE, LKA SNSAAXAICEALTEBASI v O v—ERNTOH
BICAIFT T AHZRO TS,

SINHEIC L S8R

FEHERBIT ST — X%@ﬁ“f%éhyﬁﬁﬁ”tMU%ﬁ#L Hffix
BEFS52&EELTVS, S¥YUV—ICEETAEATENDKIEE L ZFEICELTL
3
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EXZNE)

Yodrme, BRADEZEVEEDQAEFIZOVT, FRLGERI LTI, TLRHRA
ELT, TROLSLGELDAH 1=,

- RRBEIROEMTEEYEEZITO>TLADIIH LT, Y I TIX YODC BIAM
ToTW5%, TO-ORER BABOHETOT S L) Eh b YOO HAEEERLES
HMELY,

- BRI, RREENEEZHBTE S TSI EMNS LD, Y I UM TIE YODC BIR
AfTo2TWS., BRDBE., REIEEAOXILWEIBBENTO TS,

- RROGE, BHAFIEE0O EEATICHL, BEMTHY .. HOHEDO T RIL
F—iaD—8EE- TS,

B3

A&, IEHEvY oI oTBEO/N\M RN THONI. JIFETHORY BAHDEFIL
éhf:o

SmEYRX b

F3IEE v Uv—BREHHERS/Member |ist of the Myanmar Low-carbon
City Working Group
(25th February, 2014)

/ﬁcﬂa%:i%ay #H#542 /Organisation % Hil/Name B4 /Position
el YUoOdUTHREREESR .
ANEE ty “ Ko Ko K FREBARR BE
. Yangon City 0 Ko Kyaw == i
1 | City of Devel t Divisional Head of Pollution
Yangon evelopmen Zywa Control and Cleansing Department
Committee
el YOIdUTHREESR . .
Yrdrm A = Khin Oh BREEERE R
. Yangon City In n k )
2 | City of Devel t i Sectional Head of Pollution
Yangon evelopmen Thein Control and Cleansing Department
Committee
R A RERMESEMREREG B EES
A HEMRIR D EIXEE 353
3 E);Z?( Tokyo Environmental Tak bn Assistant manager, International
Q N Public Service akanobu Cooperation, Engineering
overnmen Corporation IWASAKI Division, Green Engineering
Department

77



NETHIRER SRR

BiAHK Kawasaki Environment | 3%/ EA f;giﬁiﬁ% IOy hHRES
4 | Local Research Institute, | Akira &anager Project Research Group
Government Environment Bureau, OGIHARA Urban Environment Section
City of Kawasaki
Bk o HERE Eﬁ%iﬁ%ﬁﬁﬁ%%ﬂiﬁﬁﬁﬁ%%ﬁﬂ%%
5 Iéocal City of Osaka Yasuhiro Environmental Policy Division,
overnment TABATA Environment Bureau
RMe% | FETILU=7yULy | BET BARHRMT T BRHERGE
6 | Private (hE) G HEESIL—T HMERE/Asia
. . en Pacific Div. Sales & Marketing
sector JFE Engineering TAKAHASHI Dept, Overseas Business Sector
A~ ) H dshiE REABRERRZES ER
7 l;EEHEIJJ:E% KEESE (¥) Hi 3 Chief Manager, Environmental
rivate Taisei Corporation lroyasu Deve lopment Dept. Environment
sector TANAKA Division
RREX | gxraam [ a s
8 | Private N On‘f'(oei Shigeyuki | mstEgisn ik
sector PP SHOJI
X e W | REIRILF—F 1 SKIRETF—
BRIt Z HFEERRF @) | BARNE | L c-ragnssr
9 |Private Mizuho Information & | Kazuhiro Senior consultant, Groval
sector Research Institute KUMAKUBO Environment and Energy Division
1
BERTHME A FSOFY—FKD
o N L, e g
REIGZ SHERIET ALFFS é%’;;fﬁjfﬂf o2
10 | Private Sumitomo Mitsui Yosuke 5 d [
sector Banking Corporation | KITANISHI Project Finance Group,
Structured Finance Dept
FHHF X
=B ShIRIB SR BATRTERS | . o . o
11 . Hidefumi =727 x0a—/Senior Fellow
/Secretariat | /IGES
IMURA
=[R2 gR 2 S A oo =
1 | BB RESBERTRNE | HEEA | IREReTALA ;ﬁ?;’:ﬁ
/Secretariat | /IGES Kenta USUI ’

Area
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HLEGUE
TOWNSHIP

HTANTAPIN
TOWNSHIP

LEGEND

1985 YangonArea (133.643 sq. miles)
1991 Extended Area (89.574 sq. miles)
[[] 1996 Extended Area (13.433 sq. miles)
[l Handover from DHSHD (51.776 sq. miles)
- Wartayar Timber industrial Zone (4 sq. miles)
[] Y.C.D.C. Administrative Boundary (292.426 sq. miles)

3 0 3 6 Miles
e = e =y

The administrative boundary of YCDC,in 1985 ( 133.643 Sqg-Miles)
and now a day ( 292.426 ) Square Miles. 3

Organizational Chart of YCDC

20-- Departments

( Including Pollution Control and Cleansing Department )
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Organizational Chart of

Pollution Control and Cleansing Department

-Officer

-Other Rank

Head of Dept.

-Labor

N4

r

Deputy Head (East+South)

! L

i

v

Deputy Head (North+West)

v

!

!

+

!

Assistant head | | Assistant head

Assistant head
Pollution Control

Assistant head

Assistant head

Assistant head

Assistant head

Assistant head
Pollution Control

Control

7 Township
Cleansing
Forces

9 Township
Cleansing
Forces

Final Disposal
Site
Dawei Chaung

East South Admin Vehicle North West
1 1 1 1 1 1 l
I r
o 1 Divisional 2 Divisional
1 Divisionall > Divisional > Divisional head head > Divisional 2 Divisional 1 Divisional
o heads heads (Admin.) (Vehicles) heads heads heads
(Pollution (East District) South District (North) (West) (Pollution

Control

o

Cleansing

7 Township |

Forces  Jd

f

9 Township
Cleansing
Forces

Final Disposal
Site
(Htainbin)

Duties and Function

[0 Daily Cleansing .

B Waste Collection (House Holds, Markets, Kerbshops,
Commercials, Clinics and others)

B Waste Transportation.
B Disposed To Final Disposal Site.

Pollution Control.

B Final Disposal Site Management
B Cemeteries Management
B Recycling Activities(YCDC and Privates)
B Green Composting
|
Schools
5/29/2014
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Goneraion IR
- ~

!

/

Collection and Transportation

Direct Haul

‘

Transfer Point

Bell collection
Hand Carts

25 m3 Containers

FDS

Dawei Chaung

Residents ) 5
Collection Point

FDS
Htainpin

Brick Tanks _

‘ \_ Cemetery J

L] Recycling Center of PCCD

Hospital Waste

I h Private Recycling Industries '

o/29/2014

Hazardous Waste

> Compactor Truck

Direct Haul and Special Treatment, on call

Solid Waste Management

Bell ring collection, Manual
Loading, Transport and
dispose to FDS.

Temporary Brick Tanks
(617) Nos
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P 9| Solid Waste Management
- m‘ N

r

Dust Bin, transfer to push cart,
OnGroundused =186~ Sets 2= mrapgport and dispose to FDS.

»

240 Liter Dust Bins, On
Ground used = 2056 -Nos
] - -

8

- e

660 Liter Dust Bins,
On Ground used = 1295 - Nos

YL yCDe

Waste collection Vehicle on Road =294 Nos

There are various types of vehicles, used in transportation of solid
waste. Many trucks are too obsolete to use for long term. It should be
replaced with new ones.
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Activities and facility in

Disposal Sites

PCCD have two main FDS and
each site only one Dozer for
dozing all waste.

The collected solid wastes were Location Map .

; of
transported and disposed to the two FNSTNRC AR o I %
Main FDS. Both of them are 30 km | Sites

and 26 km away from CBD.

Nga Moeik Site
(To be closed)

Le Ywar Site
(To be closed)

12
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Generation Rate Household Waste

0.395 Kg/capita/day
TOWNSHIP OF CITY

0.312 Kg/capita/day 0.396 Kg/capita/day
DATA BASED ON C.B.D OF CITY 7.5 % OF CITY POPULATION
0.287 Kg/capita/day

0.4 S 2% OF CITY POPULATION
. : 0.267 Kg/capita/day ¢
o 3.2% OF CITY POPUL
0.3
S
0.25 )
0 N N
2 S S
0.15 S w @
0.1 8 B
- O O
U.uo
0

2012-2013, Current Generation is (1690) Tons Per Day
Waste collection is (1550) Tons Per Day 13

WASTE COLLECTED IN CITY

Waste (ton)

Caused of Decreasing Cause of Increasing
A - 1§ 0 -0 TTVay © - X afales
- lllegal Dumping Problem
o000 71 RECYClE Activities
/# Migrated to Naypyitaw City
450000 /
440000 /
430000 /
420000 /
410000 /

2012-2013, Current Generation is (1690) Tons Per Day
Waste collection is (1550) Tons Per Day
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Existing Used Main ( 2 ) Final Disposal Sites & (4 ) Temporary Small

Location of
FDS site

HtainBin

Htwei
Chaung

Dala

Seikkyi
Khanaung
To

Mingalardon

Shwe Pyi
Thar

FDS

Constructed Planned Site ( Plant)

Year

2002

2001

2003

2003

2003

2005

Capacity Area

- 150- Acre
Used- 70 Ac

- 55.77 — Acre
Used-47.4 Ac

- 1.3- Acre

- 0.25 - Acre

- 0.91 - Acre

- 1-Acre

Dispose Ton

Per Day

( Current)

847

612

10

25

50

Remark

Open
Dumping
Open
Dumping

Low Landfill
Temporary site

Low Landfill
Temporary site

Low Landfill
Temporary site

Low Landfill
Temporary site

1C

e 2L E o

Woods

Metals
Glasses

Crockery and Stones

Typical Composition

Rubbers and Leathers

Base on common composition which a few different percentage.
( Depend upon the Wet Season and Dry Season )

88
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Hospital Waste Management

Infectious Wastes
are dispose to the
Incineration Process

Sharp Wastes are
dispose to the
Deep Well Process

Industrial Zones In Yangon City

= 24 Number

»Industrial Zones in City
» Total Factories

»Garments

»Foodstuff

»Chemical

»Iron and Melting

» Cold Storage and Fish Processing
»Paper and Cardboard

» Distillery

»Forest Product

»Public Use Goods

» Others

89

= 3562

=126
=334
=56
=519
=45
=105
=9
=148
=709
=1511

18
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Daily Waste Generated of Industrial Zones

Sr Industrial Zone No. of Zones No. of Factories Collected Remark
No Location

East Dagon Food and byproduct of
sites

2 North Dagon 1 95 11

3 Dagon Seikam 2 94 4 “
4 South Dagon 3 2356 13 “
5 North Okkalapa 2 342 57 “
6 South Okkalapa 1 85 0.4 “
7 Thaketa 1 123 3 “
8 Mingalardon 2 40 6 “
9 Shwe Pyi Thar 4 249 6 “
10 Hly Thar Yar 7 137 6 “

TOTAL 24 3562 109.4

On Call System
Waste collected = 109.4 Ton Per Day

Monthly Fee of
Household Waste
Collection

Satellite (300) kyat per month-(7)TSP

Sub-Urban (450) kyat per month- (10)TSP

|

CBD- (600) kyat per month— (15)TSP

Legend
5 Mile Radius
Central Business District
Inner City
o ¢CLC LOUMCR Y = 221 LD s
Outer City W I, A0 LRl
Dld Sul]_,lrbs Toll BTOH SFHsS T LI O YRR

MNew Suburbs

URPD. DHEHD
Minlairy of Consroclon, £008

. ________________________________________________________|
20
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House Hold and /
Waste Generator °’

Collector/
Local Buyer

Household
Collectors

Factory/ Recycle |

Domestic User
21

Infectious, Sharp, &
Domestic Waste Bags

Plastic Waste

( After Melt) Sharp
Waste
Container

Plastic Resin - Waste Bags Production <
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Recycle and Reuse Materials; Direct to Whole Sale
Local Buyers ;Data Base on 2012

Particular Weight (T) Unit
Plastic .4, Ton
Paper 8.94 Ton

Cardboard 11 Ton

Leather A Ton
Iron 0.5 Ton
Metal 33 Ton
Copper 0.3 Ton
Lead 0.1 Ton
Glass 40.5 Ton
Tin Can el Ton

Recycle Waste Generated = 85.84 - TPD 23

Htainbin Final Disposal Site,

Tender Invited, Propose Location of (800) TPD
Can dispose Domestic Waste of YCDC area,
Sanitary Landfill Facilities, Bio-Gas to Electricity or CNG

AW -
il el P - Su. P ESRRCEE L o, i

pi 4 ]
i (TT

i Remarks

Total Area= 150 Acre~] ) )
= 1.Daily Disposed = 8oo -TPD
T aw ] 2.Tender invited at 2012
. % B 13.Proposed Companies = 43 -No
{ 4.Pre selected = 5 -No
5.Final Full Proposal = ( 07- 08- 2013)

6.Pre selected = 2 No, ( 05-09-2013)
7.Final Selected =27-10-2013

8.Final Selected = CHASSON Int, Co,L
9.Sanitary Landfill Facility

10.0ut put = Electricity or 92% CNG
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Htawe Chaung Final Disposal Site

Tender Invited, Propose Location of (600) TPD
Incineration Plant, WTE

w ";.'.I;- pd ot ‘
Used Area= 50 Acre LY
— RV, 1.Daily Disposed = 600 -TPD( domestic
' 2.Hazardous waste = 100 - TPD
3.Tender invited at 2012
{ 4.Proposed Companies = 43 -No
“ 5.Pre selected = 6 -No
"N 6.Final Full Proposal = ( 07- 08- 2013)
7.Pre selected = 2 No, ( 05-09-2013)
‘ 8.Final Selected = 27-10-2013
% | o.Final Selected = ZEYA & Associate
10.Incineration Plant Facility
R ] 1.0ut put = Electricity

o N

\ TR 4\

Wy i

Key Finding and Main Issues in Solid Waste

Must be need to change the SWM sector including

1. Waste collection
Need Law, Rules and regulation( Now on going stage)
SWM legislation
>. Waste transportation
Essential need to change the waste trucks, mostly garbage
compactor trucks are available
3. Final Disposal Site Facilities
WTE process, on going in two big FDS
Small FDS in ( 4 ) townships which also change to Small Scale
Incineration Plants. ( Base on the no more use existing land
area)
4. Transfer station facility
City population growth
Increase waste generated
Land scare
FDS locations are so far from city area
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Public Awareness School

program 3Rs Activities Awareness
program

Recommendation

To research and develop on clean air, clean land,
clean water.

To integrate the action plans for ambient and
indoor air quality monitoring and upgrading.
To update the legislative system for EIA practices .

To enhance the techniques on “Waste To Energy”
WTE processes.

To promote greater awareness of environmental
and health risks from poor environmental
planning and management.

To upgrade the city green clean and healthy
livable.

28
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Energy policies in Myanmar

25 February 2014

Kenta Usui,
Climate and change Energy area, IGES

IGES

Outline

1. Current status of energy supply in Myanmar

2. Energy policy and institutional framework of
energy policies

3. Potential of off-grid renewable energy
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CURRENT STATUS OF ENERGY

SUPPLY IN MYANMAR

Electrification rate

2|8
goq

o
@ |s

Darussalam

Indonesia

012 | b o S22
< | o = o | o
3 | o = H'n—,m
o> |9 © 2 |< |2
° 3 |% = 2 v 8
&m” =2 am-x
o | = o o

100

100
99
98
88
83
73
63
49
31
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Source: |EA, 2012

Electrification rate (%) Urban electrification rate (%)

100

100
100
100
98
94
94
88
89
91
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Electric power generation (ASEAN)

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000 -+

Brunei Cambodia Indonesia Malaysia Myanmar Philippines Singapore Thailand Viet Nam
Darussalam

Source: World Development Indicators, World Bank (PIDS, 2013).

m1971
m 1980
1990
= 2000
m 2010

Energy supply

CO &PP  Natural Gas [ Coal Hydro M Biomass

Source: Khaing (2013) Myanmar Engineering Society
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Natural gas reserve

Gas Filed | Estimated scale Annual Extraction firm
Name production

3.56+ trillion cubic N/A Daewoo International (60%), Export to  China
feet Korean Gas Corporation (10%), startingin 2013
India’s Oil and Natural Gas
Corporation (20%), Gas Authority
of India (10%)

Yadona 5.7 trillion cubic 775  million Total (31%), Unocal (28%), Thai PTT Field life of 30 years.

feet cubic feet per Exploration and Production Public Exported to Thailand.
day Company Company (26%), MOGE Operated by Total
(15%)

Yetagun 3.16 trillion cubic 424  million Petronus (41%) MOGE (21%), Initial involvement by
feet cubic feet per Nippon Qil (19%), PTTEP (19%) Texaco and Premier
day Qil.

Source: ADB (2012) Initial Assessment of Myanmar’s Energy Sector, Ministry of Energy
(2012) 7

ENERGY-RELATED INSTITUTIONAL
FRAMEWORK OF ENERGY
POLICIES
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Energy-related institutions in
ar’s government

I\/Iyz|anm

Government of Myanmar

v

\ 4 i i \ Vi i
Ministry of Ministry of Ministry of Ministry of Ministry of Ministry of Ministry of
Energy Electric Power Industry Science & Environment Agriculture & Livestock,
(MoEP) Technology Conservation Irrigation Fishery & Rural
& Forestry (MoAl) development
(MOECAF)
Coal/Hydro Power Energy Efficiency Renewable Energy Irigation based small Rural Electrification
generation ) hydro plants
Gas fired generation
Power transmission &
distribution
Myanmar
U i Scientific and
) ) Technology
Myanmar Yangon City Electric Supply Research
Electric Power Electricity Enterprise ESE)
h Department
Enterprise Supply Board

Energy Development Committee (EDC) & National Energy Management Committee
(NEMC), under Government of Myanmar takes care of planning and co-ordination
amongst various departments.

Ministry of electric power (MOEP

MOEP
DHPP DEP DHPI MEPE HPGE ESE YESB
Hydropower and Hydropower and Thermal Power Hydropower Station and Coal- Electricity distribution
Thermal Power Project Projects Implementation Fired Thermal Plant Generation (Yangon City)
Planning
v v
GT, Wind and Other Projects Transmission line, Sub-stations, GT, Wind Electricity distribution

Planning

Farm Implementation Small Hydropower

Generation

DEP = Department of Electric Power, DHPI = Department of Hydropower Implementation, DHPP = Department of Hydropower Planning, ESE = Electricity Supply Enterprise,
GT = Gas Turbine, HPGE = Hydropower Generation Enterprise, MEPE = Myanmar Electric Power Enterprise, MOEP = Ministry of Electric Power, YESB = Yangon City

Electricity Supply Board.
Source: Ministry of Electric Power.

100




[5EEH3 FEIMERSFHKREF IGES HEFH]

Conclusion

e Access to energy critical challenge

e Rich in energy resources, notably natural gas
and hydropower

e But most of the gas and hydropower
electricity is consumed outside Myanmar

e Coal and diesel-fired plants increasing

e Governance or energy sector and electricity is
complicated, with fragmented responsibilities.
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Session Agenda

“Positioning Energy— Water— Food Nexus in Practice: Regional Cooperation for
Myanmar Resource Sustainability.”
Coordinated by IGES, Japan

“Energy-Water—-Food” nexus is now at the central pillar to design a country’ s
sustainable development path. Indeed, the demand for all of three resources is
increasing globally, and we are already facing the scarcity. Since these resources
are interlinked, a policy focusing only in one of them may result in an unexpected
problem in another resource. Hence the nexus concept calls for an integrated
policy-making, rather than in policies in silos

In particular, water—energy |inkage deserves a special emphasis. Water requires
energy for raw water extraction, treatment and supply, and wastewater treatment.
On the other hand, energy generation requires water for fuel extraction and
processing, cooling and hydropower generation. In the past few years, and the
result of the research will be presented in this session

But more importantly, what does the nexus mean to Myanmar in practice? It is
important to go beyond a concept and “move forward and faster” to implementation,
as titled in this GEGG conference. It is also important to share lessons in the
region, so that Myanmar can build on lessons learnt in the region. Myanmar is in
a favourable position to build such cooperative relationship as the ASEAN Chair
from 2014. In this context, this session offers two points of discussion

1. How can we implement the concept of the nexus in practice?
This point is discussed in Part 1, in which speakers from international
institutions, national governments, local governments and private sector offer
diverse perspectives. The presentations specifically target themes that water
and energy are interlinked; clean energy, hydropower, waste management and
smart city.

2. What is therole of regional cooperation to ensure resource security in Myanmar?
Experts from Thailand, India and Japan will provide their perspective in Part
2. Both Part 1 and 2 will benefit from international perspective, but will be
comp lemented by discussants from Myanmar to ensure the relevance of discussion
to Myanmar.
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Final Agenda

11:00-11:20

Opening

- Opening remarks by Hideyuki Mori, President, IGES

- Honourable guest speech by Dr Rajendra K. Pachauri, Chair, The
Intergovernmental Panel on Climate Change (IPGC) and Director
General, The Energy and Resources Institute (TERI)

11:20-12:00

Introduction:

- Towards Myanmar’ s Green Leapfrog Development: Opportunities
and Chal lenges with focus on Energy and Water sectors: Ikuho
Miyazawa, Policy Researcher, Integrated Policies for
Sustainable Societies Area, IGES

- Resources sustainability in Myanmar: Lessons from integrated
assessment of water—energy nexus in neighbouring countries: Dr.
Bijon Kumer Mitra, Policy Researcher, Natural Resources and
Ecosystem Services Area, IGES

Discussion

12:00-13:00

Lunch break

13:00-15:15

Part 1: Practical solutions to address the water—energy nexus:

Chair: Hideyuki Mori, President, IGES

Presentations:

- Opportunities of clean energy solutions in Myanmar and in the
region: Dr. U Win Khaing, President, Myanmar Engineering
Society

- Smartcity: Ms. Keiko SASAKI, Director, Kitakyushu Asian Center
for Low Carbon Society, Office for International Environmental
Strategies, Environment Bureau, City of Kitakyushu

- Implication of nexus approach for food security in Myanmar: Dr
Ohnmar Khaing, Coordinator, Food Security Working Group (FSWG)

- Waste to Energy with elaborate planning: Mr. Kuribayashi
Kenji, JFE Engineering Yangon Office

Discussion

15:15-
15:30

Break

15:30-16:50

Part 2: The role of regional cooperation to ensure resource security

in Myanmar

Chair: Peter King, Senior Policy Advisor, IGES Bangkok Office

Presentation:

- Regional cooperation under the framework of Joint Credit
Mechanism (JCM) : Policy Researcher, Mr. Kenta Usui, Policy
Researcher, Climate and Energy Area, IGES

- Capacity building for low-carbon growth in ASEAN: Mr. Satoshi
lemoto/ Dr. Jakkanit Kananurak, Capacity Building and Outreach
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Office Thailand Greenhouse Gas Management
Organization (JICA/TGO)

- Opportunities of providing off-grid energy solutions in Myanmar
and in the region : Mr. Debajit Palit, Associate Director and
Fellow, Lighting a Billion Lives Programme, Social
Transformation Division, TERI

Discussion

16:50 Closing
- Hideyuki Mori, President, IGES

Detailed Note:

In the opening remarks, Mr. Hideyuki Mori, the president of IGES, stressed the
importance of considering and addressing positive synergies and negative
trade—offs between EWF nexus in the context of Myanmar’ s pathways towards green
growth, and mentioned that experiences to be shared from Japan and other countries
in the region would be helpful in this sense

Dr Rajendra K. Pachauri, Chair, The Intergovernmental Panel on Climate Change
(IPCC) and Director General, The Energy and Resources Institute (TERI) emphasized
the importance of taking into account the culture of the society as Asia has a
particular culture, which could be a good driving force of green growth unlike
the Western culture of overconsumption. In this sense, local culture could be more
reflected in national planning and implementation of green growth. He also
stressed the importance of creating skills through proper education at
multi-levels (from local to national) for accelerating Myanmar’ s efforts to

achieve green growth

In introduction, Ms. Ikuho Miyazawa, Policy Researcher at IGES, presented the
analysis of the current status of environmental conditions and institutional
frameworks based on the IGES Working Paper 2013-4, and recommended 1) to mainstream
the idea of green growth in Myanmar’ s development planning, 2) to strengthen
environmental-related bodies such as the high-level coordination body for green
growth, and 3) to learn from and working with neighboring countries through
south-south cooperation

Dr. Bijon Kumer Mitra, Policy Researcher at IGES, introduced the lessons from
Thailand and India on the water—energy nexus and suggested the following 5 points
including; 1) long term energy supply might get negatively affected due to lack
of water and energy sector investment can be jeopardized, 2) it is important to
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consider spatial distribution of water resources for selection of Go and No Go
areas in future power plant construction planning, 3) Diversification in energy
fuel mix reduce risk of water shortage induced blackout as well as environmental
impacts, 4) End-use efficiency improvement has potential to complement
significant volume of water for other users, 5) In general, water abundant country
like Thailand and Myanmar may not face water shortage for electricity generation.
However, climate induced seasonal change of water availability may negatively
affect energy supply. The questions are raised regarding difficulties of
addressing regional cooperation as it is often driven by the needs of neighboring
countries (i.e. energy exportation, water management, and illegal logging etc),
as well as the way of non-spatial cooperation

Co—Chair, U Win Hlaing, DG of MOECAF, concluded that the government of Myanmar
is currently in the process of drafting integrated energy policy through a series
of dialogue with relevant stakeholders to tackle multiple challenges of access

affordability, and efficient use of energy and water.

Session Part 1 focused on how to implement the concept of the nexus in practice
regarding specific issues such as clean energy, waste management, food security,
and smart city. Dr. U Win Khaing, President, Myanmar Engineering Society,
presented the current status of national policy and institutional reforms in
energy sector and opportunities of clean energy solutions in Myanmar and the region,
and stressed that there are many potentials in Myanmar to improve access to energy,
energy efficiency, and renewable energy including solar and wind power, hydropower,
biomass etc, but needs proper policies, institutions, and capacity building.

Ms. Keiko SASAKI, Director, Kitakyushu Asian Center for Low Carbon Society, Office
for International Environmental Strategies, Environment Bureau, City of
Kitakyushu, introduced the its experiences in overcoming sever environmental
pollutions in the 1960s and current activities on smart city, emphasizing the
importance of partnership between residents, local government, and private
enterprises, as well as a holistic approach to address not only environmental
problems but also human development. She particularly stressed it is crucial to

conduct a series of dialogues with local residents to ensure their ownership

Dr Ohnmar Khaing, Coordinator, Food Security Working Group (FSWG) presented the
implication of nexus approach for food security in Myanmar and the importance of
addressing sustainable use of land. She suggested that it is indispensible to
pursue a systems—based preventive approach to ensure food security through
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national coordination mechanism, multi—-stakeholder dialogue, strategies to
create issue based networks, sustainable use of water and energy, and centralize

regional governance.

Mr. Kenji Kuribayashi, JFE Engineering Yangon Office, shared the company’ s

activities on waste to energy through incineration with elaborate planning in
other countries in Asia and planed activities in Yangon region, stressing that
the power generationwill contribute to stabilize power supply inresidential area

nearby and lower risks of unexpected environmental impacts

Part 2 discussed the role of regional cooperation to ensure resource security in
Myanmar. Mr. Kenta Usui, Policy Researcher, Climate and Energy Area, IGES,
presented the current status of Myanmar in terms of its GHG emission and its impact
on climate change and its implications for regional cooperation under the
framework of Joint Credit Mechanism (JCM). He pointed out that Myanmar’ s current
level of GHG is negative, it does not make sense to reduce current level of GHG
emission. Instead, Myanmar can harness increasing flow of climate finance to
benefit its own sustainable development.

Mr. Satoshi Iemoto, JICA Expert, and Dr. Jakkanit Kananurak, Director of Capacity
Building and Outreach, Thailand Greenhouse Gas Management Organization (TGO)
jointly introduced capacity building activities for low-carbon growth in ASEAN
through Thailand Greenhouse Gas Management Organization(JICA/TGO) and Climate
Change International Training Center (CITC). The three steps of TGO/CITC were
introduced; 1) design of the training course, implementation, and share the
knowledge with ASEAN countries

Finally, Debajit Palit, Associate Director and Fellow, Lighting a Billion Lives
Programme, Social Transformation Division, TERI, shared the lessons from India
on off-grid energy solutions and its implications for Myanmar and in the region
He emphasized that off-grid energy solution is a good practice of benefitting
community, but need to carefully consider and design based on difference local

contexts.
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FINAL EXECUTIVE SUMMARY

THIRD GREEN ECONOMY GREEN GROWTH, GEGG FORUM
Energy — Water - Food
Nexus
----- For Greening & Cooperation -----
Moving Forward and Faster

NAY PYI TAW (Myanmar International Convention Center) &
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REPUBLIC OF THE UNION OF MYANMAR
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Organized By: GEGG Myanmar (Not for Profit) Association.

In Collaboration with The Ministries of: Environmental Conservation &
Forestry, Focal Ministry for GEGG Forum; National Planning and Economic
Development; Education; Energy; Science and Technology; Culture; and

Myanmar Engineering Society; Association of Myanmar Architects; National Economic
and Social Advisory Council, NESAC

Supported by: Tun Foundation, Environmental & Economic Research Institute,
Yangon Media Group, Max Myanmar Group & Ayeyarwady Foundation, First Myanmar
Investment Co. Ltd, Zaykabar Co. Ltd, Myanmar, Government of Norway, Government
of Sweden, Government of Japan, United Nations Development Programme

In Partnership with: UNDP Myanmar Country Office and Regional Resource
Center, Bangkok, Thailand, UNEP International Environmental Technology Center,
Osaka, Japan, UN Convention to Combat Desertification Global Mechanism, Rome,
Italy, The Smithsonian Institution, USA, WWF, Stockholm Environment Institute,
Stockholm & Bangkok, Institute for Global Environmental Strategies, IGES, Hayama,
Japan, The Norwegian Energy Farm, Norway, Thailand Greenhouse Gas Management
Organization (Public Organization), TGO, Bangkok, Thailand, Yokohama National
University, Yokohama, Japan and UNEP regional Office for Asia Pacific
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SUMMARY HIGHLIGHTS & RECOMMENDATIONS

THE FIERCE URGNECY OF HOW& NOW!

Outstanding Support
The Opening Statement was delivered by H.E. U Thein Sein, President of the Republic of
the Union of Myanmar, attended by H.E Dr. Sai Muak Kham, Vice President, 13 Union
Ministers, 7 Deputy Ministers , 1 Regional minister, 10 Director Generals, 10 Regional
Representatives.
Greetings were given by Prof, Dr Emil Salim, Chairman, Council of Advisors to the
President, Indonesia and Ms Julie Jacobsen Takahashi, Charges d’ Affaires, Royal
Norwegian Embassy, Myanmar.
The President, Vice President, and Union Ministers viewed the winning Exhibitions of
Affordable Green Myanmar Homes Design, Cartoons and Photographs of Natural
Resource and Environment, and stayed back for Coffee and met with speakers and
participants.

> 282 diverse participants registered with the Ministry for Environmental Conservation
and Forestry for the Nay Pyi Taw Segment on 20 November, held at the Myanmar
International Convention Center. The participants included Members of People’s
Assembly, the Diplomatic Corps; UN and International Organizations; Private Sector,
NGOs, Media, Academia.

» The Yangon Segment held at Yangon University’s Diamond Jubilee Hall was opened
by H.E U Myint Swe, Chief Minister and attended by the Speaker of the Yangon
Region Government Parliament and 5 Regional Ministers.

» 363 and 399 equally diverse participants registered on 21 and 22 November
respectively.

» Over half of all registered participants were women..

» A large number of participants attended the Nay Pyi Taw and Yangon segment, but
did not register. At the Summary/Concluding Session in Yangon on Friday 22
November, a head count indicated 185 participants remained.

» The Third GEGG Forum received outstanding Myanmar private sector support. These
included complimentary air transport from Nay Pyi Taw to Yangon, coach transport
in Nay Pyi Taw and Yangon, dinners, lunches and coffee/tea breaks, and the use of
the Myanmar International Convention Center in Nay Pyi Taw.

» In Yangon, the Ministry of Education and Yangon University made available the
University Diamond Jubilee Hall Plenary Room and six break out rooms for the
Parallel Sessions.

» A large number of volunteers from MoECaF and from the organizations of GEGG
Myanmar Association Board members provided the indispensable logistic support.

» A CD-Rom disc containing all the Third GEGG Forum presentations was provided
every participant.

These are also available in the GEGG-Myanmar (Not for Profit) Association website:

WWW.geggmyanmarassociation.com.
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The Table below shows the Profile of registered Participants at the Third GEGG Forum

PRESIDENT

VICE-PRESIDENT

CHIEF MINISTER

UNION MINISTERS

REGIONAL MINISTERS

DEPUTY UNION MINISTERS

DIRECTOR-GENERALS

e R A e Y e

0

Nay Pyi Taw (20 Nov) Registered

282

Yangon (21 Nov) Registered

363 (Women 125)

Yangon (22 Nov) Registered)

399 ( Women 150)

Yangon 22 Nov Concluding Session (Head count) 185
MEDIA 21
SPEAKERS National 38 (10 Women)

SPEAKERS International 105 (22 Women)

» A Design Contest for Green Affordable Myanmar Homes, in collaboration with the
Association of Myanmar Architects, Myanmar Engineering Society; a Greening
Cartoon and a Photography Contests were also organized for the Third GEGG Forum.
Sponsors were contributions by GEGG Members and the Tun Foundation. The
Winners received their prizes at the Nay Pyi Taw Lunch on 20 November and in
Yangon.

» At the Lunch, the establishment of two Centers of Excellence for Green, Sustainable,
Resilient, Smart, CoE GSRS, in Yangon and Mandalay Regions was announced.
These will be part of a network of CoE GSRS to increase awareness, demonstrate,
train and build capacity to accelerate green economy and green growth, that will take
into account the prevailing ecological, economic, social, and cultural norms and
practices. The Centers will have Consortiums of National and International Partners.

» A shared and common refrain from the Third GEGG Forum is the imperative need for
implementation, with focus on HOW.

One of the Parallel Session summed up the message “The Fierce Urgency of
HOW”

» The Third GEGG Forum succeeded in increasing awareness of the importance of the
Nexus of Energy-Water-Food, their inextricable linkages, the multi-faceted
interventions available to foster greater integration and coherence for increasing
greening and sustainability.

» The three High-level Roundtables Dialogue on Policy, Strategy, Cooperation,
Financing and Investment that were held at Nay Pyi Taw, provided insights on the
critical determinants for greening and growing the economy, providing a pathway for
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sustainable development and importantly poverty eradication, as stated in the
Opening Statement of the President.

» The Roundtables were chaired by H.E U Win Tun, Union Minister of Environmental
Conservation and Forestry; H.E. Dr U Ko Ko Oo, Union Minister of Science and
Technology; and Mr. Putu M. Kamayana, Head, ADB Extended Mission in
Myanmar.

» The two Plenary Panels, Chaired by H.E Prof. Dr Emil Salim ( Indonesia) and Prof
Joakim Ojendal (Sweden), and 12 Parallel Sessions in Yangon on the 21 and 22
November focused on how Science, Technology, Management, Governance, Data,
Information and Capacity Building

» These Sessions by 105 international speakers (22 Women) and 38 national speakers
(10 Women), the discussions and questions and answers, provided in-depth
knowledge and experience for a range of Nexus Green and Sustainability
applications, with substantive Recommendations, summarized and highlighted below.

Summary Recommendations

(1) A coherent strategic framework, such as a national green development plan or
strategy, is needed. A strategic framework would enable concerted and systemic action to
be integrated in development policy, planning and implementation across the water-
energy-food security nexus.

(2) Capacity building in biodiversity conservation and natural resource management is
needed across sectors including government, academia, and civil society. Strategies
should include increasing and diversifying training opportunities, expanding academic
curriculum, outreach to communities local to protected areas and the general public,
engaging private and corporate partners, improving communication across and among
sectors, with the goal of institutionalized conservation capacity building within MoECaF
and other ministries for sustainable and long-term capacity building.

(3) Biodiversity databases can help decision makers avoid critical tipping points or
mitigate disasters.

(4) Increase application of science and technology to improve conservation and
management of natural resources, wild life and endangered species. Remote sensing and
geospatial tools are some of the technologies.

(5) In considering transformational technologies for built systems, include materials
using bio-mimicry and nano-technologies.

(6) Sustainable Land Management, SLM, is critical to make progress towards a green
economy. One of the most significant natural capital assets is productive land and fertile
soil. It is central to the nexus that links energy, food, water, and environmental health in
an interdependent loop. It is a vital resource for the provision of essential ecosystem
services such as ensuring food security, regulating hydrological regimes, providing
energy as well as conserving biodiversity, cycling soil nutrients, and storing carbon.

4
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(7) Land use policies should balance community forestry opportunities and high-value
non-timber forest product areas with other options for land conversion.

(8) Reduce negative impacts of waste on public health, air, water and soil, by setting a
roadmap to assist governments and stakeholders to formulate a national waste strategy, as
well as an integrated waste management system at the city level. Some of the main
components of the national waste strategy involve international cooperation on
technology support and capacity building, designing policies and institutional framework
such as an action plan to control water quality, and creating opportunities for options to
turn waste into a resource.

(9) Protected Areas (PAs) are cornerstones of biodiversity conservation, but in isolation
cannot sustain future biodiversity and human communities. The primary sustainability
mechanism is a well-designed PA network, integrating management of land and seascape
sectors.

(10) Promote and support innovative natural resource use such as participatory forest and
mangrove management, indigenous/endemic species restoration, ecological agriculture
and non-tillage farming, agroforestry and multi-cropping agriculture, micro-hydro power
generation, labelling schemes for ecological agriculture products and bio-filtering for
drinking water,

(11) Long term national planning and strategies are needed and must take into account
the fact that small stakeholders are very vulnerable to both climate change and reform
strategies.

(12) Facilitate the decentralization of ecosystem and natural resource use management to
local communities while ensuring macro-level enabling policies and their compliance.

(13) As infrastructure is being built up, there is an imperative need for the public sector
to very consciously make the ‘right choices’ and also ensure that procurement processes
are geared towards procuring high quality and high efficiency technologies. This ‘role-
modeling behavior’ will make a huge impact and serve as a catalyst for much broader
adoption.

(14) Involve government, industry and local community partners as early as possible in
infrastructure projects and provide knowledge & information sharing in multi- directions.

(15) There is an important need for a coordination mechanism between the public, private
and local sector.

(16) Need for Demand-side management planning to better manage the timing of
consumer energy use, public awareness campaigns, setting energy efficiency standards

for buildings and appliances,

(17) Consider an Energy Efficiency Revolving Fund offering credit lines—initially at no
interest—to local banks so that they could provide loans for energy efficiency projects,
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and other business to address the lack of awareness of the benefits of energy-efficient
technologies or the upfront investment challenges for energy efficient projects.

(18) The national Power Development Plan is vital for upgrading the existing grid. It
could be strengthened by including a priority action plan on decentralized mini-grids
powered by renewable energy.

(19) Prepare a Report on key issues on development of BioEnergy , including
establishment of an Energy Farm, and Center of Excellence.

(20) The role of the financial system is central to accompany the green growth, but
changes are needed in the sector to make this happen. It is essential to engage more
representatives from the financial industry (e.g. accountants, bankers, etc.) in upcoming
GEGG Forums.

(21) Myanmar should prepare a comprehensive and holistic capital market development
plan to be implemented in stages over a period of time. It should include: an education
programme for retail investors; developing domestic institutional investors including;
pension programmes, various savings products (e.g. mutual funds), life insurance etc;
establishing strong supporting infrastructure including; adopting international standard
accounting policies and practices, transparent legal and enforcement frame work etc.

(22) Foster enabling mechanisms to encourage responsible companies that invest in
communities and promote sustainable development

(23) Myanmar Chairing ASEAN in 2014 provides an important opportunity to increase
intra and inter-regional cooperation in pursuit of green growth.

(24) Increase Nexus thinking and application that involves interaction between resources,
sectors, actors and scale, strengthen (i) communications: transparency and openness,
fostering trust, (ii) dialogue: ongoing discussions and negotiations between key
stakeholders (as long as one talks, anything is possible), and (iii) governance: rule-based
legitimate political decisions, carried out from capable and recognizable institutions.

The 47 page Final Report with the Agenda and Abstracts; and the Parallel Sessions
Programme with the List of Speakers, their presentation topics and recommendations are
available in the GEGG ( Not for Profit) Association website:
WWW.geggmyanmarassociation.com.
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S. State/Divisio Status of Wind Solar resource Biomass Technolog
No. n Electrification resource (MJ/m?/day) resource Yy option
(m/s)
1 Tanintharyi Poor |y 7-8 15-16 (Average) Evergreen/ Solar-
electrified (Good/Average Deciduous wind
) forest hybrid
Mini-
grids
2 Sagaing Poor |y 3-4 (Poor) 15-17 Evergreen/ Biomass
electrified (Average/Good) Deciduous based
forest/ric Mini-
e husk grids
3 Rakhine Poor ly 7-8 15-16 (Average) Evergreen/ Solar-
electrified (Good/Average Deciduous wind
) forest/ric hybrid
e husk Mini-
grids
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Stakeholder Consultation Workshop on Off-grid Electricity

Access in Myanmar

March 04, 2014,
Myanmar Engineering Society Building, Hlaing Universities Campus
Yangon, Myanmar.

This half-day workshop is being organized as part of the ongoing
research study on off-grid delivery options titled “Delivering energy
access through clean energy in Myanmar - A technical assessment for
off-grid energy supply” . The project is executed by TERI, New Delhi
with support from Institute for Global Environmental Strategies (IGES),
Japan. Myanmar Engineering Society (MES). The objectives of the study
are to:
Undertake a technical feasibility assessment for identifying
alternative technical and delivery model, especially through solar
and biomass energy, for enhancing rural electricity access in
Myanmar ;
Provide a road map and recommend ways and means for disseminating
renewable energy based distributed generation systems and suggest
delivery model(s) and implementation arrangements, taking
experiences from India and South Asia.

The aim of this workshop is to present the findings from the research
study to key stakeholders in the rural electricity sector in Myanmar
and to brainstorm for developing the off-grid electricity sector road
map for the country.
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Program Schedule

09.00 - 09. 30: Registration (with tea/coffee)

10.00 - 10.10: Welcome Remarks - Mr U Win Khaing, President,

Myanmar Engineering Society

10.10 - 10. 30: Presentation on Joint Crediting Mechanism and
Objectives of the study: Mr Kenta Usui, Policy Researcher,

Institute for Global Environmental Strategies (IGES), Japan

10.30 - 11.00: Presentation on the off-grid study and its findings by Mr
Ankit Narula, Research Associate, TERI, New Delhi

11.00 - 12.30: Moderated Discussion

Chair: Dr Win Khaing Moe, Director General, Myanmar Scientific
and Technological Research Department, Ministry of Science &

technology, Union Govt. of Myanmar

Co—-Chair: Mr U Thoung Win, Vice President Myanmar Engineering
Society

12.30 - 13.30: Lunch and Wrap up
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1. Introduction

With a total area of 676, 578 km?, Myanmar is the largest country in Southeast Asia and
borders Bangladesh, India, China, Lao PDR and Thailand. The total population of Myanmar
is around 61 million, spread across seven divisions and seven states. Administratively, the
country consists of 14 states and regions, 67 districts, 330 townsh1ps, 64 sub-townships, 377
towns, 2,914 wards, 14,220 village tracts and 68,290 i
villages. Out of the total population, more than 70%
lives in rural areas. The Gross Domestic Product (GDP)
of the country stood at around US$ 53 billion, which is
estimated to be growing at an annual rate of 5.5% [ADB,
2012a]. Yet the country is a least developed economy in
Southeast Asia and poor performer in most indicators of
economic and social progress [Turnell, 2011]. In 2010,
per capita GDP was about $700, compared to $815 in
Cambodia, almost $1000 in Laos, and more than $4900
in Thailand [Sovacool, 2012]. As per 2013 Human
Development Index (HDI), the country has one of the
lowest human developments with its rank at 149 out of
187 countries [UNDP, 2013a].

With regard to the electricity access situation, nationally
only 49% have access to electricity [IEA, 2012]. The rural
electrification scenario is further dismal, with only
around 28% of the population having access to
electricity. In absolute terms, almost 26 million people
were living without electricity in 2010. Further, the
electricity consumption per capita in Myanmar is also
among the lowest in Asia and had been growing very
slowly since the 1980’s. It grew from 45 kWh per capita
in 1987 to 99 kWh in 2008; however, it is only since 2008
it achieved around 14.7% annual growth rate [ASH,
2012]. Even with this high growth in the last few years,
the estimated consumption in Myanmar is only about
121 kWh per capita as compared to consumption of over
684 kWh per capita in India and nearly 680 in Indonesia, Figure 1.1 Map of Myanmar
as cited by IEA [World Bank, 2013]. While electricity (Photo source: Wikipedia)
demand is growing fast, the current supply is more than

30 % below demand. Myanmar, thus, needs to address its strategic power and rural
electrification sector reform to ensure sustainable access to electricity, which will also be
important to attract investment, an essential element for economic growth.

While Myanmar is reportedly focusing on hydro power and gas based power to boost
energy supply in the country [ASH, 2012], renewable energy, especially solar, wind and
biomass, can play a major role in enhancing electricity access through decentralized options.
As an off-grid solution, its significance in creating energy access is vital for Myanmar that
faces challenges such as geographical constraints as well as limited financing.

With this background, TERI, with support from IGES, Japan aimed to conduct a technical
assessment study, focusing on cleaner and sustainable options for electricity production and

1 teri
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distribution in Myanmar to enhance electricity access especially in the rural areas of the
country.

Objective of the study
Specifically, the objectives of the study as per the Terms of Reference (ToR) are to:

e Undertake a technical feasibility assessment for identifying alternative technical and
delivery model, especially through solar and biomass energy, for enhancing rural
electricity access in Myanmar;

e Provide a road map and recommend ways and means for disseminating renewable
energy based distributed generation systems and suggest delivery model(s) and
implementation arrangements, taking experiences from India and South Asia.

In addition to the above, the study also attempted to explore possible scope of capacity
building support and possibility of engaging Japanese private entities using Joint Crediting
Mechanism (JCM) promoted by Japanese government.

Tasks/scope of the study

The scope of work included a brief review of the electricity infrastructure, identification and
interaction with the major stakeholders playing role in creating enabling environment for
the off- grid electricity system. In this technical assessment, the following tasks were carried
out;

a. Review of past studies/literature survey. Identification of key players in the rural
electrification;

b. Situation analysis of electricity access in Myanmar, including stakeholder discussion;
c. Capacity gap assessment;
d. Data analysis and documentation;

e. Identifying relevant delivery models for enhancing electricity access in Myanmar with
the help of successful case studies from neighbouring Asian countries.

Methodology

Keeping in view of the tasks, a well-defined methodology was adopted to achieve the
objectives of the project. The methodology is described as follows,

a. A comprehensive literature survey was carried out, while referring research papers and
reports published under eminent sources;

b. This was followed by a weeklong mission to Myanmar during 20 -28 November 2013,
where a wide range of stakeholders from the field of energy, electricity and rural
development departments, academia, research institutions, as well as non-government
organization were visited (refer Annexure 1 for the list of stakeholders met). In the same
visit the facts highlighted under literature survey were established. In the course of
interaction, new facts were discovered, along with latest information was registered and
documented.

c. Based on NASA satellite weather database and existing peer reviewed literature solar
and wind energy resources assessment was carried out. The biomass energy assessment

2 feri
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on the other hand was done using secondary literature such as Global Forest Resource
Assessment 2005 of Food and Agricultural Organisation. The data on small hydro power
was taken from available literature from relevant Ministries and Departments in
Myanmar and previous studies undertaken by Asian Development Bank.

The prevalent technology and delivery models from neighbouring countries such as
India and Bangladesh were highlighted, as appropriate for Myanmar.

Based on above information, a road map was developed for enhancing electrification in
Myanmar for off-grid and rural areas.

Report structure

a.

The repost is structured systematically providing a clear background on existing
contours of electricity system in Myanmar and then moving towards devising strategies
for enhancing electrification. The first chapter deals briefly with the background on the
energy and electricity access sector in Myanmar. Besides, the scope of work,
methodology followed and major tasks in this mission are listed in the chapter;

The second chapter describes the existing electricity situation in Myanmar, the policy
frameworks, the structure of the power sector and details on off-grid electrification in the
country;

Chapter 3 provides the details of renewable energy resources, especially solar, biomass
and wind, available in the country. Further, the chapter also highlights the applicability
of renewable energy technologies in specific geographic locations in the country;

Chapter 4 deals with delivery models for enhancing rural access to electricity while
taking examples from neighbouring countries of Myanmar.

The last chapter, enumerate a road map for developing off-grid infrastructure in rural
areas for enhancing reach of electricity in rural areas in the country.
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2. Situation analysis

2.1 Energy access in South Asian region

Access to electricity is one of the preconditions for upliftment of people’s living standards. It
is a critical enabler and economies must secure access to it to underpin social development
and for the overall growth. Energy poverty, however, is widespread causing a primary
security issue impacting almost 800 million people, particularly women and children, in the
developing countries of Asia [Spagnoletti, 2013]. Looking at the ASEAN (Association of
South East Asian Countries) region, there exist large gaps in terms of energy use per capita -
as shown in Figure 2.1. It is apparent that Myanmar and Cambodia have lowest energy use
per capita, whereas Brunei, Singapore and Malaysia has seen consistent growth in their per
capita energy consumption.
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Figure 2.1 Energy use in ASEAN countries
Source: World Development Indicators, World Bank [PIDS, 2013].

For electricity access, Myanmar is standing at the cross roads with approximately 29 million
people were living without access to electricity in 2010 [IEA, 2012]. Myanmar has the lowest
per capita electricity consumption in ASEAN region, (Table 2.1), mainly due to the low
degree of electrification and industrial development in the country [ADB, 2012c].

Table 2.1 Electric power consumption (kWh per capita)

Country 1971 1980 1990 2000 2010
Brunei Darussalam 1754 1699 4355 7577 8723
Cambodia n.a. n.a. n.a. 33 144
Indonesia 14 47 165 395 639
Malaysia 310 657 1146 2720 4136
Myanmar 20 34 43 73 121
Philippines 236 373 361 502 641
Singapore 1155 2718 4983 7575 8307
Thailand 120 291 709 1462 2335
Viet Nam 41 55 98 295 1035

Source: World Development Indicators, World Bank [PIDS, 2013].
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As per United Nations, the threshold of 100 kWh per person per year referred as quantum to
fulfil basic human need - electricity for lighting, health, education, communication and
community services, nine ASEAN members were above the standard in the year 2010 (no
data were available for the Lao PDR at the time of this particular study) [PIDS, 2013].
Whereas in the context to modern society’s needs - electricity usage of around 2000 kWh per
person per year [UN, 2010], only Brunei Darussalam, Malaysia, Singapore and Thailand had
electricity consumption per capita above the standard. Thus, to obtain this level, most of the
ASEAN members, especially Myanmar, need to increase its electricity production
substantially [PIDS, 2013].

Table 2.2 shows electricity access situation in ASEAN region. As per IEA statistics, more
than half of the population living in Myanmar resides in dark, partly reflecting the
difficulties involved in providing access to modern energy services.

Table 2.2 Electricity access in ASEAN region

Region Population Electrification Urban Rural
without electricity rate electrification rate  electrification rate
(million persons) (%) (%) (%)
Brunei 0.0 100 100 99
Darussalam
Cambodia 10.0 31 91 16
Indonesia 63.0 73 94 56
Laos 22 63 88 51
Malaysia 0.2 99 100 98
Myanmar 26.0 49 89 281
Philippines 16.0 83 94 73
Singapore 0.0 100 100 100
Thailand 8.0 88 98 82
Vietnam 2.0 98 100 97

Source: IEA, World Energy Outlook 2012

2.2 Energy and electricity access scenario in Myanmar

In terms of primary energy consumption, Myanmar remains a biomass-centered with a
majority of the households (95 %) depending on solid fuels such as wood and rice husks for
cooking and heating. Most villagers reportedly spend 233 hours a year (about 20 hours a
month) collecting fuel wood that not only contributes to deforestation but also inhibit
household productivity. Dependence on solid fuels is largely due to the fact that 70% of the
country's population lives in rural areas, far away from the reach of the country's national
grid or commercial markets for diesel and kerosene [Sovacool, 2013]. Thus more than two-
thirds (70%) of the households also depend on diesel lamps, batteries, or candles for lighting
(Figure 2.2 & 2.3) [UNDP, 2013c].

! As per government data it is 27% in 2011-12 [MOEP, 2013d]
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Figure 2.3 Nighttime Lights Imagery of
Myanmar

(Source: Image and data processing by NOAA's
National Geophysical Data Center. DMSP data
Figure 2.2 Status of electrification in collected by US Air Force Weather Agency; Cited
Myanmar (Source: Palang Thai, 2013) in Kumagai S, Keola S and Kudoi T. Review on
Myanmar Economy, Bangkok Research Center,
http:/ /www.ide.go.jp

Myanmar has abundant energy resources, particularly hydropower. The hydropower
potential of the country’s rivers, which drain the four main basins of Chindwin
Ayeyarwaddy, Thanlwin, and Sittaung, is estimated to be more than 100,000 MW. However,
less than 10% of the potential has been harnessed [ADB, 2012c]. In the current electricity mix,
major share of generation is of hydro power, contributing around 77% of the total generation
of 10835 GWh in the country [MEPE, 2013]. In order to meet the growing electricity demand
and to have a better mix of electricity generation, Myanmar is also planning to build coal-
fired and gas based thermal power plants [ADB, 2012c].

Further, the peak load demand in Myanmar has escalated from 322 MW in 1990 to 1,533
MW in 2011. At the same time electricity consumption almost doubled between 2001 and
2011 from 3,268 GWh to 6,312 GWh i.e. an increase of around 7% on annual basis during the
last 10 years (Figure 2.4). Notwithstanding, the system still suffers from load shedding,
corresponding to about 1% in terms of energy, but at times exceeding 250 MW or about 15%
of the peak load [ADB, 2012c].
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Figure 2.4 Growth in electricity consumption in Myanmar (Source: MOEP, 2013)

The national power grid network covers only 4.5% of the country's 62,218 villages (Figure
2.4), whereas 23% villages are electrified by off-grid means, leaving 73% villages un-
electrified [Khaing, 2013]. The areas with lowest electrification ratios are: Yakhine (6%), east
of Yangon; Ayeyarwaddy (9%), west of Yangon in the Ayeyarwaddy Delta; and Tanintharyi
(9%) in the southeast [ADB, 2012c]. On the other hand, the urban areas of Yangon City has
the highest electrification ratio (67%), followed by NayPyi Taw (54%), Kayar (37%), and
Mandalay (31%) [ADB, 2013c]. While the average grid access rate was less than 50 villages
per year during the 2003 to 2008, it is now being done rapidly (average 800 villages per year)
since then. As per verbal consultation with MOLFRD during the TERI Mission, it is reported
that 22% of the electrification in the country is through grid electricity, 59% is through diesel
based generators in villages, 10% through small-hydro power, 6% is through biomass
gasifier and only 3% is through solar power. Table 2.3 and Table 2.4 show the status of rural
electrification in the country and Figure 2.5 provides growth of electricity access to villages
through national grid.

Table 2.3 Status of rural electrification (as on Dec 2012)

Number of villages 62,218
Electrified villages (grid connected) 2,765
Electrified villages (off-grid) 14,195
Un-electrified villages 45,258
Per capita consumption 131

Source: MOEP, 2013a; MOEP, 2013b, Khaing, 2013b

Table 2.4 Region wise electrification status in Myanmar

State/Region Total HH Electrification No of Villages
rate (%)
Grid Off- Un-
electrification grid electrified
Chin State 81055 16 - 326 1026
Mon State 340971 31 254 318 628
Kachin State 217309 26 1 283 2295
Shan State (East) 221825 9
Shan State (S) 221825 9 374 786 13424
Mandalay Region 1060762 35 738 189 2313

8 feri
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State/Region Total HH Electrification No of Villages
rate (%)
Grid Off- Un-
electrification grid electrified

Sagaing Region 862616 22 624 3060 2295
Bago Region 1004863 23 309 2070 2416
Ayarwadi Region 1335968 10 343 2992 8602
Rakhine State 527654 6 - 1033 2827
Taninthayi Region 207153 9 573 1611 2588
Kayar State 47514 41 53 42 416
Kayin State 1315439 23 46 79 1938

Source: MOEP, 2013
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Figure 2.5 Growth of electricity access through national grid (Source: MOEP, 2013)

2.2.1 Myanmar’s electricity sector architecture

The four main goals form the basis of Myanmar’s energy policy framework: (i) maintaining
energy independence; (ii) promoting the wider use of new and renewable sources of energy;
(iif) promoting energy efficiency and conservation; and (iv) promoting household use of
alternative fuels. Seven ministries in Myanmar are responsible for energy matters, with the
Ministry of Energy (MOE) as the focal point for overall energy policy and coordination. The
other six ministries are:

i) Ministry of Electric Power

ii) Ministry of Livestock, Fishery and Rural Development
iii) Ministry of Agriculture and Irrigation

iv) Ministry of Science and Technology

v) Ministry of Environmental Conservation and Forestry

(
(
(
(
(
(vi) Ministry of Industry (MOI)
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The Ministry of Electric Power (MOEP) is mainly responsible for electric power generation
from hydro, coal and diesel along with power generation from gas fired power plants. The
extension of transmission and distribution network also comes under the portfolio of MOEP.
Figure 2.6 elaborates the government structure, ministries and various departments who are
responsible for the energy and electricity related matters.

10 m
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The electric utility sector is divided into the thermal and hydro power and the power
distribution sector. Figure 2.7 shows the organization and function of MOEP. Other than
MOERP there are number of other Ministries which form stakeholder fulcrum of electricity
sector. These are Ministry of Agriculture and Irrigation (MOAI) that takes care of
development of biofuels and micro-hydro power; the Ministry of Science and Technology
(MOST), which is responsible for research and development in the scientific fields; the
Ministry of Environment Conservation and Forestry (MOECAF) that looks after the forests,
climate change and environmental standards; Ministry of Industry (MOI), looking after
energy efficiency and approves electrical connections for businesses and industries; and
Ministry of Livestock, Fishery and Rural Development (MOLFRD) that takes care of off-grid
rural electricity access among others.

MOEP
DHPP DEP DHPI MEPE HPGE ESE YESB
Hydropower and Hydropower and _ Hydropower Station and Electricity
Thermal Power Thermal Power Projects Coal-Fired Thermal Plant distribution
Project Planning Implementation Generation (Yangon City)
v v v
GT, Wind and Other Transmission line, Sub-stations, Electricity
Projects Planning GT, Wind Farm Implementation distribution

Small Hydropower Generation

DEP = Department of Electric Power, DHPI = Department of Hydropower Implementation, DHPP = Department of Hydropower
Planning, ESE = Electricity Supply Enterprise, GT = Gas Turbine, HPGE = Hydropower Generation Enterprise, MEPE = Myanmar
Electric Power Enterprise, MOEP = Ministry of Electric Power, YESB = Yangon City Electricity Supply Board.

Source: Ministry of Electric Power.

Figure 2.7 Organization and function of MOEP (Source: ADB, 2012c)

For a coordinated approach in the energy sector the National Energy Management
Committee (NEMC) and the National Energy Development Committee (NEDC) have been
constituted in early January 2012 with all the above mentioned Ministries as the members.
These Committees are responsible for strengthening the coordination and planning among
various departments, ministries and institutions taking care of energy and electricity
development in the country.

Role of NEMC

NEMC is a minister-level committee preceded over by the Vice-President No.2 of Myanmar.
The NEMC Secretariat is composed of staff seconded from the energy-related ministries. The
office functions under the Ministry of Energy. The Cabinet and NEMC represent the
primary decision making bodies on energy and environmental affairs, and their
responsibility is supplemented with the roles that numerous other ministries play. The
NEMC is also responsible for assessing the appropriateness of institutional structure and

12 m
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organizational set up of various energy sector entities, and formulate capacity building
program to fulfil the long term needs of the sector. There are 14 members of the committee
with the Minister of Energy as the Chair and the Vice president as the Patron.

Constitution of National Energy Management Committee

Patron - Vice President P U Nyan Tun -1
Chair - Minister, Ministry of Energy -1
Dy. Chair - Minister, MoEP -1
Members - Union Ministers -6

High Govt. officials -1

Non Govt. officials -2
Secretary - Dy Minister, MoE -1
Joint Secretary - Dy Minister, MoEP -1

Total 14
Role of NEDC

The National Energy Development Committee is to support the activities of NEMC. The
committee is composed of various Deputy Ministers, whose responsibility is to implement
policies and plans formulated by the ministry and approved by NEMC. Besides, EDC also
formulate laws to regulate energy projects and minimize environmental and social impacts,
coordinate public-private-partnerships in the energy sector, setting prices for the purchase
and sale of energy products etc. In addition to the Energy Management Committee, the
Ministry of Energy is the coordinating body for all types of energy in Myanmar, and its
Energy Planning Department (EPD) has overall authority for formulating national energy
policies [WEF, 2013]. The constitution of the NEDC is as follows:

Constitution of National Energy Development Committee

NEDC - Chair - Minister, Ministry of Energy -1
Members - Deputy Minister -5
High Govt. officials -2

Non Govt. officials -5

Secretary - Proposed by Chairman -1

Total 14

Ministries and government bodies taking care of rural electrification

The portfolio of rural development and related activities, including off-grid electricity access
was earlier taken care of by Department of Rural Development (DRD) under the Ministry of
Border Affairs. The role has now been recently transferred to the newly formed MOLFRD.
MOLEFRD ensures the deployment of new technologies, especially renewable energy based
for addressing the basic energy requirements of rural households and the agriculture sector.
The ministry has established a set of guidelines (having nine point agenda) for enhancing
rural electrification in the country. The manner in which MOEERD plans to follow the
development of electrification in rural areas is by forming “Rural Electrification Committee”
which will be composed of local individuals, and linked to the state and or regional
government.

13 %
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Box1: Rural electrification guidelines of MOLFRD

e These guidelines cover roles and responsibilities of regional and state
governments for conduct surveys in rural vicinity and update the relevant
departments and ministry so that effective implementation of off-grid
electrification can be carried out.

e Invitation of supplementary agencies for participation in off-grid
development

e Emphasis on understanding comprehensive design of RE technologies

e Conducting workshops and training for capacity building for distributing
knowledge about electricity among communities

e Development of mechanisms related to implementation and monitoring of
off-grid electrification;

e Development or devising business plan for commercialization of off-grid
electrification technologies etc.

The Ministry of Science and Technology (MOST), which is responsible for research and
development, and ensuring the deployment of renewable energy technologies also plays a
vital role in off-grid power development. Myanmar Scientific and Technological Research
Department (MSTRD), under MOST is the technical arm responsible for implementation
activities and projects. Research on micro-hydropower plants, led by the Ministry and
MSTRD, includes the design and construction of different types of turbines and synchronous
generators for micro-hydropower plants. On the biomass technology front, the development
and installation of bio-gas plant for thermal application as well as for electricity generation
has been undertaken by the department. . MOST has also undertaking research and
development of small-scale gasifier, based on wood-chip and rice husk. These gasifiers are
capable of producing 30-50 kW of electricity for villages in rural areas. MOST has initiated
research and development on biodiesel, including production in pilot plants using Jatropha
Curcas oil. They have installed solar systems to provide electricity to schools and institutes.
To help demonstrate the practicality of this initiative, Mandalay Technological University
(MTU) has installed 3 kWp photovoltaic (PV) power systems in several MOST technical
schools and institutes located in remote areas and without access to the national grid system
[ADB, 2012c]. The Ministry and its research department are also working with other
technical universities in Myanmar for developing skills of youths on various renewable
energy technologies. Apart from this, the department is also involved in establishing
standards and norms for renewable energy equipment.

Besides, there are government linked professional institutions such as Myanmar
Engineering Society (MES), who are helping promote renewable energy sector in the
country and providing necessary technical assistance to other stakeholders for designing
and installation of projects. There are also independent NGOs, such as Renewable Energy
Association of Myanmar (REAM), who are also working extensively to promote renewable
energy activities in the country. Both REAM and MES are actively participating in activities
organized by the Government and private bodies for the development of off-grid power in
the country and enhancing the use of renewable energy technologies.

14 m
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2.2.2 Major electricity policies in Myanmar

Myanmar has setup rules and regulation for enhancing electricity infrastructure in the
country. Some of these policies are:

a. Electricity Act, 1948 (amended in 1967): This act declares the statutory powers and
functions of the state’s electricity boards and generating companies with the goal of
providing the rational use of the production and supply of electricity.

b. Myanmar Electricity Law, 1984: The law requires rational generation, production,
transmission, distribution, and usage of electricity.

c. Private Industrial Enterprise Law, 1990: The law puts a check in order to avoid
environmental pollution in the face of rural development and industrialization, and to
promote the use of energy in the most economical manner.

d. National Sustainable Development Strategies, 2009: It emphases the promotion of
social, economic, and environmental growth and achieve sustainable development.

There are other interventions such as Forest Law, 1992 which besides providing
opportunities for the private entrepreneurs to establish plantations and community
woodlots on the government land - such that they can used for producing energy and
electricity - also safeguard forest (from deforestation), biodiversity and allied constituents.
There is also a Conservation of Water Resources and River Law, 2006 which regulates the
use of water for economic activities such as power generation etc., besides conserving and
protecting Myanmar’s water resources, including rivers for sustainable utilization and
preventing contamination etc. [UNDP, 2013c].

2.2.3 Grid connected power generation status in Myanmar

The total installed power capacity in the country is about 3,614.9 MW (as of 2013) out of
which hydro power contributes to 77% i.e. 2,780 MW and the share of gas and coal is 714.9
MW and 120 MW respectively!. The installed and available capacity of generation plant till
year 2012 is summarized in Table 2.5.

Table 2.5 Installed and available generation, 2012

Installed Firm Annual
Power capacity capacity production
plant (MW)
Hydro 1504
Coal-fired 27 266
Gas turbine 715 427 2845
Total 3495 1958 10835

Source: [ADB, 2012¢c], [MEPE, 2013]

The national target is to grow the power generation capacity to 15,000 MW by year 2020-
21[UNDP, 2013c] and increase the number of electrified households from 27% in 2011-12 to
45% by 2020-21 and 80% by 2030-31 (Table 2.6) [MOEP. 2013c].

I As per MEPE, total installed power capacity in the country is about 3896.05 MW (2013) out of which hydro
power contributes to 71% i.e. 2,780 MW and the share of gas and coal is 996.05 MW and 120 MW respectively

[MEPE, 2013].
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Table 2.6 Long term village electrification plan in Myanmar (Source: MOEP, 2013)

Term Projected Demand Required Target for Electrified
Population Forecast (MW) Generation (GWh) Household

(million) ] (%)

Yr. 2011-12 60.44 1,806 10,444 27%

From Yr. (2012-13) to 63.14 3,078 17,797 34%

Yr. (2015-16)

From Yr. (2016-17) to 66.69 5,686 32,874 45%

Yr. (2020-21)

From Yr. (2021-22) to 70.45 10,400 60,132 60%

Yr. (2025-26)

From Yr. (2026-27) to 74.42 19,216 111,100 80%

Yr. (2030-31)

Source: MOEP, 2013

The government also realizes the importance of renewable energy in enhancing energy
access. Sources of Renewable energy considered in Myanmar includes: small-hydrot, solar
power, wind energy, biomass power - biomass gasification, biogas & biofuels, geothermal,
tidal, and wave [MOEP, 2013a] [MOEP, 2012] [MOE, 2009]. A target of installing 500 MW of
renewable energy capacities by 2015 [Khaing, 2012a], and substituting 8% of transport fuel -
based on consumption in year 2005 - with Biofuel till 2020, has been launched by
government of Myanmar [MOEP, 2012b]. Figure 2.4 and Figure 2.5 shows solar energy and
wind power development and the targets set by government of Myanmar.

2009 2011 2013 [
L]
*0.35 *0.70 MW
MW MW

Figure 2.8 Solar energy installed capacity and targets for year 2016
Source: Khaing, 2013b

120 420 1209

Figure 2.9 Wind energy installed capacity and target install capacity for year 2021
Source: Khaing, 2013b

I The classification of small hydro and large hydro as renewable and non-renewable source of energy is not very
clear in Myanmar, as it is in many other countries like India which puts hydro power plant as renewable source

in case its capacity is less than 25 MW.
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By 2012, the maximum power demand in three major districts: Yangon, Mandalay and Nay
Pyi Taw were 917 MW?, 296 MW and 96 MW respectively. The total was 1850 MW in 2012.
According to demand forecast the demand shall go up to 2128 MW, 2447 MW and 2814 MW
by 2013-14, 2014-15 and 2015-16 respectively? [MOEPa, 2013].

During the summer months (December till March), thermal power plants provide 26.5% of
the demand compared with 73.5% from hydroelectric which become significantly
constrained; whereas during the cooler wet period (June to September), the hydropower
contribution increases to 76.9%. In all cases energy from other sources contributes
marginally. As apparent, during the wet season the hydropower stations are able to generate
at optimum capacity, whereas the grid experience significant load shedding up to 500 MW
during dry season because of unavailability of hydro resource. Further, in case no new
generation capacity is added, the load shedding may increase up to 800 - 1000 MW by 2014
[WEEF, 2013].

The electrification coverage in Myanmar can be accelerated through participation from
private sector. However, currently the guidelines and national energy and electricity agenda
is not very clear. Besides, laws, regulations and grid-codes that are required to promote and
create investor friendly electricity sector are also not laid out clearly. In other words, there is
no structured or recognized Independent Power Producers (IPPs) framework in Myanmar
[Devex, 2014]. MOEP recognizes that private sector participation is inevitable to meet
growing demand and that independent power producers can provide additional generation

and overcome the power shortage, even though the generation costs per unit will be higher
than existing [ADB, 2012c] [ADB, 2013b].

There are some private sector participation coming in, for example General Electric (GE)
from United States , Gunkul and Three Georges Co. are eyeing to install gas based and wind
power generation in the country [The Nation, 2014] [Enerdata, 2012]. Gunkul Engineering
Public Co of Thailand is to conduct the feasibility on building wind mills at seven places in
Mon, Kayin, Tanintharyi region and Shan state to produce 2,930 MW of electricity, while the
Three Georges Co of China is also to do so in Chin and Rakhine states, and Ayeyawaddy
and Yangon regions to produce 1,102 MW of electricity. Similarly, The Green Earth Power
Co Ltd of Thailand is seeking to establish 50 MW of solar power plant in Minbu in Magway
Region [Mizzima, 2013b].

Summary

Table 2.5 summarizes the current level of development with respect programs initiated by
government, along with targets. With this it is apparent that government realizes the
importance of electrification in the country, and that non-conventional means can play a
vital role in achieving it.

I As per another source from MOEP maximum demand in Yangon is 791.69 MW [MOEP, 2013¢]
2 As per another source from MOEP the peak demand in 2012 was 1,790 MW and it'll go up to 2,060 MW, 2,370
MW and 2,725 MW by 2013-14, 2014-15 and 2015-16 respectively, as per the demand forecast [MOEP, 2013d]
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Table 2.7 Current and targets for various programs and development

Current Target
Programs/Development 2008- 2009- 2010- 2011- 2012- 2013- 2014- 2015- 2016- 2021 -
09 10 11 12 13 14 15 16 17 onwards

Myanmar Electrification 13% 13% 26% 26% 26%2 26% DNA DNA DNA DNA

ratel

Village Electrification DNA DNA DNA DNA 3,152 3,575 4,116 4,793 DNA DNA
Plan from MOEP3

Solar energy installed 033 035 066 070 DNA DNA DNA DNA 50 DNA
capacity and targets* MW MW MW MW MW

Wind energy installed DNA DNA DNA DNA DNA 120 DNA DNA 420 1209
capacity and target> MW MW MW

DNA: Data Not Available

1 Source: REN21, 2013

2 According to government data it is 27%, whereas IEA quotes it 28%
3 Source: MOEP, 2013a

4 Source: Khaing, 2013

5 Source: Khaing, 2013

Transmission & distribution

The transmission and distribution scenario in the country is poor having one of the highest
losses in Southeast Asia (figure 2.6). The network is mainly spread over central region of the
country as shown in figure 2.7. The power generated is transmitted to the cities, which
mainly cover central region up till Mandalay, covering Nay Pyi Taw, Yangon and adjacent
zones, leaving other parts of the country. The main isolated regions include Rakhaing,
Kachin, Shan, Mon and Taninthary.

The development and implementation of transmission network is done at 33 kV, 66kV,
132kV and 230 kV. Distribution systems consist of lower voltage levels — 33 kV, 11 kV, 6.6
kV, and 0.4 kV. Two distribution enterprises operate the distribution systems in the country.
The Yangon City Electricity Supply Board (YESB) is responsible for the supply of electricity
to consumers in Yangon City. The Electricity Supply Enterprise (ESE) covers the rest of the
country comprising 13 states and regions.
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Figure 2.10 Electric power transmission and distribution losses (per cent of output)
Source: World Development Indicators, World Bank (PIDS, 2013)

18 m

147



(5EEH6 RITREREE]

2. Situation analysis

Electricity tariff

Electricity cost in the country is highly subsidized. There are two categories of electricity
tariffs:

1. 35 kyats/kWh for general purpose (households), street lighting, government offices, and
low-voltage temporary users; and

2. 75 kyats/kWh for domestic power, small power, bulk (for >30 kW supplied at 33 kV),
and high-voltage temporary users [ADB, 2012c].

As per discussions with stakeholders the government acknowledges the low cost of
electricity supply and had tried to raise the prices; however the decision had to be rolled
back due to agitation and mutiny from civilians. The government is trying again and very
soon publish the escalated prices in public.
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Figure 2.11 Existing transmission network in Myanmar (Source: Ministry of Electric Power

(MOEP), September 2011 [ADB, 2012c]).
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Major challenges in existing grid connected power system

It is apparent that the electricity system in general is evolving in Myanmar. Besides, there
are areas where urgent steps are required in order to have a sound power system. Following
points throw light on a few such areas which were pointed out in literature as well during
discussions with key stakeholders during the Mission. .

a. At present there is no framework, regulations or guild lines in place for establishing IPPs
in the power sector in Myanmar. The obvious advantage of IPPs is the opportunity they
offer for private sector players to have a market presence at a lower risk [WEF, 2013].

b. During the dry season, the generation capacity from hydro power drops off due to
insufficient water storage in the reservoir.. The consequence to it is the brown outs or
load shedding. This is due to skewed electricity generation mix in the country,
dominated by hydro power generation.

c. Intheory, Myanmar has more than adequate capacity to deal with peak loads. However,
inadequate maintenance, lack of investment to upgrade gas and coal power plants, and
poor compression in the gas pipelines has made the operation of the gas and coal-fired
plants at a significantly lower level than their potential capacity.

d. The national electricity grid reaches only to a small percentage of the population besides
suffering from high transmission and distribution (T&D) losses and conductors and
transformers are overloaded, resulting in high system losses (27%). This is largely due to
poor maintenance of the T&D systems and extensive electricity theft [WEF, 2013].

Off-grid electrification

In light of the above challenges in expanding existing grid system and further challenges of
lack of finance, geographically inaccessible villages and limited capability of the government
in expanding the electricity infrastructure, off-grid electrification provide a huge potential to
provide electricity access to all in Myanmar. As mentioned in the earlier section, more than
29 million people out of 60.6 million still do not have access to electricity in the country and
a majority of them are potential off-grid customers. Currently, off-grid electrification in
Myanmar is promoted both by the government as well as private sector and individual
efforts. The paragraph below elaborates different type of interventions:

Government led off-grid installation

Government of Myanmar realizes the importance of off-grid means for carrying out
electrification in the country. As per MOEP, Off-grid electrification that has been carried-out
by government in the country is mainly through diesel generators and small/mini hydro
power [MOEP, 2013b].

The following are the details of the off-grid electrification projects undertaken by different
government agencies in Myanmar:

a. Small/mini hydro power: As per government data, 32 small and mini-hydro plants have
been installed by Electricity Supply Enterprises (ESE) generally ranging between 1 MW
and 10 MW in capacity - all of which have been built by the government outside the grid
system supplying electricity to the rural areas. They have a combined capacity of 33,327
kW. In addition to these 32 hydropower stations, another 17 mini hydro facilities with
about 5.23 MW of capacity, 29 micro-hydro facilities constituting 378.5 kW of installed
capacity and 6 pico-hydro facilities with 35 kW of combined capacity is also functional.
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There also exists sites significant micro hydro potential in the country which could be
utilized to generate electricity for micro-grids consisting of 50 to 200 homes or in cases of
pico-hydro facilities a few interconnected homes. There are also mini hydropower plants
installed by irrigation department in the water supply canals/dams, especially in the
central and southern region of Myanmar, which reportedly produce around 870 kW of
electricity [Khaing, 2013b].

b. Diesel generation: A network of 645 diesel generators have been installed by MOEP in
various regions, electrifying 312 numbers of villages, cumulatively forming an installed
capacity of 77.611 MW [MOEP, 2013b]. These generators are controlled by the regional or
state government authorities. Most of these generators are either under/over loaded or
runs inefficiently, and many times their operation is constrained due to un-availability of
diesel.

c. Biogas: Myanmar is an agriculture based economy. People keep animals like cows and
other animals especially in the Mandalay, Sagaing, and Magway divisions for milk etc.
In order to use the waste generated by these animals and to get biogas which can be
utilized, Myanmar government has been running a program since 1980 for using biogas
for power generation as well as thermal energy. The total power generating capacity,
based on biogas, installed in the country is around 19 MW [UNDP, 2013c]. MOST has
set-up 153 bio gas plants for thermal purpose till 2010 in Sagaing, Tanintharyi and
Mandalay region in Myanmar. In addition, a total of 867 family size floating type biogas
plants, have been constructed in 134 townships in all 14 States and Regions for thermal
application [Khaing, 2012].

d. Solar and wind energy: As per MOEP & MOLFRD, small scale off-grid units which
include 116 kWp of solar energy and 519 kWe of wind energy have been installed till

2009 [MOEP, 2013b]. Some of the pilot projects being implemented by the universities
and MSTRD are as follows:

e Solar Photovoltaic Battery Charging Community Enterprise, financed by the Energy
Services and Income Generating Opportunities for the Poor (Project “ENSIGN”), in
collaboration with Yoma Bank and Energy Planning Department of the Ministry of
Energy;

e Demonstrative Research on a Photovoltaic Power Generation System in Myanmar, in
cooperation with NEDO of Japan and the Department of Electric Power of MOEP
and Solar Power Village Electrification Scheme, with research and development of
solar equipment prototypes, supported by the Myanmar Scientific and Technological
Research Department and the Department of Physics of the Yangon Technological
University;

e  MOST has begun providing electricity to schools and institutes by using solar energy.
To help demonstrate the practicality of this initiative, Mandalay Technological
University (MTU) has installed 3 kW PV power systems in several MOST technical
schools and institutes located in remote areas and without access to the national grid
system. For each school, there is enough power to supply 10 computers, one
overhead projector, IPSTAR internet equipment, and 10 fluorescent lamps.

e There are some small capacity demonstration wind turbines operational in Myanmar,
including at the Technological University (Kyaukse), Shwetharlyoug Mountain in
Kyaukse Township, the Government Technical High School (Ahmar) in
Ayeyarwaddy region, and Dattaw Mountain in Kyaukse Township. In addition,
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research and development projects on wind energy are being undertaken at the
Yangon University and Department of Electric Power in cooperation with the New
Energy and Industrial Technology Development Organization (NEDO) of Japan.
Further, NEDO has assisted in installing wind and solar measuring equipment at
several sites, to collect data and to conduct feasibility studies for wind-solar power
hybrid systems

Private enterprises or individual interventions

There are many plants in rural areas which have been set-up and being operated by private
organisations. These plants generate electricity by various technologies such as hydro, solar
and biomass gasifier, and supply power to households and businesses in the local area.
However, there is limited data available in literature as well as with the government about
the number of such plants operating in the country, leaving them majorly un-accounted. All
the privately installed plants operate on use-and-pay or on lump-sum payment bases.

Various technologies used by private generators and individuals and their status is
described below:

a.

Diesel generators: The government recognized that a large number of private diesel
generators are operational in the country for electrification in villages [MOEP, 2013b].
No record is however, available with the government as of how many are there or what
is the total capacity of these private generators. These generators set-up mini-grids and
supply electricity to the households, as shared by key stakeholders during discussions
with TERI team.

Hydro power: There are a large number of installations, mainly small, put-up by private
enterprises or villagers. These mini-hydro power plants are installed at the drop
structure that require a flow rate to operate turbine as small as 0.1~ 0.5 m3/sec which has
enough water head and flowing water rate to generate hydro power. Mostly Propeller
type turbine are selected for low head plant i.e. working head is around 1.0 ~ 2.0 m
[MOEP, 2013a]. Another approach being used to provide electricity supply is through
pico-hydro unit (1-3 kW) based village electricity supply, implemented by wealthy
farmers, especially in the southern delta as well as north-eastern hills. These systems
supplies electricity to around 10- 15 households for lighting. Those who want to operate
TV-sets bring car-batteries to the farmer’s house for charging during day-time. These
pico-hydro units, ranging from 2 kW to 5 kW, are sold by the Chinese traders in the
north and eastern regions bordering China at around $70 to $450.

Solar power: Solar resource is quite abundant in the country especially in the dry region
which occupies the northern part of the Myanmar. Many electrification projects which
include solar home systems, battery charging, water pumping, solar systems solution for
schools, hospitals, resorts and hotels etc. have been installed in Yangon, Mandalay, Bago,
Sagain, Mon, Shan, Ayarwaddy etc. The most common found in the villages is the 50 Wp
and 75 Wp solar home systems, available at US$ 300 and US$ 500 respectively. The
75Wp systems combined with a 120 ampere battery can power three 20-watt lights and a
television set for about four hours, while a 50 Wp panel with a 70 ampere battery can
power three 10-watt lights and a television set for about three hours. There are also some
solar mini-grids installed for supplying electricity to houses in villages. Many companies
such as Earth Renewables, Sunlabob, Bennu-Solar, Proximity Designs etc. are operating
in the country, which supply solar PV systems including solar lanterns and solar home
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systems. No exact data, however, is available as of how many solar systems or capacity
has been installed in the off-grid areas.

d. Biomass gasifier based power generation: There are 1,096 numbers of biomass gasifier
installed for electricity generation till December 2010, as per statistics from the Ministry
of Information, Myanmar [Khaing, 2012a]. These biomass gasifiers use either wood chips
or rice husks, and are used for village electrification as well as for industrial purposes.
The total biomass based installed capacity is around 19 MW [UNDP, 2013c] [MOEP,
2013b].

Table 2.8 Biomass Gasification based power generation systems (up to Dec 2010)

Sr.No Region (State & Region) Number of Plants
1 Kachin State 45
2 Kayah State 1
3 Kayin State 8
4 Chin State -
5 Rakhine State 17
6 Mon State 35
7 Shan State 62
8 Bago Region 85
9 Sagaing Region 208
10 Tanintharyi Region 9
11 Magway Region 47
12 Mandalay Region 502
13 Yangon Region g
14 Ayeyawady Region 74
Total 1096

Source: Ministry of Information cited in Khaing, 2012a

Donor funded projects

Other than government and private led installation there are rural electrification projects
supported bilaterally or multilaterally by organizations such as ADB, UNDP, UNIDO etc.
Many of these projects are based on renewable energy technologies including hydro power,
solar PV and biomass gasifier. Particularly solar PV based projects are more in number.
Many plants are operated based VECs (Village Electrification Committeel) model [MOEP,
2013a]. These projects are only partially recognized or registered by the Myanmar
government authorities. For instance, one of the solar PV installer, M/s Earth Renewables,
shared that they have undertaken installation of many such projects in Sagaing, Mandalay,
Ayarwaddy, Shan & Mon region with funding support from Korea, Japan and other bilateral
aid.

1 A VEC is a community driven model in which rural community plays an important role as a power
producer, distributor and supplier of electricity. A VEC, which is made out of beneficiaries, are also
responsible for selection of consumers, planning for the distribution networks, tariff setting and
revenue collection.
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Market and cost of renewable energy interventions in Myanmar

It was gathered during the stakeholder’s consultation that market penetration of solar PV,
biomass gasifier and hydro power is quite descent in Myanmar. This means that there are
good number of suppliers and installers doing business in these technologies. In case of
solar PV it was informed that rural communities are well aware about the solar PV
technology and there is sufficient influx of rural populations buying such systems for
installing in houses or for doing business in the villages. The solar PV panels available in the
markets are mostly of Chinese make; however, panels are also imported from Japan and
South Korea but the volume of business is comparatively less. It is reported that more than
40 companies in Myanmar are importing solar panels and related products, mostly from
China [Vanderschelden, 2013]. Companies of solar PV products doing business in Myanmar
include Myanmar Thiha Group of Companies, Earth Renewable Energy Co. Ltd., Smart
Group of Companies, Asia Solar Co. Ltd., Nayminn Energy Systems, etc. Various foreign
companies doing business in Myanmar includes Ever Exceed Corporation (Singapore),
Leonics/Leo Electronics Co. Ltd. (Thailand), Hitachi High-Technologies Corporation (Japan),
Kyocera (Japan), Eversolar (Taiwan), Hyundai (Korea) etc. The price of solar PV panels is
quite at par with prevalent the international prices in south and south east Asia, which is
around 1$/Wp for modules sold by Chinese suppliers and around 2%/ Wp for the modules
from Japanese and Korean companies. As apparent, Japanese and Korean solar panels come
at high cost, but their performance is acceptably better, besides, warranties are also available,
as shared during consultations with some of the local companies dealing on solar panels. On
the other hand there are concerns about the solar panels imported from China, which
experts believe are not reliable and/or sustainable [Evwind, 2013]t.

Tariff of renewable energy projects

The electricity charges paid by consumers in the off-grid areas are highly variable and
different for government and private generators. The tariff vary depending on the type of
generator i.e. diesel or other means (e.g. solar, mini-hydropower etc.) and ranges between
100 kyats/kWh and 300 kyats/kWh for government generators [ADB, 2012c]. Whereas, the
electricity tariff charged by private enterprises not only varies from region to region but also
are based on the type of generation technology. For example, the charge of electricity
supplied through diesel generator reportedly ranges from 200-300 kyat per kWh or 2000
kyat per point per month in villages. The electricity generated through gasifier is supplied at
200 -700 kyat/kWh or 1000 kyat per month for energizing 20 W light point for 3 hours a day.
On the other hand in Rakhine state in the north-western region of the country, a private
company supplies electricity in 16 townships (out of 17 townships) at a rate of 500 kyats per
kWh, which is almost 14 times the cost in Yangon [Mizzima, 2013].

Challenges in renewable energy based off-grid electrification

It is apparent that there is an urgent need of electrification of off-grid areas in Myanmar and
renewable energy stands out as one worthy means to do so. However, there are technical
and non-technical challenges for implementation off-grid electrification in the country as
described below:

a. Institutional challenges: The institutional framework in Myanmar for rural
electrification is new and very complicated. Around seven Ministries have a bit of role in
off-grid electrification and there is less communication and coordination amongst them.
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The newly formed rural development ministry - MOLFRD - which has a principal role
in rural electrification is currently engaged in building the framework, which it can
establish such that electrification task can be taken up by local government machinery.
As apparent it is a complex and time taking task which government realizes and doing
its effort to sail through. Moreover, the ministry also needs to engage itself in developing
proper electrification programs, rules, guidelines, regulations, along with methodologies
for monitoring the development which is yet to be formulated. These are very important
in order to erect a sound and sustainable system. Overall, it was established that not
much emphasis has been given to small scale solar and wind based power generation.
Further, it was found that there is absence of flow of information in the system. For
instance the government isn’t fully aware about installations facilitated or funded by
organizations like UNDP, UNIDO etc.

b. Financial challenge: There are financial challenges in terms of limited funds available
with the government for developing grid infrastructure or invest in physical
infrastructure to electrify villages with off-grid technologies like solar, biomass gasifier
etc. Limited financial capital available to support for research and development, market-
based investment programs etc. Due to subsidized power and petroleum prices, it makes
difficult for wind and solar energy alternatives to compete [ADB, 2012c]. The country
also have very low power tariff, especially for urban consumers and incurs high
transmission and distribution losses. This impact the fiscal health of the utilities and
hence, the government in a dual manner. In addition, absence of capital subsidy schemes,
interest subsidy/waver schemes etc. which are useful and important for enhancing
deployment of Renewable Energy for off-grid electrification, are currently absent.

c. Technical challenges: Due to recently opened market and new and rapid development,
the government hardly has been able to develop rules and regulations related to
technologies. There are less codes and restrictions. The consequence of it was random
and unsustainable introduction of technologies and usage. For example in case of
biomass gasifier it is only recently the government was able to control and restrict
implementation which was hampering environment due to haphazard dumping of the
waste water from the gasifiers; which calls for technology upgrade. Similarly, there are
hardly any rules for solar PV instruments and machines. Then there is a lack of human
resource capacity available for implementation of off-grid measures, especially using
renewable energy technologies. Furthermore, there is hardly any onsite measured
renewable energy resource data which is very essential and important for renewable
energy development.

Inference

The development of electricity infrastructure in Myanmar has been low, with only small
percentage of the country connected to grid, mainly central portion covering region/states
like Bago, Mandalay, Yangon, Mon, etc. With respect to future plans, MOEP will expand the
grid in other areas. Out of 3,614.9 MW of installed capacity, the share of hydro power is
maximum (77 %), followed by coal and gas based power. In summer season, due less hydro
resource and incremental demand, power shortage occurs. In order to avoid that more
thermal generation is being planned.

The electrification ratio in the country is lowest in Rakhing. Ayeyarwady, Tanintharyi, Chin,
Kayin etc. and highest in Yangon, Mandalay, Naypyidaw (Union Territory), Kayar etc. In
off-grid areas the electrification, participated by both government and private, is done
through a network of diesel generators and small hydro plants. Renewable energy
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technologies mainly solar and biomass gasification (rice husk based) are predominantly
used in off-grid areas. Many donor funded projects are installed mainly based on solar PV,
apart from a few installed by government. The equipment for solar PV, especially panels are
mainly imported from China, Japan and Korea. The cost of Chinese panels is quite low and
competitive to the international rate; however there are concern about its quality and
performance amongst the stakeholder.

The electricity tariff for grid based power is low - 35 kyats/kWh for domestic and 75
kyats/kWh for bulk consumers - and almost constant in all the areas. Whereas, electricity
tariff in off-grid areas is between 100 to 300 kyats/kWh for government generators. The
tariff for privately generated power distributed amongst rural consumers - either based on
renewable or conventional generated power (mainly diesel) - is high and variable ranging
between 700-1000 kyats/kWh.
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This chapter discusses the availability of renewable energy resources in Myanmar. It mainly
talks about solar and biomass energy potential in the country and briefly explains small &
micro hydro and small wind potential in different parts of country. However, potential
assessment of other renewable energy resources such as; geothermal energy, tidal energy,
wave energy, large hydro etc. has not been ascertained. as they are beyond the scope of
work. Since, historical ground measured weather data for Myanmar is not available, data
from secondary sources such as NASA satellite weather database and various research
publications from peer reviewed journals have been used for resource assessment in
Myanmar.

The NASA weather data for solar and wind energy resource assessment has been generated
using the NASA Goddard Earth Observing System - Version 4 (GEOS 4) Multiyear
Assimilation Time series Data. The GEOS 4 data set has a spacing of 1.25 degrees of
longitude by 1 degree of latitude. Bilinear interpolation is used to produce 1 by 1 degree
regions. NASA's global satellite/analysis solar and wind resources data are reliable data sets
which can be used for the preliminary feasibility assessment of any project.

3.1 Solar energy

Due to the geographical position of Myanmar between the tropic of cancer and the equator,
most of its territories receive abundant and reliable solar radiation all the year round. The
annual average daily solar radiation in most of the locations in Myanmar varies between 4.4
- 5.2 kWh/m?2/day (Janjai et. al. 2013 and NASA Satellite Weather Data; Table 3.1). Figure
3.1 shows the distribution of solar radiation across Myanmar, according to which 36% of the
total area receives annual solar radiation in the range of 5-5.3 kWh/m?/day, whereas, there
are only few areas which receives less solar radiation (<4 kWh/m?/day). This indicates that
most parts of Myanmar receive relatively high solar radiation [Khaing, 2013b]. The radiation
is almost similar to that received during summer months in India and Japan and about 1.7
times higher than Germany, the countries considered aggressive in implementation of solar
PV installations in the world.

40
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SOLAR RADIATION (MJ/m?2-day)

Figure 3.1 Distribution of solar radiation with respect to percentage of the area Myanmar

Source: Khaing, 2013b
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Table 3.1 Solar radiation at different locations in Myanmar

Location Latitude Longitude Daily solar radiation-
(°N) (°E) horizontal-annual average
(kWh/m?day)
Central region
Bago 17.3 96.5 4.86
Mandalay 22 96.1 512
Meiktila 20.9 95.9 5.18
Maymyo 22 96.5 49
Myingyan 21.5 95.4 511
Pyinmana 19.7 96.2 515
Rangoon 16.8 96.2 4.7
Taunggyi 20.8 97 4.98
Thayetmyo 19.3 95.2 514
Toungoo 19 96.4 5.02
Yamethin 20.4 96.1 5.14
Yenangyaung 205 94.9 4.84
Northern Myna
Northern region
Falam 229 93.7 4.81
Katha 242 96.4 4.44
Lashio 23 97.7 477
Mawlaik 23.6 94.4 4.45
Monywa 221 95.1 4.89
Myitkyina 254 97.4 442
Southern region
Bogale 16.3 95.4 4.76
Hinthada 17.7 95.5 4.8
Mawlamyine 16.5 97.6 4.67
Mergui 125 98.6 5.02
Ye 15.3 97.9 4.82
Eastern region
Kyaikto 17.3 97 4.81
Western region
Akyab 20.1 92.9 4.79
Arakan 18.5 94.4 491
Keng Tung 21.3 99.6 4.86
Pathein 16.8 94.7 4.96
Pyay 18.8 95.2 4.94

Source: NASA Weather Database

In Myanmar, peak and off-peak solar radiations are observed in the month of April and
August. Seasonally, solar insolation intensity slowly decreases from April to August and

then again increases. Regionally, central part of Myanmar receives the highest solar

radiation. Except some locations at Northern peak of the country, all other locations receive
good amount of solar radiation. (Figure 3.2 & 3.3). The potential available solar energy of
Myanmar is around 51973.8 Terawatt-hour per year.
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Figure 3.2 Geographical distribution of Figure 3.3 Geographical distribution of
monthly average global solar irradiation yearly average global solar irradiation
Source: Janjai et. al. 2013), 1 kWh = 3.6 M] Source: Janjai et. al. 2013), 1 kWh = 3.6 M]

e Most of the territories of Myanmar receive an abundant and reliable solar radiation all the
year round.

o Potential for 4.4 - 5.2 kWh/m2/day of annual average daily solar radiation in Myanmar.

e Immense opportunity for Solar-Biomass-Hydro hybrid projects.

3.2 Biomass energy

With abundant biodiversity and rice dominating agriculture sector, Myanmar remains
biomass rich, with traditional biomass meeting 75% of the country’s primary energy supply.
This is because more than 70% of Myanmar’s population lives in rural areas. Out of the
significant primary energy supply, wood alone accounts for more than 90% of the share
which is sourced from forests (Figure 3.4).
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Figure 3.4 Fuel wood consumption data for Myanmar
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Further, 322,220 km? area in the country is covered with forest amounting to almost 49% of
the total land areal. As per Global Forest Resources Assessment 2005 published by the Food
and Agriculture Organization of the United Nations, 100% of forest area is publicly owned
and around 77% of the forest can be used for production purposes. The balance is for
conservation or reserve forests. The FAO study highlights that the forest and the other
wooded land in the country is depleting at the rate of 1.4%. The growing stock is 2,740
million m3. Of the total growing stock, lops and tops and other wood wastes obtained from
the forest and other wooded land can possibly be used for energy generation. Using the
Van-Montal’s formula (Equation 1), annual forest biomass yield in the country is estimated
at around 54.8 million m3. Assuming 20% of total biomass yield as extractable, and
subtracting the amount of fuel wood consumption in the country, it is estimated that there is
a potential for about 300 - 400 MW power generation from the woody biomass.

Van-Montal’s formula:
Annual Forest Blomass¥ield = (2 » Growing Stock)fiRotation Age)............. Equation 1

The major forest types in Myanmar are mixed deciduous, hill and temperate evergreen and
tropical evergreen. Other forest types are dry, deciduous indaing forest and tidal, beach,
dune and swamp (Figure 3.5).

! Global Forest Resources Assessment 2005 published by Food and Agriculture Organization of the United

Nations
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B Mixed deciduous

M Hill and temperate
evergreen

B Tropical evergreen

N Dry

m Deciduous indaing
forest

W Tidal, beach, dune
and swamp

Figure 3.5 Forest types and their percentage shares in Myanmar

Source: Planning and Statistic division, Myanmar

Apart from forest resources, the Myanmar Engineering Society has calculated considerable
resource potential for lumber waste, bagasse, molasses, and livestock waste as well,
numbers shown in Table 3.2.

Table 3.2 Biomass energy resources in Myanmar

Type Quantity
(million ton/year)
Rice Husk 440
Lumber waste 1.50
Bagasse 2.10
Molasses 0.24
Livestock waste 34.4

Source: MES, 2012

Because rice is the major agriculture produce in the country, 21.6 million tons of rice husks
from milling each year could potentially generate 4.4 million metric tons of fuel, which can
possibly also be used for power generation [MES, 2012]. If 20% of total rice husk is available
for power generation, there is a potential for 60 - 70 MWe capacity of power generation.

Using similar assumptions, lumber waste has a potential for 15 - 25 MWe, Bagasse has a
potential for 25 - 35 MWe, and Molasses has a potential for 1 - 1.5 MWe power generation
capacity in the country. Apart from these biomass resources, there is also huge amount of
livestock waste available in the country which can possibly be utilized for power generation
using the bio-methanation route. A study by NEDO also estimated that 18.56 million acres of
land in the country could generate residues, by-products, or direct feedstock for biomass
energy and 103 million heads of livestock could generate animal waste for biogas. This data
was estimated by NEDO in 1997 and published in 2005 by Energy Planning Department,
Ministry of Energy.

Most of the regions in Myanmar are covered with different kind of forests except some
regions in central part of Myanmar (Figure 3.4). Thus, wherever solar or wind resource is

33 M

161



(5EEH6 RITREREE]

Delivering energy access through clean energy in Myanmar - A technical assessment for off-grid energy supply

there in the country, there is an immense opportunity for either solar/wind - biomass hybrid
or solar-wind-biomass hybrid based power projects.

e Myanmar is rich in biomass due to dominating agriculture sector and forest resources,
spread all over the country except few places in central region.

e About 1,000 MW of power generation potential from the available biomass resources.

e Immense opportunity for solar/wind - biomass hybrid and solar- wind-biomass hybrid
power projects.

3.3 Wind energy

Wind energy is abundantly available in the hilly regions of Chin and Shan States, western
part, costal region and some central parts of Myanmar. Wind energy has only been
implemented as an experimental phase and this was mainly attributed to field test works by
NEDO. Besides, feasibilities studies have also been conducted by two companies and they
have found the overall potential in (a) Mon state, Kayin state, Thaninthayi region, Shan state,
Kaya state is 2930 MW, and (b) Chin state, Rakhaing state, Ayeyawaddy region and Yangon
region is 1102 MW [MOEP, 2012a]. Similarly, as per an independent research, wind energy
in selected regions in Myanmar can yield up to 360.1 TWh per year of electricity [Kyaw et.
al., 2011].

Yearly average wind velocity in selected cities is given in Table 3.3. For this study, we have
taken wind resource data from two sources, NASA and secondary literature (Kyaw et. al.,
2011) to validate the variability factor in different data sets. We found that, there is a
variation in the wind speed data from one data source to other for few locations. As wind
technology in Myanmar is in the experimental phase, Myanmar govt. should take initiatives
for installing weather stations to measure wind speed, wind direction and solar radiations
(global, direct and diffuse) at different locations in Myanmar. Wind speed data given below
can be used for any preliminary techno-economic assessment however, ground measured
wind speed data is required for actual estimation of power generation.

Table 3.3 Yearly average wind velocity in selected cities

Wind speed (m/sec)
Kyaw et. al., NASA data

Location _ 2011 (measured at 10m)
Central region
Bago 1.1 24
Henzada NA 2.6
Magway 1.5 NA
Mandalay 2.3 22
Meiktila 4.8 24
Pyinmana NA 25
Rangoon 25 25
Thayetmyo NA 2.6
Yenangyaung NA 2.7

Northern region
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Wind speed (m/sec)
Kyaw et. al., NASA data

Location 2011 (measured at 10m)
Hakha 4 NA
Homalin 1.6 NA
Lashio 0.3 22
Monywa 24 22
Myitkyina 1.3 NA
Southern region
Dawei 0.7 NA
Hpa-an 1.9 NA
Mawlamyine 2.3 2.5
Mergui NA 3.7
Ye NA 3
Eastern region
Loikaw 1.7 NA
Western region
Akyab NA 42
Arakan NA 3.1
Kyaukpyu 1.9 NA
Pathein 22 29
Pyay NA 2.7

The annual average wind speed in most of the locations in Myanmar varies in between 2 -
4.2 m/s at 10 m height as per NASA Satellite Weather Data (Table 3). The Department of
Electric Power (DEP) and Ministry of Electric Power in cooperation with NEDO, Japan
constructed Meteorological Observation Stations and installed Wind and Solar measuring
equipment at some sites.

It can be observed from Table 3.1 and Table 3.3 that there is a potential for solar and wind
hybrid power plants in the South-West region of Myanmar. For instance, Akyab, Arakan,
Mergui and Ye locations are blessed with both solar and wind resources. There is a potential
for small wind turbines in these locations.

o Wind energy in Myanmar is abundantly available in the hilly regions of Chin and Shan
States, western part, costal region and some central parts of the country.

e Average wind speed in most of the locations varies in between 2 - 4.2 m/s at 10 m hub
height. Literature says there is a potential for 360.1 TWh per year.

o Potential for Solar-Small Wind Turbine hybrid power projects in Akyab, Arakan, Mergui
and Ye.

3.4 Small and micro hydro power

Myanmar is topographically endowed with abundant hydropower resources due to
numerous river systems that run throughout the country. The World Bank estimates a figure
of more than 100,000 MW out of which MEPE has identified 267 sites with a total generating
capacity of 39,624 MW. However, existing hydro power stations contribute only 320 MW
and hence only 1% of the total capacity has been utilized (Kyaw et. al., 2011).
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The small hydro power which is recognised with capacity below 10 MW has a total potential
of 196.7 MW. The micro-hydro power alone has a potential of 28.8 MW through 101
numbers of projects explored by the Ministry of Electric Power (2006). Besides this, the
potential of large hydro (>10 MW) is 34,568 MW. This immense potential in the country, if
harnessed would bring sufficient quantum of electricity at an affordable cost.

Table 3.4 Micro hydro and small hydro potential in Myanmar

State and Micro hydro capacity Small hydro capacity
division (1 kW to 1 MW) (1 to 10 MW)
Number Projects Number  Projects capacity
of projects capacity (MW) of (MW)
IIIIIIIIIIII projects
Kachin State 17 5133 14 48.18
Chin state 11 3.48 2 2.8
Shan state 35 10.64 24 63.9
Sagaing state 5 0.806 3 13.3
Mandalay 3 0.65 2 6.25
division
Magway division 1 0.1 2 11
Rakhine state 6 1.915 = =
Kayah state 2 0.158 - -
Bago division 4 1.89 - -
Kayin state 3 0.864 1 3
Mon state 5 1.248 - -
Taninthayidivison 9 1.706 2 19.5
Total 101 28.787 50 167.93

Source: MOEP, 2006

Maximum hydro potential is in the Shan state which is situated at Eastern part of Myanmar.
Kachin and Chin states situated at North and West part of the country also have good
amount of hydro resources. As mentioned in Table 4, hydro resource is distributed all over
the country thus, there is huge potential for hydro and solar or wind or biomass based
hybrid power generating systems.

e Myanmar is topographically endowed with abundant hydropower resources due to
numerous river systems that occurred throughout the country.

e Potential for 29 MW micro-hydro and 168 MW small-hydro projects.

e Huge potential for Hydro-Solar/Wind-Biomass hybrid power projects.
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In this Chapter, some relevant technology and delivery models are presented covering solar,
biomass and small wind, which are prevalent in South and South East Asian countries.
These models may also be relevant for Myanmar with some customization appropriate to
the local conditions in Myanmar.

4.1 Decentralized technology options

A decentralized energy systems is characterized by energy production facilities closer to the
site of energy consumption. This means that the electric energy only needs to be transported
over short distances. This definition could be used for conventional generating systems as
well as for renewable energy systems. In this report, while discussing off-grid power for
energy access in Myanmar the focus is around renewable energy technologies. In the
subsequent sections various decentralized technology options based on renewable energy
are described:

4.1.1 Solar Home System (SHS)

Solar PV technology has been in the forefront for off-grid area electrification in India,
Bangladesh, Nepal, Indonesia Sri Lanka etc. The most common solar PV technology used for
providing access to clean lighting at the household level is the Solar Home System (SHS). A
SHS in particular is flexible, modular, and reliable solar powered system capable of
providing improved and clean lighting through the dissemination of highly efficient solar
lights apart from the mobile charging facility having recharge facility at home itself.

A typical SHS consists of PV module(s) that charge a battery bank to supply DC electricity to
run appliances such as CFL/LED lamps, DC fan, TV, etc. The charge controller which is an
integral part of the SHS controls the energy inflow and outflow into and from the battery
bank. A typical system size ranges from 10 Wp to 150 Wp based on the utility [Palit, 2013].

Household
appliances

Rechargeable
battery

Figure 4.1 Layout of a typical SHS with its application at a village
(Photo source: (a), httpy/fwww.ashden.org/ (b) http;//www.smartplanet.comy)

Delivery model: Solar home systems are implemented in different countries in South and
South East Asia using different type of delivery model depending on local conditions. The
two most common models are direct product subsidy based and consumer financing based
model. The SHS implemented by the Infrastructure Development Company Limited
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(IDCOL)! in Bangladesh is one of the most successful examples of consumer financing of
decentralised technology. Currently Bangladesh deploys over 70,000 SHS per month, with
over 2.6 million SHS already installed in the country, making it one of the most successful
off-grid SHS programs, with the highest installation rate in the world. IDCOL implements
the SHS program through its 50 partner organizations (POs). The SHS program was
developed by IDCOL with the help of the World Bank and GEF to provide electricity to the
energy poor. Currently, a number of international financing organisations such as the World
Bank, Asian Development Bank, KfW, Islamic Development Bank, etc. finance IDCOL to
provide refinancing to its POs. The PO act as the financial intermediaries in the model. They
are refinanced by IDCOL through soft loans (6-8% interest with 2 years grace period and 10
years maturity) and grant support (to reduce the SHSs costs) as well as support the
institutional development to develop the maintenance service facility in rural areas. In
addition, IDCOL is responsible for setting the technical specifications for the solar
equipment, developing publicity materials, providing training for PO capacity building and
monitoring PO performance. The role of the PO is to select the project areas and potential
customers, offer instalments to the customers, install the systems, provide maintenance
support, ensure that spare parts are available, consultation with the users before installation,
disseminate knowledge for productive use of the system, and to provide training to the
users and local technician. The POs provide credit to the customers and the amount is repaid
by the customers within a maximum period of 3 years. A customer has to pay 10% - 15% as
down payment and the outstanding amount is paid in monthly instalment with 8%-12%
service charge, which also covers the maintenance cost of the system. The majority of the
POs import SHS components, especially solar panels, from abroad. However, some
component manufacturing capacity has also developed in Bangladesh. For example, solar
batteries and most charge controllers are being assembled locally in the country, which has
also assisted in reducing the price of the systems and also better servicing of the warranty.

SELCO India, a social enterprise operating in India since 1995, has also installed more than
0.1 million SHS mainly in India using the consumer financing model. In addition, rural
banks in India have also been financing SHS under the subsidy cum re-finance scheme of
MNRE implemented through the National Bank for Agriculture and Rural Development,
especially in grid connected areas with poor electricity supply [Palit, 2013]. In addition to the
consumer finance model, SHS are also disseminated by government agency with direct
product subsidy especially in areas which are not expected to be covered by conventional
grid electrification. The direct product subsidy varies between 30 to 90% depending on the
locations. Such schemes are prevalent in India and Nepal.

4.1.2 Solar lantern

A solar lantern is a portable lighting device which uses either CFL or LED-based luminaries,
housed in an enclosure made of plastic or metal that contains a rechargeable battery (either
sealed maintenance free lead acid or NIMH or Li ion) and necessary electronics. The
rechargeable battery is charged using a separate PV module by connecting it through an
electric plug-and-socket arrangement or sometimes PV module is integrated in the solar
lamp itself. The lanterns may have different level of illumination (usually 2 or 3 modes) and
can run for 4-20 hours on full charge of the battery and depending on the light output.

TTDCOL is a non-bank financial institution (NBFI), established by Government of Bangladesh and licensed by
Bangladesh Bank. The role of IDCOL, since its inception, is to bridge the financing gap for developing medium
and large-scale infrastructure and renewable energy projects in Bangladesh.
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Delivery model: The most common delivery model for dissemination of solar lantern is
through retail sales. Being a small product with price ranging between $10 to $50, depending
on the product features and illumination, solar lanterns are sold like a household consumer
product in most countries. In some cases, micro financing is also arranged by the seller or
the buyer avail such financing for local micro financing companies. India, Nepal, Cambodia,
Lao PDR are some countries in the region, where solar lanterns are disseminated by private
agencies in a large way. In the rural areas of Myanmar also, solar lanterns coming from
China are being disseminated by some agencies.

4.2 Centralized technology options

In an off-grid village electrification project when community or collective solutions serve a
cluster of households or an entire village and provide electricity generally by generating
from a diverse range of small local generators (such as solar PV, micro/mini hydropower,
biomass-based technologies and diesel generators), with or without its own storage, and
distributing it amongst the consumers, then it is referred as centralized off-grid energy
solution. Further, the load can either be connected through a distribution grid commonly
called mini-grid and the service provider undertakes the business activities related to
generation, distribution and sale (including billing, revenue collection and grievance
redressal) of electricity or the products battery can be charged from a central place and
delivered to the users. In the subsequent sections various type of centralized off-grid
technology options based on solar, wind and biomass gasifier are described.

4.2.1 Solar charging station

The charging station comprises of solar PV modules or hybrid of solar and wind turbine
generator in a specific voltage and current configuration to charge: (a) a number of solar
lanterns or (b) batteries. The charge controller is designed to ensure that all the lanterns
and/or batteries are adequately charged. The charge controller is housed inside a junction
box that has sockets to plug-in the leads for individual solar lanterns or batteries. Figure 4.2
shows a layout of a typical battery charging station along with a picture of an application at
a village. The charging station is such designed that a lantern or a battery can get fully
charged in one full day of sunshine i.e. 5-6 hours. The charged lanterns or batteries can then
be taken away for use in individual homes. The key advantage of a charging station is that
portable lanterns and batteries can be charged from here and used in individual homes. This
model is especially suited for areas where extension of local distribution grid may be
difficult because of lower density or forested areas and user want to take advantage of the
portability of devices for use in their household. Another advantage is that charging station
can be designed modularly and can be scaled up depending on the demand.

Wind turbines which generally have a generation capacity up to 10 kW is usually considered
as small wind. They have rotor swept area of less than 200 m? and can work in both off-grid
and grid-connected applications [CWET, 2010]. The predominant technology used in small
wind is horizontal axis upwind turbines with direct driven permanent magnet generators,
having cut-in speed at 3 to 4 m/s whereas the generation takes place at wind speeds over
this value. Small wind turbines can be run in hybrid mode with solar PV to optimize
resource utilization and improve the system reliability. Hybrids have the advantage of
supplying energy for longer duration as batteries constantly receive charge both from the
wind and from the sun. Further, the combined capacities of the wind generator and solar
module are able to generate the required energy at costs lower than that of solar PV alone.
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Figure 4.2 A typical solar lantern and battery charging station
(Photo source: (a) TERI, (b) Earth Renewables)

Delivery model of solar charging stations

The charging stations are set-up in villages for charging the solar lantern and or batteries
and work on a entrepreneurship driven fee-for-service or renting model. The charging
station is usually designed to be operated by local youths or women on commercial
principles. The charged solar lanterns or batteries are rented to households and small
businesses in the village for a nominal rent (which also includes the charging fee) that is
collected by the operator of the charging station. A part of the rental and charging fee is used
to meet the operation and maintenance costs of the charging station, while the remainder
constitutes the entrepreneurs” monthly income. For households coming with their own
lanterns or batteries, the entrepreneur can levy on the charging fee. In case of local demand,
the charging stations can also be scaled up by the entrepreneur to solar multi utility centres
to provide a variety of value added services such as charging for mobile telephones, battery-
operated devices, and Information and Communication Technology (ICT) services and so on.
Such types of model have been very successfully run by TERI and OMC Power in India and
Sun Labob in Lao PDR among others.
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Box 3: Lighting a Billion Lives (LaBL), an initiative by TERI, India

TERI has evolved an innovative renting model for providing access to clean lighting
through solar lantern under its Lighting a Billion Lives (LaBL) campaign initiative. The
campaign launched in 2008 aims to bring light into the lives of un-electrified and poorly
electrified rural people by displacing kerosene and paraffin lanterns with solar lighting
devices, thereby facilitating education of children; providing better illumination and
kerosene smoke free indoor environment for women to do household chores; and
providing opportunities for livelihoods both at the individual and at village level. It has
so far covered more than 2500 villages in India and some countries in Africa, thereby
impacting more than a million lives of people.

Essentially, LaBL provides a flexible entrepreneurship based energy service model where
local entrepreneurs are trained to operate and manage the solar charging station and rent
out certified, bright, and quality solar lanterns to the community every evening for a very
affordable fee. The rental is typically 5-10 US cents per lantern per night and the operator
typically earn approximately US$ 40 - 60 per month by renting out lanterns. A part of the
fee/rental is used to meet the operation and maintenance costs of the solar charging
stations including replacement of lantern batteries after around 24 months, to ensure its
sustainability, while the remainder constitutes the entrepreneurs’ monthly income.

The charging stations are operated and managed by local entrepreneurs (Self Help
Groups/individual youths) who qualify the selection criteria defined under LaBL. These
entrepreneurs are selected and provided handholding support by local implementation
partners called LaBL Partner Organization. As part of the capacity building under the
program, entrepreneurs are also provided compulsory training (entrepreneurship &
technical) apart from other handholding support during the initial few months through
the LaBL local Partner Organisation and Project Management Units of TERI in the
respective states. Further, all solar charging stations are also linked to the Technology
Partners (supplier/ manufacturer/ system integrator) through annual maintenance
contracts after the expiry of the warranty period for providing specialized trouble
shooting and repair for more advanced technical issues.

The initiative which started in the people’s space of PPP now encompasses the strong role
of the private sector, the government sector, the communities all working towards
common pro-poor agenda. The fee-for-service model of the initiative has ensured that the
BoP gets access to clean energy at an affordable price. While the capital cost of setting up
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4.2.2 Mini/micro grids

Mini or micro grids are designed to generate electricity centrally and distribute the same for
various applications to households and small businesses spread within a particular area.
Mini/micro grids can use multiple generation technologies, renewable or non-renewable
energy based which can improve reliability of supply. A mini/micro grid can be DC or AC
type.

A DC micro grid, powered by solar PV, is designed to generate DC electricity supplying at
24 V DC, and distributed over a short distance from the battery banks to the cluster of
households or shops within the village. On the other hand, AC based mini/micro grid, are
based on multiple generation technologies, usually supply 220 V, 50 Hz, single or three
phase electrical power. These connections can be equipped with energy meters or similar
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products (such as energy limiter, prepaid meters etc.) to achieve a specific business and
operation model. Depending on their capacity, mini-grids can provide electricity for
domestic power, small commercial activities and for community requirements such as the
supply of drinking water, street lighting, vaccine refrigeration etc. Experience from India
shows that mini-grids have

been accepted as an

alternative to grid-

electrification in many remote

areas, as users perceive mini-

grids very similar to

conventional power due to its

resemblance to conventional

grid system such as overhead

low-tension lines, service

connections and tariff

structures. Technically, mini-

grids are preferred over solar

home systems, as mini-grids

provide electricity services for lighting as well as to run small appliances, whereas solar
home systems provide only lighting services [Palit and Sarangi, 2014]. However, SHS
deployment negates the need for expensive civil works installation usually required for
mini-grids. A brief description of the technologies commonly used for mini/micro grids, are
provided below:

Solar AC or hybrid mini-grid

The universal availability of solar energy makes this an attractive resource for a mini-grid
which may be in a remote location where there are few or no other options. However, its
seasonal and daily variations lead to the need for energy storage, usually batteries. Typically,
solar AC mini-grids are designed to generate electricity centrally and distribute the same for
various applications to households and small businesses spread within a particular area.
They consists of (i) Solar PV array for generating electricity, (ii) a battery bank for storage of
electricity, (iii) power conditioning unit consisting of charge controllers, inverters, AC/DC
distribution boards and necessary cabling, etc. and (iv) local low-tension power distribution
network. An advantage of SMG is that it can be modularly designed and scaled up
according to the additional demand in a village or cluster of villages. For example, in India,
mini-grids of varying capacities, between 1 kWp and 200 kWp have been implemented, with
different implementing agencies adopting different sizing and localized models [Palit, 2013].

Like solar energy, some level of wind energy can be found everywhere and thus can be used
to generate electricity. Further, it has the merit of not being limited to daylight hours.
However, the highly non-linear relationship between wind speed and the energy that can be
collected implies that coastal and hilly locations are the preferred locations. Because wind
generation is usually higher in winter or during a monsoon season, it can also partly
complement PV generation in a hybrid system so that the battery capacity required for a
given level of reliability can be reduced. As mentioned in the previous section, small wind
turbines are particularly useful for working in hybrid mode with solar PV in a mini-grid
model.
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Power from biomass: Biomass Gasification based mini-grid

The term biomass generally refers to renewable organic matter generated by plants through
photosynthesis wherein the solar energy combines with carbon dioxide and moisture to
form carbohydrates and oxygen. Commercially two technologies are available for power
generation from biomass. The more conventional one for power generation from biomass is
the combustion route in which the biomass is burnt in boilers to produce high-pressure
steam, which drives a turbo-generator for production of electricity. The technology for
generation of electricity through direct combustion is similar to the conventional coal-based
thermal power generation, and is satisfactory at high unit capacity levels, typically above 5
MWe (though lately, sub MW scale systems have started to be manufactured). The other
route is via gasification of biomass, which produces the combustible gas (called producer
gas) through a sequence of complex thermo-chemical reactions. Whereas the direct
combustion based systems are more suited for grid connected MW scale projects, biomass
gasification systems are more suitable for decentralized small and medium capacity
biomass-based power generation and so have been discussed in detail here.

A biomass gasifier based power project usually consists of biomass preparation unit,
biomass gasifier reactor, gas cooling and cleaning system, internal combustion engine
suitable for operation with producer gas as main fuel, electric generator and electricity
distribution system. Biomass preparation unit is used to cut the collected biomass to proper
size suitable for feeding into the biomass gasifier. In a typical downdraft gasifier the biomass
is fed from the top. It passes through the gasifier and undergoes the following sequence of
processes - drying, pyrolysis, oxidation and reduction, in a limited supply of air to produce a
combustible mixture of carbon monoxide (18% - 22%), hydrogen (15%-20%), and methane
(1%-3%); diluents viz. carbon dioxide (9%-12%) and nitrogen (45%-55%); and tar and ash.
The gas formed is passed through a cooling and cleaning sub-system that usually consists of
a cyclone for particulate removal and a scrubber for cooling and cleaning the gas. Some ash
is formed from the oxidation reactions. The ash moves through the reduction zone and gets
removed from the ash disposal system (grate and ash collection system). The electricity so
generated from the gasifier system is distributed to the consumers through a local mini-grid.
Figure 4.4 presents the schematic diagram of biomass gasifier based power generation
system
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Figure 4.4 Process diagram of biomass gasification based power generation system

The benefit of having gasifier-based based or hybrid mini/micro system is that it can
generate electricity as per the end-user requirements and schedules, unlike other in-firm
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renewable energy technologies such as solar and wind. Moreover, the cost of power
generation in such configuration is much more reasonable than other comparable systems
such as diesel-based power generation, solar power systems, wind-based power, etc.

Small and micro hydro power

The principle of hydropower generation technology is simple. The energy of flowing water
generates electricity when passed through hydraulic turbines. The potential energy of the
water is converted to a combination of head pressure and kinetic energy in the penstock and
delivered to the turbine and generator. Since water is neither consumed nor polluted in this
process, it joins the river course or used downstream for other purposes such as irrigation
and water supply. The energy that can be produced then depends on the variation in the
available flow rate over the year. Based on installed capacity, classification of small
hydropower varies differently in various countries. The classification considered in India is
as follows:

e Pico 5 kW & below

e Micro 100 kW & below

e Mini 2000 kW & below

e Small 25000 kW & below

There are several types of schemes to generate electricity as described below (Figure 4.5):

Run of River: A portion of river water is diverted to a channel, pipe line (penstock) to
convey the water to hydraulic turbine, which is connected to an electricity generator. Run off
river scheme may also have diurnal storage through balancing reservoir.

Reservoir based: A dam is constructed to store the river water during the rainy season and
used to generate electricity at the dam toe or further downstream through tunnel or
pipelines as per the electricity or downstream water demand for irrigation and drinking
water. Such systems are usually large hydropower. However, small hydropower projects
can also be built on existing dams/reservoirs, constructed primarily for irrigation and or
drinking water purposes.

Canal based: The existing facilities like weirs, barrages, canal falls are utilized for electricity
generation.

*Figure 4.5 Types of hydropower schemes (Run of River, Reservoir and Canal fall)

Depending on the classification of hydropower, the electricity generated can either be fed to
the transmission grid from large hydro power units or distributed in the local area from a
mini or micro hydropower unit. As an energy source for a mini-grid, a micro-hydro system
on a favourable site has considerable advantages of producing electricity continuously all

*Source:"Review of DGS Technologies, Technical Aspects of Grid Interconnection and Assessment of Renewable Energy Resource Availability & Selection of States -
Study on Improved Rural Electricity Services through Renewable Energy based Distributed Generation and Supply”, by TERI, Alternate Hydro Energy Centre and IL&FS Energy
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the year round, though usually with some variations in the output. Thus, they can be run
without any or minimal need for backup plant such as storage batteries and diesel
generators. However, they do require regular maintenance and supervision, particularly of
the screens and trash rack that filter the water entering the system as these can easily become
blocked by seasonal debris and require regular manual clearance. Another advantage of
micro hydro systems in the low life cycle cost as compared to other renewable energy
sources. Thus micro hydro project can encourage development of small & micro enterprises
which in turn can improve the load factor of the systems during the day as well as the socio-
economics of the communities involved.

Viability of mini-grids

The viability of a grid - AC or DC is based on many factors and there are a variety of options
that may reduce the cost of grid or its extension which should be considered beforehand.
Thus, in villages where households are not very spread out, solar PV or hybridized version
with small wind turbine based mini/micro grids is a preferred configuration. In order to
maximize the benefits of the complementary nature of solar and wind resources, and to
optimize the cost of systems, hybrid sometimes is a more viable and suitable option.

The options may include usage of higher transmission voltage, use of single-phase
distribution, proper sizing and location of transformer, pole design, etc. [SWECO, 2009]

Box 4: Viability of mini-grids

a.  For mini grids with total load ranges > 100 kW
A rule of thumb which tests the viability of setting-up grid includes a simple empirical
formula having two variables: (a) estimated number of potential connections (N) in the
community, and (b) average distance of the rural community from the centralized grid (D).
To test the viability, calculate the number of connections (N) per distance (D) i.e. (N/D).

e If N/D <2 connections/km - then grid extension is not likely to be viable

e If N/D > 30 connections/km - then the grid extension is likely to be viable

b.  For mini grids with total load ranging >10kW
In this rule of thumb, the viability is tested by first calculating the total number of
connections (N) within 500 m radius from the rural community centre where the plant is
situated.
e If N>100 - the grid could be a viable option. Viability would also depends on load
density
e If N<100 - in this case, it'll be challenging to sustain an adequate level of O&M as
well as efficient cash management over time.

Source: NORAD, 2009

Delivery models for mini-grids

Two kinds of delivery models are prevalent for delivery of electricity using the mini/micro
grid models. They are: (a) community driven model, and (b) privately driven model.
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a. Community drivel models: Community management of supply systems is a typical service
delivery model to serve isolated load centres. In such cases, a village energy committee
is created to manage a mini-grid based project or other decentralised energy systems,
either in a village or a cluster of villages. Almost all renewable technology such as solar
PV, biomass gasifiers’ mini hydro systems or hybrid (solar-gasifier, solar-diesel etc.) has
attempted to follow this model. Micro hydro based developments in Sri Lanka and
Nepal are considered to be successful initiatives, which are run by the local communities
using the locally available water resource to meet their energy needs. Solar PV based
projects implemented in India following the model have however has been successful.
On the other hand, the model has met with limited success for the biomass gasifier
systems implemented under Village Energy Security Programme, in India.

The model is famous with names such as Village Electrification Committee (VEC),
Village Energy Committee (VEC) and Village Development Committee (VDC). As the
participation of village community is central to the operation of the system, this kind of
model can be implemented where cohesion and sense of involvement is present amongst
the members of a community. In this model, the VEC or the VDC plays the pivotal role
as a power producer, distributor and supplier of electricity. The service-delivery
approach of the model involves formation of a VEC by the Project Implementing Agency
(PIA) with representations from villagers and the local governing bodies. The PIA sets
up the energy production systems and hands over the facility to the VEC for day-to-day
operation and management. A community managed systems in fact are very similar to
village co-operatives, The difference lies in the fact that in co-operatives all the
consumers/ beneficiaries is the members of the cooperatives with the cooperative
established as a legal entity, whereas village energy committee is a loosely formed
association of representatives of the local community and may or not be registered under
any law.

In the VEC or the community model, the tariff for electricity is usually set by the PIA in
consultation with the VEC. In case the capital cost is almost entirely subsidized, the tariff
is set such that the revenue can take care of the fuel and operation and maintenance costs
including remuneration of the system operator. Otherwise, capital cost - partially or
fully - of the equipment is embedded while calculating the cost of electricity. The VEC is
also responsible for arranging the fuel (in case of biomass or bio-fuel projects), either as a
contribution from the project beneficiaries on a rotational basis or through purchase
from agents such as self-help groups, or through raising energy plantations. User
charges are collected by the VEC to meet the operational expenses and they also manage
the accounts related to the project [TERI, 2014]. A typical representation of the VEC
model is provided in Figure 4.6.

There are, however, some limitations in the model as observed from many projects
implemented in remote locations in India. Sometimes, there is lack of clarity in the roles
and responsibilities among the different stakeholders of a project resulting in confusion
leading to failure of the project. Further, the model is suitable for those remote areas
where the strength of local governance is medium to good, potential for group activity
exists and there is social cohesiveness. In the absence of these characteristics in the local
community, projects implemented following this model may fail.
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Figure 4.6 VEC model

An example worth mentioning here is the community management approach adopted
by Practical Action in micro hydro based mini-grid projects in Sri Lanka [Kritika and
Palit, 2013]. Practical Action in the early nineties embarked on an innovative mode to
provide electricity to rural households in Sri Lanka through micro hydro based
generation. In this model, an Electricity Consumer Societies (ECS), a village organization,
were formed for development, functioning and maintenance of village hydro schemes.
This was done to instil a sense of ownership among the communities. Further given the
geographical location of these micro hydro sites, external agencies were not able to
manage on a long term basis. Membership of ECS was essentially from the village.

ECS functioned as an autonomous body, responsible for raising funds, contributing
labour, setting tariff structures and managing operation and maintenance. ECS was ably
supported by the technical advisory committee of ITSL. A monthly fee of SL Rs.

600/ household for a maximum usage of 100 W/household was fixed by the ECS.
Further, tariff subsidies or free power were given to poor so that they will not be
‘dropped out’ in the rural electrification process. The success of model made the
Practical Action replicate the same using a commercial approach. While initially the
micro hydro model was only for lighting purposes, later on the concept of productive
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end uses was also introduced. Two main uses were —battery charging and grinding and
paddy milling. However, ECSs did not encouraged day time productive end uses, as it
consume substantial power, leading to power fluctuations and consequent disputes
between high power users and normal users. While these are minor setbacks, the village
micro hydro model in Sri Lanka has by and large been successful with increased role of
decentralized provincial institutions

b. Privately driven model: the projects implemented by private sector follow a commercial
approach and are purely demand driven. In these models, a for-profit entity arranges
and manages an implementation model (often using one specific technology), identifies
suitable villages, builds the electricity supply, and arranges for operations and
maintenance, often with the help of local partners. There are different variants of the
private sector based models which have been adopted by different entrepreneurs such
as: (a) Built, Own, Operate and Maintain (BOOM) - in which a company builds, owns,
operates and maintains the mini/micro grid including power generation and
distribution systems, with revenues coming from subscriber fees. (b) Built, Own, and
Maintain (BOM) - in which a company install the plant and mini/micro grid and
provides maintenance for a contract period of few years. The plant is operated by a local
entrepreneur who pays maintenance for that specific contact period. Once the contact
period is over, the ownership of the plant is transferred to the entrepreneur. (c) Built and
Maintain - in which the generators and distribution system is installed by the company
which also provides maintenance, whereas the ownership of the plant and its operation
remains at the disposal of entrepreneur [UNDP, 2013b].In almost all the cases, the role of
government in this case is to safeguard the interest of public and to regulate certain
aspects such as environment, disposal, use of raw material, labour laws etc. However, in
many cases, the sector has been completely unregulated (except regulations related to
electrical safety aspects) as in India. The rationale behind the exemption is the
assumption that the local generation and distribution of electricity would be a micro-
enterprise with low capital expenditure, short gestation periods and no entry barriers, so
competitive market forces would ensure reasonable prices reflecting actual costs.

Another version of the private sector lead model is the public-private partnership model,
whereas the private sector pairs up with government resources to support their
initiatives. These models develop a business plan that relies on government subsidy or
support to make the financial model effective, but is implemented by the private basis.
For example, some models have used government funding to support capital cost of a
power plant or charging station, but a partial-private model that uses power revenues to
pay for operations and maintenance. In spite of projects implemented by private sector
in many locations, the private-sector space in most of the countries in the south and
South East Asian region is undeveloped, perhaps because of the high risk and relative
instability of the market.

A mini-grid model worth highlighting is from Cambodia, where REEs (Rural Electricity
Entrepreneurs) operate small diesel generators (or coupled with biomass gasifiers in
some cases) and distribute electricity through their own low-voltage distribution lines to
local households. Studies report that there are around 600-1,000 rural electricity
enterprises supplying electricity services in rural areas and catering to an estimated
60,000 households. The electricity supplied by mini-grid is used to power 2 CFLs and a
television set/ music system for entertainment. Electricity is supplied for limited hours at
tariff ranging from 30 cents/kWh to 90 cents/kWh. However, a limitation of most the
REEs are that they use old small generators, with specific fuel consumption. This
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coupled with losses in low quality distribution systems increases their cost of generation
making the systems unviable to operate Thus, few companies are now coupling these
diesel generators with biomass gasifier systems to reduce the cost of generation and
improve the viability [Kritika and Palit, 2013].

Box 5: Husk Power Systems (HPS), India

HPS is a small start-up company based in Bihar, India and is one of the most widely recognized
models of private sector led rural electrification. HPS has reportedly electrified around 300 villages
and hamlets since 2007 through the set-up of 80 biomass gasifier plants, thereby impacting nearly
200,000 lives of people,. HPS builds village scale mini-grids using rice husk gasifiers, usually
ranging between 30 and 200 kW systems. HPS works only in locations where at least 250
households agree to take connection and it charges a nominal installation charge as well as a
regular fee for electricity, sometimes 45 INR per 15 W CFL. It charges a higher rate for commercial
use than for residential use. HPS’s operation focuses on local community participation and a
number of synergies which enable it to profitably sell power to villagers. Revenue from villagers’
electricity use pays for the operations of the plant and there is enough profit to pay back the large
upfront costs to build the biomass plant. The favourable economics result from a number of specific
innovations. For instance, HPS builds rice mill alongside its plant, using surplus power capacity
from its power plant to run these mills. It offers free milling to local farmers in exchange for using
the rice husks to feed the power plant. As a result it has reduced its fuel costs and simultaneously
provided local benefit. HPS has even found out an innovative way to use the charred rice husk and
generate additional revenue. The charred husk is used to make incense sticks and this process is
usually carried out by rural women, thus providing them with a gainful employment opportunity
and in turn additional revenue for HPS through sale of electricity to these employees” household.
Source: Krithika and Palit, 2013
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Figure 4.7: Private driven model
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5. Road Map for off-grid electrification in
Myanmar

Access to affordable and reliable energy services is crucial to reducing poverty and
improving health, increasing productivity, enhancing competitiveness and promoting
economic growth [IEA 2013]. In case of Myanmar, as discussed in the previous sections,
electricity access is far too less as compared to its neighbouring nations. The country, which
has 70% of its population living in rural areas, has only 28% of the households having access
to electricity. In rural context, only 16% of households have electricity connection and only
4.5% are electrified through national grid and the remaining by off-grid means. Thus, the
off-grid options are playing a key role in rural electrification of Myanmar. This chapter,
based on the facts and information elaborated in Chapter 2, Chapter 3 and Chapter 4,
outlines a probable way forward for enhancing off-grid electrification in rural areas of
Myanmar. The chapter also provides policy and capacity building recommendations for
enhancing the off-grid electrification efforts in the country. The chapter also proposes a
project which can be taken up as a demonstration project in the country with possible
funding from IGES/Government of Japan to implement the concept of Joint Crediting
Mechanism (JCM) that has been recently launched by the Government of Japan.

As mentioned in the Chapter 2, there are a number of Ministries involved in the
electrification process in Myanmar, Two prime ministries are the Ministry of Electric Power
(MOEP), who are responsible for extending the grid infrastructure and power generation,
and the Ministry of Livestock, Fishery and Rural Development (MOLFRD), that is
responsible for promoting off-grid electrification efforts. Other than these two Ministries, the
Ministry of Science and Technology, Ministry of Agriculture and Irrigation, Ministry of
Environment Conservation and Forestry, Ministry of Industries and Ministry of Energy are
also members of the National Energy Management Committee, overseeing the energy sector
development in the country. There is also a Village Electrification & Water Supply
Committee, headed by the Ministry of Livestock, Fishery & Rural Development

5.1 Target for rural electrification

While currently the electricity grid has been extended to only around 2765 villages (out of
the total 62218 inhabited villages) in the country, the Ministry of Electric Power proposes to
cover around 4793 villages with electricity grid in the coming three years i.e. by 2016 (Fig
5.1) and cover around 80% of the villages by 2030-31. On the other hand, the MOLFRD has
made provision of electrification of an additional 1300 villages through off-grid technologies by 2015
as part of their mandate as reported during the visit of TERI team. During the meeting of
TERI team with MOLFRD officials, they shared that currently they do not have finance to
plan beyond 2015.
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e 3575 e 4116 e 4,793

Figure 5.1 Year wise village electrification plan from MOEP.
Source: MOEPa, 2013

However, in the off-grid areas, the electrification is also undertaken by the various
organisations, in close cooperation with the district government, with donor funding, Apart
from this, off-electrification efforts are also being carried forward by village level committees
by raising fund from amongst themselves or by local private developers, who set up
biomass gasification or diesel based micro power plants to provide electricity services in a
particular territory. It is reported during the TERI mission that various bilateral and
multilateral organizations have funded rural electrification activities by setting-up battery
charging station, community based solar PV plants etc.; in many cases these plants are not
recorded by the government.

5.2 Technical and delivery models for off-grid electrification
in Myanmar

The following section, based on the information highlighted in Chapter 4, provides details of some of
the probable technical and delivery model that can be taken up for electrification of off-grid locations
in Myanmar.

5.2.1 Standalone Charging Station Model

The solar lantern and battery charging stations are relevant and suitable in communities
where population is not very dense, people are poor and can’t afford to buy an individual
equipment and the demand is only for lighting, mobile phone charging and very low
consumptive appliances. A standalone solar charging SCS can be supported by the
appropriate Ministry or department in Myanmar which can operate through a fee-for-
service model. A typical SCS can comprise of facility to recharge and rent around 50-100
lanterns and or batteries, depending on the number of households in the village. Design of a
typical SCS is shown below in Figure 5.2. The SCS will charge portable LED lights/lanterns
and or small batteries that will be rented by the villagers at a nominal fee. Since battery
charging stations are already prevalent in the country, it would be very easy to implement
such stations because of existing knowledge about the technology.

The charging station could be provided to a village entrepreneur on down payment and
instalment basis (financed by a local bank). The charging station will be handled by the
entrepreneur, who also has to be trained to manage the station, operate it and perform basic
repairs and maintenance. The entrepreneur can utilize a percentage of the revenue collected
from the villagers to repay the loan and the rest will form his income.

Solar technology being modular, the charging station can also be split into modules of 10 lanterns
each and each such module can be implemented at separate locations in the villages to serve 10
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neighbourhood houses. The entrepreneur can be made responsible to manage the charging stations
and also share some revenue with the households, where each of such stations is installed.

5.2.2 Charging station model with DC micro-grids

In addition to a standalone system, there is also possibility for piloting charging stations
along with a DC micro-grid system, Experience suggest that some of the users in a village
may be reluctant to collect lights/lanterns from the charging station or delivery to each
household by the entrepreneur may be a barrier. In such cases, it might be more successful if
the central station could be connected directly to each household through a micro-grid
charging a nominal fee/ month. Such model have been very successfully implemented in
India and Bangladesh and have been reasonably successful. A combination of charging
station with a DC micro grid also have a good potential to be scaled up to more houses by
using larger capacity systems.

In this model, the SCS will provide lamp/lantern recharge to villagers who live away from
the micro-grid station and cannot be connected by the DC grid due to high costs of the
extension lines. The DC micro-grid, on the other hand will provide access to lighting to
households who do not wish to make the efforts of collecting lights/lanterns. The cost
structure of the micro-grid will be kept slightly higher in comparison and this customized
model will benefit two levels of income within the BOP populations. While the DC micro
grid will provide fixed line connection, for LED based lighting, to around 20-30
households/shops within the vicinity of the enterprise, rural community that are slightly
away from the micro-grid connection can also avail portable lanterns on rent. The
enterprises can have facility to charge mobile phones and also option to sell LED lamps and
efficient cookstoves to meet any demand in the villages, thereby acting as rural clean energy
hub.

In this model also, the entire facility can be set up by a village entrepreneur, trained by the
appropriate agency, on down payment and instalment basis (financed by a local bank). The
entrepreneur, will manage the station, operate it and perform basic repairs and maintenance.
The entrepreneur can utilize a percentage of the revenue collected from the villagers to
repay the loan and the rest will form his income. Here also, the modularity concept can be
implemented to implement smaller stations at number of locations in the village, if required.
The fee-for-service model for renting of lantern from a SCS or providing only lighting
service from a solar DC micro grid may be closer to the need of poor sections of population
in the country. Experiences from LaBL program in India also corroborates the fact that
without the support of any micro-credit systems and where poor people are expected to pay
for the service by their own means, they prefer to pay for the ‘service’, rather than own the
solar lighting systems since this exerts less financial pressure on the poor households.

523 Mini-grids for densely populated areas with potential for
productive load

In the areas that are densely populated - such as Mandalay, valley of Ayeyarwady river,
Sagaing, Bago etc. - mini-grids based energy supply model are recommended. Given
Myanmar’s low electricity consumption, mini-grids can easily cater to such energy needs
and can be recognized as fully fledged alternatives to extending the central grid. As
discussed in the previous chapter, the architecture of this system is similar to the
conventional grid in which consumers are connected to the distribution grid and are billed
based on the amount of electricity consumed. Mini-grids can be implemented using solar PV,
biomass gasifiers or hybrid systems of solar, biomass, wind and or diesel.
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Both community based or private sector led models could be implemented for such mini-
grids in the villages, depending on the local requirement and ability to run a particular type
of model. In the community based or VEC model, participation of the local and
regional/state government become central, in order to have a sustainable system. A proper
institutional framework thus have to be established where local representatives of village,
local government and people participate in planning, implementation and operation of the
system. However, based on experiences from India, it is observed that the beneficiary
payment in remote villages is poor and so a project sometimes becomes unsustainable after
the initial phase. Keeping this fact in mind, the community model could be modified to
develop synergy and also supply electricity to productive enterprises (especially in case of
gasifier or small hydro based projects) in the villages in addition to electricity for lighting
(Figure 5.2). The tariff charged by the VEC should be such that the commercial users pay a
higher tariff to cross subsidize the usually lower payment from the domestic users of
electricity.

Gasifier Power
Plant
Monay from USERS
higher tari

Power for Power
SHIEe

(Shops, cold storage,
Milling stc)

Figure 5.2: Developing synergy with economic activities
(Source: TERI)

Apart from the community based model, the private sector led model also has a huge
potential for implementation in the country. The country already has some experience in
running biomass gasifiers and diesel generator sets for electricity distribution in rural areas
by private youths. Thus, a concerted effort could be made by the district governments, local
banks in coordination with the nodal ministry to involve and train local developer as
entrepreneurs to set up and manage such mini-grids. While experiences of private sector led
model has already been shared in Chapter 4, a variant of the model called the Energy
Service Provider Model or BOOM model could probably be tested in Myanmar. This model
may be appropriate in ‘not so remote’ villages with large population or a cluster of remote
villages to ensure higher number of consumers comprising of both domestic and commercial
consumers.

A district level project developer or rural energy service company could take the lead in
clustering the villages and set up individual systems in the villages. The developer will also
be responsible for system engineering and facilitating installation of the energy production
systems and providing maintenance support services. In addition, a VEC is recommended to
be formed by the district government to act as a regulator at the village level and set the
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electricity tariff, biomass price (in case of biomass projects) and redresses any grievances of
the consumers and ensure that the private developer is not exploiting the consumers. An
Energy Service Provider, which could be local entrepreneur from the village or nearby
village or a SHG will be developed by the project developer and provided the responsibility
of plant operation and MBC (metering, billing and collection). In return, the ESP will get a
commission to perform the duties subject to achieving the designated plant load factor of the
plant and also collection of all payments from consumers. The project developer also enters
into a separate AMC (annual maintenance contract) for LT Line and power plant
maintenance either with the OEM or any other local agency capable to provide the services.
The biomass supply, in case of biomass projects, could be taken care of by local SHGs,
developed exclusively for such arrangement, on payment basis. Table 5.1 summarises the
possible transactions between key entities identified in the ESP Model.

Table 5.1 Summary of transactions between key entities in the ESP model

S.No.  Entities Offers To Expects in return Instrument
1 SHGs Fuel ESP Payment for fuel supply (for biomass ~ Biomass price set by
projects only) VEC
2 ESP Electricity Consumer Payment of electricity Tariff set by project
developer in

consultation with VEC

3 Consumer Payment Developer (through ESP) Reliable Electricity Connection
Agreement

4 OEM AMC Developer Payment AMC agreement

&, ESP Payment Developer Services and training Lease Agreement

This model is expected to ensure better and reliable supply of electricity to the local area. However,
this model will have inherent risks for the private developer and the project viability will critically
depend on the collection performance and management efficiency of the developer/ESP. The
ESP/developer distributing electricity may not be able to generate adequate revenue in remote areas
having chronic problem of poor collection efficiency and existence of consumers paying subsidised
tariff. The government may also have to make viability gap funding/revenue subsidy to the private
distributor of electricity for sustainability of the model.

5.2.4 Solar Home System:s:

In the sparsely populated areas and high solar radiation, such as the northern districts, solar home
systems (SHSs) are suitable for village electrification. The system has the flexibility of designing as
per household load (except motor load) demand and can vary from 10 Wp to 200 Wp. These systems
can provide power for meeting only lighting load and also meet other load such as DC fan, TV, small
appliances etc., which are usually used in rural areas.

A study by the European Union Energy Initiative reports that households in central Myanmar spend
around $9.26 per month on candles and torches. Down in the Irrawaddy Delta, the same study reports
that mean monthly household spending on candles and large batteries amounts to $12 against mean
monthly incomes of US$40-80. At these budgets solar-LED home lighting systems are quite cost
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competitive, available at US$ 100-300, depending on capacity. For dissemination of such system, the
consumer finance model, followed in Bangladesh, could possibly be replicated in the country. If credit
were charged at 14-15% per annum, the system cost could be paid off in 3 years, assuming income is
not affected by bad harvests or disasters. In such cases, a flexible repayment scheme may also be
adopted with higher payment during the after harvesting and lower repayment during the sowing
season. To safeguard the loan amount, financing can also be done forming joint liability groups,
where liability of one member of the group is borne by collectively by all other members in case of
payment default.

5.3 Policy and capacity building recommendations

The rate of success of any electricity access program is directly dependent on the government’s
commitment to creating an enabling environment on a sustainable manner, which includes having a
clear cut policy framework and milestones, systems for defining and enforcing appropriate standards,
financial support mechanisms and support for capacity building.

Some of the policy measures which will assist in scaling up the dissemination of renewable energy
interventions for enhancing electricity access in off-grid areas are:

5.3.1 Coordinated approach for scaling up off-grid interventions

There are almost a dozen Ministries and government agencies involved in energy and electricity
planning, and even greater numbers of actors in the private sector and civil society, which seems to
complicate the energy policy landscape. This complex policy environment creates overlapping and at
times confusing mandates and poorly coordinated efforts at promoting electricity access. A study by
accelerating energy access in Myanmar by UNDP reports that if a micro-hydro plant want to power a
village scale mini-grid and also export excess electricity to the national grid, it would require the
involvement of the Ministry of Electric Power (responsible for planning permits and maintenance for
hydroelectricity, and for transmission and distribution), and the Yangon City Electricity Supply
Board/Electricity Supply Enterprise (responsible for electricity sales) and the regional government.
Similarly, a hybrid solar-biomass facility would need the involvement of the Ministry of
Environmental Conservation and Forestry (responsible for biomass and fuelwood), Ministry of
Education (responsible for basic and applied research), the Ministry of Science and Technology
(responsible for development of renewable power sources), and, if using direct combustion of biomass,
the Ministry of Agriculture & Irrigation. While recently the Government of Myanmar has made the
Ministry of Livestock, Fishery and Rural Development as the nodal department for promotion of off-
grid interventions and there are also NEMS and NEDC to coordinate various efforts in the energy
sector, it is recommended that a Department of Rural Electrification be created in the Ministry of
Electric Power for setting up infrastructure both for grid electrification as well as mini-grids projects.
This will also ensure that duplication of work (i.e. grid is extended to an area covered with mini-
grid/off-grid electrification) is not done and there is certainty for private sector to invest in the off-grid
areas as a concessionaire based on set terms and conditions of the government. It is to be noted here
that while overall share of power sector is largest at 43% of the total Foreign Direct Investment
coming in the country, a major component of this is for large hydropower development [IGES, 2013].
As reported in previous chapters, already entrepreneurial spirit at village level - a major precondition
for market based approaches - exists in the country and there are also rural inhabitants who are used to
pay for energy services. Thus to attract investment in the electricity access sector, a more coordinated
approach is required with a single window service for the private developers desirous of
implementing projects in rural areas.
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Further, another pertinent issue is related to the risk of obsolescence of the technology that is
considered for implementation. This holds paramount importance in the context of grid reaching in
the off-grid locations, thereby making the project sunk. This will also need attention through
development of appropriate policies, for provision of grid-compatible power conditioning-units in the
design of any project and or appropriate grid interconnection standards, so that as and when the
conventional grid reaches the site, these mini-grids can simply be connected and kept functional. In
addition, smart-grid technology1 has also recently evolved so that existing renewables-based
generators in mini-grids may be seamlessly connected to the conventional grid and any number of
renewable energy -generators may be connected to the mini-grid to supply electricity to the local area,
improving electricity access in the region.

5.3.2 Financing

A key challenge acting as roadblock for up scaling and proliferation of mini-grids and off-grid
interventions in many countries is the lack of adequate investment in the sector. Experience for South
Asian countries corroborate the fact that most companies active in mini-grid/off-grid distribution are
not able to gain sufficient capital to expand or up-scale. Since, these projects operate in rural settings,
without any long-term power purchase agreements in majority of cases, with poor consumer load
profile; banks are usually reluctant to finance these interventions. Further, high upfront costs have
also been acting as a major deterrent. Therefore, debt financing from banks/financing institutions
becomes a cumbersome affair for private investors and they are also reluctant to finance these projects
without having sufficient collateral and risk guarantees.

Myanmar is not an exception to this important issue. It is recommended that the policy makers may
take cognisance of this issue and develop a portfolio or creating a revolving fund for financing of off-
grid/mini-grid projects. In this regard, a country level financial institution such as Myanmar National
Bank or Myanmar Agricultural Development Bank, can be designated as the nodal financial
institution (similar to IDCOL in Bangladesh) for support of range of off-grid systems including
individual solar home systems as well as mini-grids based on solar PV, biomass gasification and or
mini/micro hydro technology. Such financing mechanism would enable the households and
communities and private developers to purchase solar home systems and other stand-alone renewable
energy equipment and set up mini-grids through loans and other financing packages.

Five interconnected approaches are recommended here which could address the financing of such
systems. First, the financial institutions will have to generate more fund at lower cost of capital, either
from the government or international development partners such as Asian Development Bank or
Japan International Cooperation Agency etc. Second, the officers of the financial institutions need to
be trained beyond giving loans for crops to those involving energy technology, which they have little
familiarity with. In addition, a team of 3-4 officials may also be send for exposure visits to
Bangladesh or India to learn from real situations Third, the Central Bank of Myanmar, which sets
monetary policy, could establish lower interest rates for loans related to energy access, which could be
slightly higher than the cost of capital for the designated financial institution. Fourth, the financial
institution have to partner with a collection of regional cooperatives, MFlIs, and NGOs, to refinance
them for energy access for on-lending to consumers willing to procure solar home systems and other
stand-alone renewable energy devices. These agencies also have to be supported to create a network
of energy enterprises, who could potentially sell and service the systems. Lastly, the government

1 Smart-grid technology offers ways of integrating off-grid/decentralized energy systems with the centralized gird system in
a rational and balanced manner. For instance, off-grid generation system could be controlled dispatched by the central
control center and could be tapped during peak hours. Usually the incremental cost for introducing smart systems may
range from 10% and above depending on the level of smartness introduced.
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could reduce tax on imported parts for solar panels and other renewable energy technologies to
encourage use of such systems to enhance rural electrification and promote economic development.

The Joint Crediting Mechanism of Government of Japan can also play a big role in supporting the
financing of off-grid interventions in the country. Under JCM, as the Japanese government is
supporting technology and finance for the low carbon energy project, mini-grids, community based
systems as well as individual off-grid interventions can be financed in Myanmar to take benefit of the
carbon credits derived from such projects. Specifically, advanced low carbon and renewable energy
technology from Japan could be made available at a significantly lower cost to Myanmar for
enhancing their off-grid electrification efforts and also improve the environmental performance and
reduce fossil fuel dependency. While such financing can assist in enhancing the electricity access in
Myanmar, the benefit to Japan will be two fold — first reduction of green-house gas emission at a
significantly lower cost as compared to the cost incurred in reducing GHG emission in Japan and
secondly, market opportunities for Japanese renewable energy companies to undertake activities in
Myanmar.

5.3.3 Adoption of international standards on technologies

Standards benefit customers and end-users primarily by ensuring quality and safety of products as
well as systems or installations. They also benefit enterprises in providing goods and services through
sustainable growth deriving from customer satisfaction, resulting in repeat sales and referrals. Another
benefit of standards, especially harmonized standards is through the adoption of international
standards — is access to quality goods and services. As observed during the TERI mission, various
types of solar products are being disseminated in the country for providing lighting and powering low
consumptive applications. Though it is user’s choice to procure a lighting product, the seemingly
endless amount of LED lamps that are available or introduced at different prices seems to be spoiling
the market place. The LED products need several of its components such as light and charging source,
energy storage and electronics, to be selected and designed appropriately to avoid performance
reliability issues. Because the LEDs are supposed to have a very high life, it is essential that all
peripheral systems and components are equally having long life for optimum product performance
over its lifetime. There is thus an immediate requirement to set and enforce nationally recognized
industry standards both for solar PV panels as well as for balance of systems components — such as
inverters and charge controllers — for ensuring that different products being disseminated are of
standard quality.

Further, as highlighted in the previous chapter, a key issue with gasifier implementation is the release
of waste toxic water from the indigenously designed gasifier systems implemented in the country.
Thus, standardized performance oriented technical specifications for gasifier systems also need to be
developed to ensure quality of the products and their performance.

The IEC Technical Committee has developed international standards for solar PV systems that may
be adopted by Myanmar. The IEC standards are used by qualification testing laboratories throughout
the world in testing products submitted by manufacturers who wish to enter the PV marketplace.
Standard technical specifications are also available with IEC for use in specifying, commissioning and
operating PV and hybrid stand-alone systems or micro-grids in developing countries. IEC has also
released technical specification for solar-powered LED lighting devices, such as solar lanterns, which
can also be adopted by Government of Myanmar.
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5.3.4 Establishment of service and training centres

Once technologies start to be diffused and commercialized, policy makers must ensure that proper
after-sales service is provided through service and training centres. One of the reasons for the success
of the IDCOL program was supporting creation of a network of centres for responsive maintenance
and training hundreds of technicians. Bilateral or multilateral support could be tapped by the
Government of Myanmar to support the implementing organisations in establishment of service
centres. Myanmar has number of Technical Universities and Technical Schools across the country
who can be the potential training centres for providing training on repair and maintenance of
individual solar products, installation and maintenance of mini-grids, and repair and maintenance of
gasifier and mini/micro hydro systems. An example which is worthwhile to highlight here is the
Japanese support project to improve maintenance skills for photovoltaic and other renewable power
generation systems being implemented in Myanmar.

5.3.5 Multi stakeholder capacity building & collaborative research

Training and capacity building is one of the invaluable instruments for success of any decentralised
electricity project. The evidence drawn from the mini-grid and decentralised interventions experience
in India reveals that appropriate support systems should be an integration of a strong “participatory
governance system” at the local level and “well-knitted hierarchical system connecting local level
management with the top level management regimes”. While issues of local in nature could be better
addressed through participatory governance systems, the issues related to policy, regulatory and
financing can be well managed through a graded system with appropriate intermediary and/or higher-
level management regimes. Thus, appropriate capacity building programs need to be developed both
for local level stakeholders as well as at the policy, regulatory and financing sector level.

For example, a series of programs, consisting of exposure visits (to South and South East Asian
countries with successful off-grid electricity access projects) and training workshops (in-country) for
relevant stakeholders from across the value chain of the renewable energy and energy access sector,
which includes government authorities, vendors and manufacturers, implementing agencies, research
organizations and financing agencies, may be organised over a period of time to scale up the
dissemination of off-grid interventions. The training workshops and exposure can also be
complimented by creating linkages with manufacturers (e.g. Japanese manufactures as well as from
other neighbouring countries such as India, Thailand etc.) and development agencies to develop local
renewable energy projects for provisioning of modern energy services. The aim of the training
workshop and exposure visit is two-fold. First, it will serve as an arena for the exploration and sharing
knowledge on strategies and success factors for implementation and social organization of renewable
energy systems both in village scale models and in other off-grid renewable energy based projects.
The workshop thus will build on the learning that has been going on through the years of experience
with the social and technical aspects of the many off-grid energy projects implemented in India,
Bangladesh etc. Secondly, the exposure visit will be an important event in the process of South-South
transfer of knowledge on off-grid projects.

Further, knowledge about major characteristic of various rural energy supply options seems limited in
the country and data for planning and decision making often either unavailable or inconsistent. The
government at national and sub-national levels seems to be in need of specific know-how for rural
energy planning. Thus, the government planners and institutions also need to be trained on
internationally accepted standards and methodologies for collecting energy data and using that data
for planning and strategizing implementation of off-grid electricity access. One high priority item
would be conducting a comprehensive assessment of renewable energy resources and needs
undertaken with a focus on electricity demand for households, small, medium and micro enterprises,
and community and public services. Based on the findings of such a household assessment and an
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inventory, off-grid energy initiatives could therefore be developed and implemented by the local
community-based organizations and or private developers in partnership with technology suppliers.
The transfer respective knowledge for the energy access planning will be particularly important to
sub-national government and public administration levels as they are geographically closest to future
off-grid locations.

In addition, capacity building efforts also need to be focussed on electricity users. Households, village
leaders, and even local entrepreneurs are to a large extent unaware about both the technical aspects of
renewable energy technologies and associated business opportunities. In this case, it will be more
prudent to create a pool of trained persons from the government, financial institutions and civil
society sector, who could further create the necessary awareness and training of the end users.

5.3.6 Transfer of technical knowledge and technology

Myanmar does not possess the indigenous technology or intellectual property needed to produce its
own renewable energy systems. Patents and intellectual property concerns, however, can prevent
developing economies from acquiring these technologies. Thus, it is felt that there is immense
requirement for transfer of technical knowhow to assemble solar home systems, solar lanterns, pico-
hydro and other small off-grid interventions in Myanmar. Certified and tested solar products with
efficient and reliable specifications suited to the bottom of the pyramid populations have to be
identified and their reference circuit designs can then be transferred to Myanmarese manufacturers.
Once these designs have been received, these local companies can utilize their in-house capacity to
shoulder these designs and manufacture the products in the country itself. External support in ‘training
of trainers’ on local assembly of the new products can be provided by technical experts from countries
such as Japan, India Thailand etc. Further, individual solar and pico hydro products in completely
knocked down conditions can be procured by Myanmarese assemblers from India, Japan or other
countries under South-South transfer of technical knowhow and develop these into final products to
disseminate through the network of local enterprises.

5.3. 7 Harnessing NGOs’ experiences for policy support activities

In Myanmar, NGO’s have been playing a very crucial role in rural energy issues vis-a-vis the
government. Compared to many other countries in the region, their role has been mainly on service
delivery and less on policy advocacy. However, with wide experience, these NGOs are deemed to
have a better insights in rural energy issues than some of the governmental organisations, which was
also observed during the visit of the TERI team. The familiarity of NGOs with energy and socio-
economic issues in remote areas of Myanmar should therefore be valued and harnessed in policy
support processes. Further to make the NGOs also learn from the policy development in the sector in
other neighbouring countries, exposure visits of select NGOs and civil society organisations such as
MES, REAM etc. can be supported. IGES can play a key role in supporting such capacity building
and exposure visits specifically related to policy development issues.

5.4 Potential demonstration project ideas with Japanese
engagement

The Government of Myanmar has planned to increase the electrification from current level
of 28% to around 80% by the 2030-31. This will be achieved with the help of increasing
addition of generation capacity from earlier planned 500 MW to 1,000 MW every year. In
this regard, both gas based as well as hydro power is being explored to be harnessed for the
additional generation to meet the long term demand. However, this will take time and shall
be achieved in long term, whereas in order to electrify off-grid areas in short term
decentralized technologies can play as vital role. During discussion with different
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stakeholders in Myanmar, it is reported that the government is planning to electrify at first
100 model villages in different regions and states and 50 villages in self-administrative zones
and divisions based on renewable energy. In order to have effective implementation and
benefit to the public at-large, it is suggested to that Japanese government support be
combined with the planned government schemes. In this regard, IGES can take forward the
discussion with the relevant ministries in Myanmar, or specifically with the NEMC/NEDC
to select few clusters in different regions and conduct a detailed feasibility study for
implementation of off-grid electrification projects with JCM support.

Project Location

Integrating information available from different stakeholder and secondary data, it is
suggested that Rakhine, Sagaing and Tanintharyi could possibly be considered and one cluster
from each of these regions identified, in consultation with the local government, for
preparing the feasibility report. Table 5.2 provides the resource availability and type of
technology that can be considered in these regions.

Table 5.2 Brief details of the identified states for consideration of projects with Japanese
support

S. State/Division Status of Wind resource Solar resource Biomass resource Technolog
No. Electrification (my/s) (M]/m?*/day) y option
1  Tanintharyi Poorly electrified 7-8 15-16 (Average)  Evergreen/ Solar-wind
(Good/ Average) Deciduous forest hybrid
Mini-grids
2 Sagaing Poorly electrified 3-4 (Poor) 15-17 Evergreen/ Biomass
(Average/Good) Deciduous forest/rice based Mini-
husk grids
3  Rakhine Poorly electrified 7-8 15-16 (Average)  Evergreen/ Solar-wind
(Good/ Average) Deciduous forest/rice hybrid
husk Mini-grids

Delivery model

One of the delivery models, as mentioned above in section 5.1 could be considered for
implementing the project. The detailed delivery model can be finalised based on the
feasibility survey and interaction with the local authority in these regions.

Institutional set-up

The detailed institutional set up will be discussed during the proposed stakeholder
consultation in Yangon on 4t March and will be suggested during the submission of the
Final Report of the Project.
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Annexure 1: List of Stakeholders

Following is the list of stakeholders with whom discussion were held during mission to
Myanmar between November 20-27, 2013.

S. Name Designation Organization Meeting
No. Date
1 Mr U Aye Kyaw Director (Retd.) Energy Planning Department, 20-Nov-13
Ministry of Energy, Union
Govt of Myanmar
2 Mr K. K. Hlaing Chairman Smart Group of Companies 22-Nov-13
3 Mr Kyaw Min Director Earth Renewables Pvt Ltd, 22-Nov-13
Yangon
4 Mr Myo Myint Advisor Earth Group of Companies 22-Nov-13
5 Mr Aung Kyaw Thu Engineering Manager  Earth Group of Companies 22-Nov-13
(Design)
6 Mr Kyaw Kyaw Director Green Planet Association 22-Nov-13
7 Dr Ohnmar Khaing Coordinator Food Security Working 22-Nov-13
Group
8 Dr Thinn Thinn Latt Lecturer, Department  University of Yangon 22-Nov-13
of International
Relations
9 Mr U Aung Myint General Secretary Renewable Energy 23-Nov-13
Association Myanmar
10 Mr U Hla Myint Central Executive Renewable Energy 23-Nov-13
Committee Association Myanmar
11 Mr U Than Htay Central Executive Renewable Energy 23-Nov-13
Committee Association Myanmar
12 Mr Daw Sane Sane Central Executive Renewable Energy 23-Nov-13
Committee Association Myanmar
13 Mr U Win Khaing President Myanmar Engineering 23-Nov-13
Society
14 Mr U Myint Soe Chief Executive Myanmar Engineering 23-Nov-13
Officer Society
15 Mr Khin Maung Win  Joint General Secretary Myanmar Engineering 23-Nov-13
Society
16 Mr Saw Khine Htun Chief Engineer Soe Electric & Machinery Co. 23-Nov-13
Ltd
18 Mr Phone Wai Myint International Co- Soe Electric & Machinery Co. 23-Nov-13
ordination Manager Ltd
19 Dr Win Khaing Moe Director General Myanmar Scientific and 23-Nov-13

Technological Research
Department, Ministry of
Sience & technology, Union
Govt of Myanmar
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20

21

22

23

24

Name Designation Organization Meeting
Date
Dr Sint Soe Deputy Director Myanmar Scientific and 23-Nov-13
General Technological Research
Department, Ministry of
Sience & technology, Union
Govt of Myanmar
Mr U Hla Thein Aung  Deputy Chief Department of Rural 25-Nov-13
Engineer Development, Union Govt of
Myanmar
Ms Kyu Kyu Khin Director Department of Rural 25-Nov-13
Development, Union Govt of
Myanmar
Mr U Thoung Win Managing Director Myanmar International 27-Nov-13
Consultants Limited (MMIC
Co., Ltd)
Member National Energy
Development Committee,
Union Govt of Myanmar
Mr Win Hlaing Deputy Director Planning and Statistics 21-Nov-13
General Department, Ministry of

Environmental Conservation
and Forestry, Union Govt of
Myanmar
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About TERI

A unique developing country institution, TERI is deeply committed to every
aspect of sustainable development. From providing environment-friendly
solutions to rural energy problems to helping shape the development of the
Indian oil and gas sector; from tackling global climate change issues across
many continents to enhancing forest conservation efforts among local
communities; from advancing solutions to growing urban transport and air
pollution problems to promoting energy efficiency in the Indian industry,
the emphasis has always been on finding innovative solutions to make the
world a better place to live in. However, while TERI's vision is global, its
roots are firmly entrenched in Indian soil. All activities in TERI move from
formulating local- and national-level strategies to suggesting global
solutions to critical energy and environment-related issues. TERI has grown
to establish a presence not only in different corners and regions of India but
is perhaps the only developing country institution to have established a
presence in North America and Europe and on the Asian continent in Japan,
Malaysia and the Gulf.

TERI possesses rich and varied experience in the electricity/energy sector in
India and abroad, and has been providing assistance on a range of activities
to public, private and international clients. It offers invaluable expertise in
the fields of power, coal and hydrocarbons and has extensive experience on
regulatory and tariff issues, policy and institutional issues. TERI has been at
the forefront in providing expertise and professional services to national
and international clients. TERI has been closely working with utilities,
regulatory commissions, government, bilateral and multilateral
organizations (The World Bank, ADB, JBIC, DFID, and USAID etc.) in the
past. This has been possible since TERI has multidisciplinary expertise
comprising of economist, technical, social, environmental, and management.

www. teriin.org
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Introducing Joint Crediting
Mechanism and objectives
of the study
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IGES

Myanmar’s negative GHG emission

100000 -
50000
Bhutan(2000) Laos ( Bangladesh (1994) Cambod 4) Myanm 0)
-50000 -
® Emission
-100000 - m Sink

..then why care about low-carbon?
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Why low-carbon still matters: scale

mmmm Principal Significant —@—Share of Total ODA
20 14%

b

/0 - 12% E

5 T 10% E

c =

= 8% O

o 10 <

o 6% O

> “@©

5 _ 4% E

2% ©

| :

i . 0% <

2006-7 2008-9 2010-11
Bilateral commitments, average over 2 years Source: OECD 3

Why low-carbon still matters:
co-benefits

Low-carbon measures

Renewable energy

Energy efficiency

Integrated waste management
Energy-efficient water

treatment

Low-carbon transport
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Off-grid access to electricity,
reduced indoor air pollution,

Reduced air pollution and
energy bills

Enhanced recycling, reduced
water pollution

Improved water quality

Reduced air pollution and
traffic congestion
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INTRODUCING JAPANESE JOINT
CREDITING MECHANISM

How JCM works

JCM Scheme Finance +

Technology
JICM
Myanmar

Carbon credits

Benefits to Japan Benefits to Myanmar
- GHG reduction at - Advanced Japanese technology made
lower cost available at significantly lower cost
- Market opportunities - Attracts low-carbon investment
for Japanese firms - Improved environmental
performance

- Reduced fossil fuel dependency )
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Bangladesh: March 2013

Lao PDR, August 2013 Indonesia: August 2013

10 countries signed
up to Joint Crediting
Mechanism

Costa Rica: December 2013 Palau, January 2014

Three key actors in JCM

JC allows projects to
focus on Japan’s Joint

strength and host Committee
country's demand

PP is composed of
Japanese and host
country’s entities

Project

Decision-making
body composed of
two governments

Third Party
participants

Entities

Project Validation and
implementation verification
and monitoring 8
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Providing incremental cost

e Japanese government subsidizes G\
low-carbon technologies

— Global Environment Centre (GEC) GEC
finance up to 50% of the initial
investment cost

—New Energy Development

Organisation (NEDO) provides full initiaI/\
finance, and installed facilities are (_NEDQ

purchased by project participants at later
stage

Ongoing JCM projects

Mongolia
Introduction of energy-efficient heat boilers

Cambodia
Small-scale biomass power generation using

sterling engine

Vietnam:
Integrated energy efficiency improvement in

beer factories

( Bangladesh:
Non-combustive brick making
(does not combust coal)

Indonesia
* Introduction of energy-efficient industrial air

conditioner
* Energy improvement in convenience stores
(using high-efficiency freezers, air
conditioners and LED lightings)
 High-efficiency freezers
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With Myanmar...

e Exploring the
potential of low-
carbon waste
management in
Yangon

e Exploring the
potential of off-grid
renewable energy
sources (with Indian
TERI)

Ongoing feasibility studies in

Myanmar
Run-of-the-river small-scale Nippon Koei GEC
hydropower (CDM-FS)
Binary geothermal power Nippon Koei GEC
Solar/diesel hybrid system Mizuho Bank / Hitachi GEC

Zosen

Waste-to-Energy incineration plan in JFE Engineering MOE)J
Yangon
Off-grid energy supply through TERI*IGES MOEJ

renewable energies
Risk husk based electricity generation TBC NEDO

12
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Objective of this study

e Assessment of the overall policy framework of off-

grind renewable energy supply and availability of
renewable resources

* Basis for potential cooperation/investment by

Japanese technology firms (e.g. Panasonic) and
implementation

Technical Detailed Model

Assessment . feasibility n implementat Scale-up
Study study v ion

Japanese

Technology JCM Funding
Firm

13

Thank you.
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Delivering energy access through clean energy in Myanmar -
A technical assessment for off-grid energy supply

Technical Lead
The Energy and Resources Institute (TERI)
Research Collaboration

Institute for Global Environmental Strategies (IGES)

Ankit Narula
The Energy and Resources Institute (TERI)
ankit.narula@teri.res.in

Structure of Presentation

About TERI
Objective of the study

e Situation analysis of rural electricity sector
e Renewable energy resources in Myanmar

e Roadmap for off-grid electrification in
Myanmar
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What is TERI

* A not-for-profit research & development and policy think tank;
e Established in 1974 in New Delhi;

 More than 1000 professionals, with centers spread across 5
cities in India; Overseas presence in London, Washington DC,
Tokyo, Dubai and Addis Ababa

Working Areas

e Energy (inc. RE) &
Power

Regulatory practices

Habitats and Weshngion 00 New Belhi 3, * 4 Tokyo
transport O R

. Goa®sBangalare !
Environment _ ) W
Water and NRM . gy
Climate policy
Bio technology
Social Transformation

Londah =

Objective of the Study

e Undertake feasibility for identifying alternative
technical and delivery models, especially through
solar and biomass energy;

e Provide a road map for renewable energy based
rural off-grid electrification program for
Myanmar;

This workshop aims to present the study findings to key stakeholders
of Myanmar and brainstorm for developing the off-grid electricity
sector road map
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Methodology

e Extensive review of Literature
e Scoping Mission to Myanmar (20-28 Nov, 2013)
Meeting with key stakeholders (Met 24 experts)

Data analysis
Stakeholder workshop (4t March 2014)

e About TERI
e Objective of the study

e Situation analysis of the rural
electricity sector

e Renewable energy resources in Myanmar

 Roadmap for off-grid electrification in Myanmar
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Profile of Myanmar

Myanmar Cambodia Laos Thailand Indonesia India

Total population (million) 61 15 6.5 66.8 246.9 1237
Electrification rate (%) 49 31 63 88 73 75
Total population without

electricity (million) 24.7 10 2.2 8 63 293
Rural electrification rate

(%) 28 16 51 82 56 67
Per capita electricity

consumption (kWh) 121 144 NA 2,335 639 879
GDP per capita (S) 1,126 944 1,369 5,775 3,557 1,516
HDI rank 149 138 138 103 121 136

Source: IEA,2012; UNDP, 2013; PIDS, 2013; MOSPI, 2013; UNSTATS, 2012

Electricity situation in Myanmar

e More than 70% of rural
population depends on diesel
lamps, batteries or candle for

" y A Number of villages in Myanmar

lighting (typical expense Us$ 9- i i i |
ectritied villages (grid connected 4520

12 per month) —————

Un-electrified villages 43,503

* National power grid covers only
4.5% of the villages; 23% by off-
grid means

Source: MOEP, 2013;

e Grid covers mostly central part of
Myanmar along the highway
from Yangon to Mandalay
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Region wise electrification

. Percent .
State/Region Electrified No of Villages

Grid Un-
eIec.trlflc Off-grid electrified
ation

41 53 42 416
35 738 189 2313
Monstate [V 254 318 628
KachinState  [NNPL: 1 283 2295
23 309 2070 2416
Kayin State 23 46 79 1938
Sagaing Region 22 624 3060 2295
Chin State 16 - 326 1026
Ayarwadi Region 10 343 2992 8602
Shan State 9 374 786 13424 SRt
Tanintharyi Region 9 573 1611 2588
Rakhine State 6 - 1033 2827
Source: Palang
Source: MOEP, 2013; Thai, 2013

Electricity Tariffs

* Grid connected tariff:
— 35 kyats (3.6 US Cents/kWh) & per kWh for residential, municipal users and
— 75 kyats (9 US cents/kWh) for public industry and enterprises.
— Tariff reportedly to be increased to 50 kyats (5.15 US Cents/kWh) for
residential (if consumption exceeds 100 kWh) and 150 kyats (15.4 US

Cents/kWh) for public industry and enterprises (if consumption exceeds
5,000 kWh)

e Off-grid:
— Private Power Providers:

* Diesel: 200 to 500 kyats/kWh (USS 24 — 60 cents) or 2,000 kyats/point/month (USS
2.5).

* Gasifier: 200 — 700 kyats/kWh (USS 24 — 85 cents) or 1,000 kyats/point/month
(USS 1.2)
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Trend of electrification in Myanmar

e 50 villages per year from 2003-08

Electricity access through national grid
5000 - | * 800 villages per year is being currently
el 2 electrified (since 2009)
F 3500 +
'_0‘“ 3000
3 2 e Considering the current trend, it may
<Z‘§ el ~ take 50 years to electrify all the villages
500 A z E g =
T g € 5 ®8 8 8 o 8§ a e Considering the electrification target by
E § § BE 8 8 8 § &8 % 2030, the rate of electrification will have
Year to be increased to 2600 villages per year
SOUECE MOER I20% * RE based Off-grid options thus have a

very big role to play because of:
* Low gestation period
e Can use locally available resources,
which are in plenty in Myanmar

Experiences of Off-grid Electrification in

Myanmar

e Government Supported Projects:

— Small hydro (1 kW to 10 MW power plants): 32 small and
mini hydro plants installed by ESE. Regional govt. — 17
mini/29 micro/6 pico hydro plants. Irrigation dept. installed
870 kW hydor projects.

— Diesel generators: 645 plant by MOEP (77.6 MW)
electrifying 312 villages.

— Biogas: Power generation from biogas up to 19 MW

— Solar & wind: 116 kWp & 519 kWe resp. (by 2009)

* SPV based community battery charging station in collaboration
with Yoma bank & Energy Planning Dept.

* Demo projects with assistance from NEDO, MOEP, MSTRD & Dept.
of Physics

e System installed in schools & institutes with assistance

e Wind turbines installed at Technological University (Kyaukse),
Govt. Technical High School (Ahmar) etc.
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Experiences of Off-grid Electrification in

Myanmar — Cont’d

e Privately Operated Projects: Diesel, hydro, solar &
biomass gasifier
— 2 to 5 kW hydro systems installed for own use and supply

— Solar based home systems (SHS), battery charging, water
pumping, resorts etc. installed

— 50 to 75 Wp SHS in villages; comes at USS 300 to 500

— Many SPV companies: Earth Renewables, Sunlabob,
Bennu-Solar, Proximity Designs etc

— Around 1,096 biomass gasifier operating (as on 2010)
based on wood chips & rice husk for electrification.

Experiences of Off-grid Electrification in

Myanmar — Cont’d

e Donor funded projects:
— Hydro power, solar PV and biomass gasifier
— SPV based charging stations are installed

— Many operating on VEC model in Sagaing,
Mandalay, Ayarwaddy, Shan & Mon states

— ADB, UNDP, UNIDO etc. have funded these
projects
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Targets for electrification

e Grid connected

rolcclecte Required
C C 0
Populati V
2013-14 2014-15 2015-16
. 10,444
2UL NN e m———e = Villages 3575 4116 4793
2021-26  70.45 60,132 60
2026-31  74.42 111,100 80
e Off-grid:

— MOLFRD will electrify 1300 villages by 2014-15

RE Achievement & Target

Wind power targets

Solar power targets

120 @ 420 @1209

Source: Khaing, 2013
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Issues and Challenges

e Multiple ministries involved in rural electrification —
may lead to non clarity in roles , thereby project
execution

* While long term target for grid extension and installed
capacity exist, Only short term target for off-grid
electrification

e Tariff imparity — this may slow the process of off-grid
electrification

e Uncertainty in policy framework - private sector may
not be willing to invest in off-grid options unless there
is clarity on the long term returns from the project

Challenges in RE based off-grid

electrification

e Technical:
— Lack of regulations, codes, standards etc.
— Lack of trained human resources to scale up off-grid
— Waste disposal from gasifier
— Limited R&D
e Financial:
— Limited funds

— Lack of proper financing mechanisms/rural energy financing
market do not exist

e |nstitutional:
— Complicated framework
— Communication & coordination
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e About TERI

e Objective of the study

e Situation analysis of electricity sector

e Renewable energy resources
In Myanmar

 Roadmap for off-grid electrification in Myanmar

Solar Resource

Annual average daily solar radiation

between 4.4 — 5.2 kWh/m?/day

Central portion receives highest

radiation. Other regions also receive

adequate solar radiation

e Total potential: 51973 TWh/yr.

40
35
30
"
52
&
& 20
=

? i
le'

(-9
10

5

o+

30.98

19.89

10
0.04 0.59 I

229
|

3942 4244 4447 4750 5053 5356 5658

Solar radiation (kWh/sq. m-day)
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Biomass Resource

m Mixed deciduous

AT ® Hill and temperate
Quantity OWETI' ., evergreen

g 0
(million generatlo % 1 Tropical evergreen

ton/year) n .
potential

MWe
60 - 70

M Dry

H Deciduous indaing
forest

Lumber waste 1.50 15 - 25

Bagasse 2.10 25 - 35
0.24 1-1.5

1 Tidal, beach, dune
and swamp

Livestock waste 34.4 0

Woody Biomass 5,256 300 - 400

MES, 2012; TERI, 2014

Wind Energy Potential

e 2930 MW: Mon state, Kayin
state, Thanintharyi region,
Shan state, Kaya state

e 1102 MW: Chin state, Rakhaing
state, Ayeyawaddy region and
Yangon region

e Overall potential of 360.1 TWh

&
"j‘
b2

a4

oogle FEE e Y
Source: MOEP, 2012
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Small/micro hydro Power Potential

e Small/micro

" State and Micro hydro capacity Small hydro capacity

S WO rI d b an k Number of Projects Number of Projects

projects capacity projects capacity

estimates = = 7 e
100' OOO MW ;i 1364:4 224 623.89
potential for 5 0806 ) 133
t h e count ry Mandalay 3 0.65 2 6.25
division
e ESEinstalled33 == | . . -
M W S H P i n Kayah state 2 0.158
o, Bago division 4 1.89
addltlon to 6-51 Kayin state 8 0.864 1 3
MW installed by Lmzaams = :
. aninthaylidiviso . g
other agencies
Total 101 28.787 50 167.93

Source: MOEP, 2006

Challenges — RE resource assessment

e Technical:
— Inadequate ground measured resource data

— While many organisation has independently done
resource assessment studies, all information have
not been compiled and available at a central
depositary

— Validation of satellite based data is required
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About TERI

Objective of the study

Situation analysis of electricity sector

e Renewable energy resources in Myanmar

e Roadmap for off-grid
electrification in Myanmar

Technical and delivery model

e Decentralized/stand-alone interventions
e Centralized mini-grids (solar, gasifier, MHP, hybrid)

e Multiple delivery models, depending on local
conditions
— Village Energy Committee
— Entrepreneurial approach/Private Sector led
— Micro financing of stand-alone products
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— Suitable for areas where purchasing power is
low (Ref. LaBL, India);

— Demand is only limited to lighting & mobile
phone charging;

— Fee for service model (user pay for the
service and not buy the product)

— Typically 50-100 lanterns/batteries

— Given to village entrepreneur on down
payment and installment (financed by local
bank)

— Percentage of revenue to repay loan and rest
as income

— ltis already prevalent in some areas, hence
may be easy to implement

— Local bank financing may be required for
infrastructure set up

— Combination of SCS and DC micro-grid, Suitable for high
density areas -only suitable for lighting load & mobile
charging facility

— Micro-grid supplies power from central plant to
households using DC distribution line

— For low density areas, line losses will be high, so not
suitable

— Fixed connection — LED based light to 20-60 houses

— Fee-for-service: renting lanterns and/or weekly/daily fees
for fixed lights —Local enterprise can have option for
mobile charging, selling LEDs, and efficient cook stoves,
act as energy hub

— Local bank financing may be required for infrastructure
set up
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Green Mini-grids (AC)

— Suitable for densely populated areas; Mandalay,
valley of Ayeyarwady river, Sagaing, Bago etc.

— Can provide both lighting and power productive
appliances (full range of rural services)

— Architecture similar to conventional grid

— Can be based on Solar PV, biomass gasifier,
hybrid system of solar, biomass, wind and/or
diesel

Delivery Model

— Both community based or private sector led
implementation based on local conditions i
Revenue

— In VEC model, active participation of local / \

community is central Gasifior Power
. . Plant
— However, experience from India shows Yossiien USERS

beneficiary payment is poor in many places higher tariff
because of poor paying capacity
. . . . . . . Power for ower
— Integrating livelihood with residential services SMiEs :

(Electricity supply for commercial activities)

(Shops, cold storage,
Milling etc)

Mini-grids — Cont’d

— Private model — major role of district government, local
bank with nodal ministry to train and select local
developer

— Energy Service Provider (ESP) Model or BOOM can be
tested in not-so-remote villages, with large population

— District level project developer or rural energy service
company taking lead in clustering villages

— Responsible for system the engineering, installation,
operating and maintenance

— VEC act as regulator and set tariff, biomass price, redress
grievance
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Mini-grids — Cont’d

Summary of transactions between key entities in the ESP model

ﬁo. Entities Offers To Expects in return Instrument
Payment for fuel supply ~ Biomass price
L SHGs s ESP (for biomass projects only)  set by VEC
Tariff set by
project
2 ESP Electricity Consumer Payment of electricity developer in
consultation
with VEC
Developer (through . - Connection
3 Consumer Payment ESP) Reliable Electricity Agreement
4 OEM AMC Developer Payment AMC agreement
5. ESP Payment Developer Services and training Lease
Agreement

Viability of mini-grids — Rule of Thumb

For mini grids with total load ranges > 100 kW

(a) Estimated number of potential connections (N) in the community, and
(b) Average distance of the rural community from the centralized grid (D).

If N/D < 2 connections/km — then grid extension is not likely to be viable
If N/D > 30 connections/km — then the grid extension is likely to be viable

For mini grids with total load ranging >10kW

Calculating the total number of connections (N) within 500 m radius from the rural
community centre where the plant is situated.

If N>100 — the grid could be a viable option. Viability would also depends on load density
If N<100 — in this case, it’ll be challenging to sustain an adequate level of O&M as well as
efficient cash management over time.
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Solar Home Systems (SHS)

— Suitable for sparsely populated

— Flexible as per individual’s demand; can vary from 10
to 200 Wp

— Supply power only for lighting, DC fans, TV etc.

— Price varies between USS 120 To 160 for 100 Wp
systems

— Solar LED home lighting much cheaper: USS 100-300

— Consumer financing model, similar to IDCOL,
Bangladesh, with loan at 12-15% per annum for 2-3
years will help in scale up

Recommendations

e Coordinated approach

— Have a department under MOEP for rural electrification
for grid connected as well as off-grid development may
lead to better outcomes

— Develop Master plan for rural electrification, focusing
on both grid and off-grid options

— Single window service for private developers/
concessionaire approach

— Aspect of best applied technology. Off-grid plants can
be integrated with national grid when grid reaches such
areas avoiding technology obsolescence (e.g. China)
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Recommendations — Cont’d

* Financing
— A key challenge in scaling-up and up gradation of projects.
— Mainly rural areas have high upfront cost
— Designated Financial Institution who can promote micro financing of SHS,

lanterns etc. to consumers and also lend to village entrepreneurs/ private
developers at low cost of capital

— This may be done through:

e Designated financial institution to generate low cost of capital -assistance from ADB,
JICA, World Bank etc.

e Central bank of Myanmar can have lower interest rate for clean energy project esp.,
energy access projects

* The designated institution to partner with regional cooperatives, MFI & NGOs in
states/regions for energy access financing

e Organize training for local financing institutions regarding technology,
standards/quality assurance, business model etc.

e Reduced tax on RE equipment imports & promotion of local manufacturing through
technology transfer (e.g. India, Japan, etc.) to keep the product cost low

Recommendations — Cont’d

e Adoption of International Standards
— Important for both end-consumers and enterprises

— LED lamps available. Electronics more prone to
expiry
— Performance oriented technical specifications

— Incorporate environment component in the
standards.

— |EC standards should be adopted
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Recommendations — Cont’d

e Establish Service Centers

— Experience indicate product sale without provision for
service may not yield desired results in developing
countries

— Need for after sales service after technology diffusion

— Training centers for responsive maintenance and
training technicians (involve Technical Universities and
Tech Schools, spread over entire Myanmar)

— Bilateral/multilateral support can be tapped in this
regards

Recommendations — Cont’d

e Multi-stakeholder capacity building

— Training workshops (in-country) for stakeholders across
value chain of RE and energy access like government
authorities, vendors, manufacturers, implementers,
research org. & financing agencies.

— Arena for exploration, sharing knowledge, success stories
etc.

— Exposure visits to successful off-grid electricity access
project in South & South-east Asian countries for various
stakeholders —

— Capacity building for researchers on data collection,
standards, methodologies etc.
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Recommendations — Cont’d

* Transfer of technical knowledge

— Patents and IPR concerns may hamper in acquiring
technologies

— Transfer of knowledge around technical know-how
to assemble SHS, lanterns, pico-hydro systems etc.

— E.g. Reference circuit designs of technologies to be
transferred to manufacturers

Recommendations — Cont’d

 Harness NGO experience for policy advocacy
— In Myanmar NGOs plays a critical role

— NGOs mainly restricted to service delivery and less on
policy advocacy

— NGOs have better experience about rural dynamics
and energy issues

— Training/Exposure visits for NGOs along with
Government officials for policy learning from other
countries (e.g. Indian Solar Mission, Thailand Rural
Electrification Program) - Can IGES assist?
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S. State/Divisi Status of Wind resource Solar resource Biomass resource Technolo
No on Electrification (m/s) (MJ/m2/day) gy option
e pERiRRaR T Beorly e S TR Evargreany S
electrified (Good/Average) (Average) Deciduous forest hybrid
Mini-grids
2 Sagaing Poorly 3-4 (Poor) 15-17 Evergreen/ Biomass
electrified (Average/Good Deciduous based
) forest/rice husk Mini-grids
3 Rakhine Poorly 7-8 15-16 Evergreen/ Solar-wind
electrified (Good/Average) (Average) Deciduous hybrid
forest/rice husk Mini-grids

e Feasibility of location & technology

e Delivery models for scale up (Community vs.
Private)

* Involvement of local partners (such as MES,
others) — what type of involvement
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International workshop on sustainable waste
management in Yangon

12:00 - 17:00, 20 December 2013, Yangon

Venue: Yangon City Hall, Sule Pagoda Road, Kyauktada Township

Language of the workshop: English

Objectives:
To explore how integrated waste management system can benefit Yangon
To improve mutual understanding and coordination among international

stakeholders

Draft agenda

12:00-12:30 | Registration

Opening
12:30-13:00 |-U Hla Myint, Mayor of Yangon
-Kenta Usui, Climate and Energy area, Institute for Global

Environmental Strategies

Photo session
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13:00-13:15

Tea break

13:15-14:00 |Part 1: Introduction to Myanmar’ s waste policies
Chair: YCDC
(45mins) - Yangon’ s waste management policies, Than Lwin 0o, Head of
Department, Pollution Control and Cleansing Department, YCDC
- Myanmar’ s pathway for national waste management policies, MOECAF
Q8A
14:00-15:00 |Part 2: Towards low-carbon waste management: an opportunity of
integrated waste management system:
(60mins) Chair: Kenta Usui, IGES
- The potential of integrated municipal solid waste management to
reduce climate impacts of low-carbon management, Nirmala Menikpura,
IGES
- Feasibility of incineration technologies, and setting the right
tipping fee - Gen Takahashi, JFE Engineering
- Mechanisms to engage local communities for waste management
Takanobu Iwasaki, Tokyo Metropolitan Government
Q8A
15:00-16:00 |Part 3: Understanding the full picture of international cooperation
(60 mins) Chair: Kenta Usui, IGES
(5-10 mins each, max 2 slides)
- Japanese Joint Crediting Mechanism, Kenta Usui, IGES
- Yangon-Tokyo Cooperation on Waste Management, Takanobu Iwasaki,
Tokyo Metropolitan Government
- GIZ s initiative
- CESVI’” s assistance on Yangon’ s waste management, Gaetano Romano,
CESVI
Q8A
16:00-16:45 |Discussion: the way forward for Myanmar
(45mins) Co—chaired by Nirmala Menikpura, IGES and YCDC

Panelists (5 mins each):

- Takanobu Iwasaki, Tokyo Metropolitan Government
- Gen Takahashi, JFE Engineering

- MOECAF

- YCDC

List of possible guestions:

- How to promote efficient waste collection

- How to make waste management financially sustainable

- How to promote Ilow carbon waste management in Yangon with
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international cooperation
How to effectively coordinate increasing international support
How to engage communities to work on waste management

16:45 - | Closing Remark

17:00 Than Lwin 0o, Head of Department, Pollution Control and Cleansing
(15min) Department, YCDC

BEi

BaRE

Hla Mying Yo domR&Y. AEOBRELNH -1, HEHBETH S IGES DHEH KLY,
D—9 a3y TOERZSA. I3IFXTITEEL, BRETHDHZE, d3(2&H0T
INEZ/LIILLARETHS I L. EFEBOHBIAICE T, JIEOERZR ST
ELHEH L. FERBAL,

Part 1: Introduction to Myanmar’ s waste policies

-Yangon’ s waste management policies, Than Lwin Oo, Head of Department,
Pol lution Control and Cleansing Department, YCDC

YCDC Than Lwin 0o BR &Y. YOI OEREVEBOTIKICET 2RI ITHhILI,
ERNCEEVNEERZHMINT 0. TNEZFTTIELRRTHY., YODCOFEZEFES
CEICE - TERBEMIZHIMEZHE L TWA LI BHICE>TWS, HILWLW ISV M
4 FICRBFETCHY. BEEYHREBLERF LTS,

-Myanmar’ s pathway for national waste management policies, MOECAFPart 1:
Introduction to Myanmar’ s waste policies

BERSHEMEBERLHEIEEMD Hla Maung Thein KIZ& 3. S v U v—DBER
RICET DR RN TNz, HRAGEELSIIESNIFELTEY ., —& L1ziEH
ENRTETLEWNIE, UM SDFEENFLUNTHE L EDIEENH -, BE
MERICEAL TIX, ELRNILTORENEEBREERET 8L H 5,

BRISE

Sy UV—TRBREHRESHIAUB LN > EBMLTVEN, FIEED K S KRN,
—MOECAF O h(KIRZEEI L=y kA TETLS,

ELRILOTHOREYVERHIRIL. ESHDIENA>TLED,

-/ )oz—, INEPELERTH D,
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Part 2: Towards low-carbon waste management: an opportunity of integrated

waste management system:

Chair: Kenta Usui, IGES

- The potential of integrated municipal solid waste management to reduce
climate impacts of low-carbon management, Nirmala Menikpura, IGES

IGES A =4/ TSHEEIZELY.,. YUIUDREVERICAT IRROTEIRENT
hiz, TWE®D Open dumping THEIRBUSENLEZLDAZUARELTEY.,. RiE
EE~DEEN DD LR, VYA O ILEZXZBEL-EYLZLEIZK > T, GHG HIFED
RN HZENDZE, TOEDICIIBEDEMCOAIZELT. REYDOEHEICL -
TERE. DNIBOAEZEZDPHENLTREVEENVETHD LIEHL. 214 TO
EHEBNLE-. BEWREBICOVTIE, BEVORDKDELEICE>TKRELE
BHZT51=6. BEICHET S2LEFERE,

- Feasibility of incineration technologies, and setting the right tipping
fee - Gen Takahashi, JFE Engineering.

JFET U7 UIEBREY., FE T SHDOBN & FDEEREMIZDULNTDEREA

D&, JON DN ZE1T oz SYUI—ITEVWTHRAIFIZIFDEATHS-H, NS

BINIDE DA SIEO T, BEBEFZHBATWC ZELREETHY ., ERFLEBET

CETIMNEDERICT Y ERATEHATEEM L 1EH,

- Mechanisms to engage local communities for waste management, Takanobu
Iwasaki, Tokyo Metropolitan Government

HREMEBEKKY., RRBOREVNEEOEHEN. BREBEV YA VILEDOEHEA

ZFIZTOWTOHERRLEH 1=,

BHEILE

- AN EEYER (ISW) CEL T, EERZFHRZL TLIZEKRESTRIEB LD,
SIS IZIFFELRGRAIENH S, BREEVWSEITTIXEROERZEBLIZLITHLL
AIREMEN DD, ISMICKDHEEND TS ADEE (FEREDRELE) 2@
[CHLTWCOMNEFELL, Ff=. /A>T Ly FEOHRYEER,

(MOECAF) > I &LHEAR, IGES & DIFHEFEEZELT S,
BREYMSO GHGHEHERFED LS ICEELI=DH,
—IGES MEAFE L= V—ILZFIH, A2 COHIEW®, BiRIEET 2HHEEFLEHTE
BELTWA, Y—JLIZ IGES @ Web 44 FHhvio AFATEE,
IO v ov—IZBWWTELFET R L E,
SSI v UT—IXIMIZIZFFELEL L TULEWA, ATEEREEI+2ICHB, Sy 7v—E
BREFMELBABFAOR CTHRABREZROHIDELH S,

Part 3: Understanding the full picture of international cooperation

Japanese Joint Crediting Mechanism, Kenta Usui, IGES
IGES #EH &KUY, JOM [ZDOVVTHRK, tEOEHDEHFI®, S v v—TCHEHDH
SAEHELGEEMN LT,
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Yangon-Tokyo Cooperation on Waste Management, Takanobu Iwasaki, Tokyo
Metropolitan Government
HREMEBEK LY., YOOUERRTORATITONEET—0 23y TOEEZRAL
BHAL, REMENV UV IUHTHNEEYMLIFTHAZREL TCLWELLVLWENMEA DT,

GIZ” s initiative
YCDC Aung Myint Maw K&k Y. YCDC & GIZ digpAh7asxH FZDODWTEBNILH-1=.
GIZ IZREBFELERMEDEHY I UHTRIZEZ A Y VBB EREBE, T—4%H LIz,
BRAGRKUEEMENEML TSI ENREINT,

CESVI’ s assistance on Yangon’ s waste management, Gaetano Romano, CESVI
CESVI [Z1 2 T7HRNGOTHY. EUNLEEZH/T. 12 T70EMHELEELTL
5, CEVI [Fv T3 DOMRICTERADERERETBEZRIEL TS, B
L wet/dry DZHDRFNNBELNZEEINTELT. CAOHEICKY VKRR M
EDERIENHEETETDE LT,

Discussion: the way forward for Myanmar
FHEEGREICEY., YOOUOEGURGEEYEERICE L COERIN G I,

REE : RRERHEIE, VoI omeEDHAEREHELTOELVEZZ TS,

JFE ZVY . ERDBAVNEETH D, BRICEZDELESLGHRADERNILEZL HHD
—Gs %%(: L/—C:E) E’)L\T:ll\o

NOEGAF : & {40 5 TR IS AR AV C & T LVE LN S & AR £ ERRE, BEMI<HE L C 6 BY%
EEFENIE, £f-. HTEL-REVOLELITTEL, £EEBLEDO-74 7
YA IILTOREEVEEINLETH D, BHOEERENKRELRETHH=H. 5
ZERBRAZEFATELDTEGELD,

CSEVI:EHRl&E T—2 DINENBHTEE, FRNODEBEEFL 2B/ THRLD,
FEREDHBFEZTOTVWCRENHD. BEVIETOANIEROHSMELE LS
RHENABE,

JFE oD SATHA VL TOEZIIFEICEETHIN., TOERT., 5473
ALEWVWSEZIH D, BRIAFLREXEAT LHRICIE. MHRELITTEHEL, AVT
FTUORER. MEDIYRY. MRAEHEZEH-REMNLESA 7R MEZEZTRD
L5ONEE,

= :

YCDC & IGES & Y ¥ESmiRES, IGES HEFHIX, Yo IV DEEMPIREBEOTRKITIELFE
FEHRATELTEY., 13 —F3y FTHLEREZFEELEWLI EMNLZVEL, YODC A
EHNICEEREREZERTIEFTELERE, COLSHER. T—20HD L.

ERMEZIEER 0TI & HiEHE,
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YodromEREEZES (Yangon City Development Committee ) SiN#E :

U Hla Myint, Mayor .

U Kyaw Soe., Secretary.

U Nyi Nyi. Joint-Secretary,

U Htin Zaw Win, Committee Member (4),

U Soe Si, Committee Member (5)

U Than Lwin 0o, Head of Department, Pollution Control and Cleansing Department,
U Tin Ko Ko, Head of Department, The Administration Department

U Kyaw Than , Head of Department, Budget and Accounts Department

9. U Aye Kyaw Aung, Head of Department, Work Inspection Department

10. U Aung Sun Win, Head of Department, Co-ordination Department

11. U Than Htay, Head of Department, Assessors’ Department

12. U Kyaw Min, Head of Department, Revenue Department

13. U San Shwe Tun, Head of Department, Markets Department

14. U Than Htike, Head of Department, Veterinary & Slaughter House Department
15. U Tin Maung Kyi, Head of Department, Engineering Department (Roads &
Bridges),

16. U Myint 0o, Head of Department, Engineering Department (Water & Sanitation),
17. U Maung Maung Zaw, Head of Department, Engineering Department (Buildings),
18. U Aung Soe, Head of Department, Motor Transport &Workshop Department ,

19. U Bo Htay, Head of Department, Central Stores Department

20. U Ko Ko Lin, Head of Department, Playgrounds, Parks & Gardens Department,

21.  Dr. Myat Mon Aye, Head of Department, Health Department

22. Golonel Kyaw Shwe, Head of Department, Security & Disciplinary Department
23. U Myat That, Head of Department, City Planning and Land Administration
Department |,

24. U Cho Tun Aung, Head of  Department, Public Relations and Information
Department |,

25. U Aung Soe Than , Head of Department, Production Department

26. U Khin Win, Deputy Head of Department, Pollution Control and Cleansing

NSO~

Department
27. U Hla Win Aung, Deputy Head of Department, Pollution Control and Cleansing
Department
28. U Thar 0o, Assistant Head of Department, Pollution Control and Cleansing
Department

29. U Ye Myint Aung, Assistant Head of Department, Pollution Control and
Cleansing Department,

30. Dr. Aung Myint Maw, Assistant Head of Department, Pollution Control and
Cleansing Department,

31. U Bgwe Kyone, Sub-District Officer, Pollution Control and Cleansing Department,
32. U Aung Htike, Sectional Head (District Level), Pollution Control and Cleansing
Department

33. U Kyaw Moe Lwin, Sectional Head (District Level), Pollution Control and
Cleansing Department,

34. U Tun Tun Thaung, Assistant Engineer, Sectional Head , Pollution Control and
Cleansing Department,
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#th= v v —BFEEN DS INE
1. U Hla Maung Thein, Deputy Director - General, Environmental Conservation
Department, Ministry of Environmental Conservation and Forestry
2. Mandalay Gity Development Committee
3. Naypyitaw Development Committee
4. Environmental GConservation Sub-Committee, Yangon Regional Government
5. Environmental Conservation Department, Ministry of Environmental Conservation and
Forestry
Yangon Region Government

ftbtBSS &
1. CESVI

2. German International Co—Operation (GIZ) Myanmar

J—49 <3y TORF
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Current S‘ii‘uatlon

SOlld Waste ManagenYéni

0L =
| “¥¥angon C1ty| ,;1 )

ANGON CITY DEVELOPMENT COMMITTEE
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HLEGUE
TOWNSHIP

F- LAINGTHARYA! S
" rowNsHIP |) [
o,

o
_ﬁ-“

LEGEND

3 0

1985 YangonArea (133.643 sq. miles)
1991 Extended Area (89.574 sq. miles)
[[] 1996 Extended Area (13.433 sq. miles)
[l Handover from DHSHD (51.776 sq. miles)
- Wartayar Timber industrial Zone (4 sq. miles)
[]Y.C.D.C. Administrative Boundary (292.426 sq. miles)

3 6 Miles

The administrative boundary of YCDC,in 1985 ( 133.643 Sg-Miles)

and now a day ( 292.426 ) Square Miles.

3

Organizational Chart of YCDC

20-- Departments

( Including Pollution Control and Cleansing Department )
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Organizational Chart of
Pollution Control and Cleansing Department

-Officer
-Other Rank Head of Dept.
-Lab
abor v i
Deputy Head (East+South) Deputy Head (North+West)

v

PAISISiftanéhe?d | Assistant head | | Assistant head || | Assistant head | | Assistant head | [Assistant head ] JAssistant head ASSiS_tam head
SHRLRITAC A East South Admin Vehicle North West Pollution Control
1 1 1 1 1 1 l

i,
I
2 Divisional

1 Divisional 2 Divisional

C—

1 Divisionall > Divisional 2 Divisional head head 2 Divisional 1 Divisional
head_s heads heads (Admin.) (Vehicles) heads heads heads
(Pollution (East District) South District (North) (West) (Pollution

Control Control

[ i .
[ L
Final Disposal 7 TOWnS.hlp 9 Towns.hlp 7 Towns.hlp 9 TOWnS.hlP Final Dlsposal
Site Cleansing Cleansing Cleansing Cleansing Site
Dawei Chaung Forces Forces y- Forces (Htainbin)

Duties and Function

[0 Daily Cleansing .

B Waste Collection (House Holds, Markets,
Kerbshops, Commercials, Clinics and others)

B Waste Transportation.
B Disposed To Final Disposal Site.

[0 Pollution Control.

B Final Disposal Site Management
Cemeteries Management
Recycling Activities(YCDC and Privates)
Green Composting

Awareness Program for Local Communities and
Schools
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‘

» Collection and Transportation
/ \ Direct Haul

!

/

Transfer Point FDS
— 25 m3 Containers Dawei Chaung
Bell collection
Hand Carts
Residents - : FDS
Collection Point Htainpin

Brick Tanks _

‘ \_ Cemetery J
Private Recycling Industries '

L] Recycling Center of PCCD

Hospital Waste | I > Compactor Truck

Hazardous Waste Direct Haul and Special Treatment, on call 7

Solid Waste Management

Bell ring collection, Manual
Loading, Transport and
dispose to FDS.

Temporary Brick Tanks
(617) Nos
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P 9| Solid Waste Management
- m‘ N

r

Dust Bin, transfer to push cart,
OnGroundused =186~ Sets == mrapsport and dispose to FDS.

»

240 Liter Dust Bins, On
Ground used = 2056 -Nos
] - -

8

- e

660 Liter Dust Bins,
On Ground used = 1295 - Nos

YL yCDe

Waste collection Vehicle on Road =294 Nos

There are various types of vehicles, used in transportation of solid
waste. Many trucks are too obsolete to use for long term. It should be
replaced with new ones.
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Activities and facility in

Disposal Sites

PCCD have two main FDS and
each site only one Dozer for
dozing all waste.

The collected solid wastes were Location Map .

; of
transported and disposed to the two FNSTNRC AR o I %
Main FDS. Both of them are 30 km | Sites

and 26 km away from CBD.

Nga Moeik Site
(To be closed)

Le Ywar Site
(To be closed)

12
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Generation Rate Household Waste

0.396 Kg/capita/day
7.5 % OF CITY POPULATION

0.395 Kg/capita/day
TOWNSHIP OF CITY

0.312 Kg/capita/day
DATA BASED ON C.B.D OF CITY

0.287 Kag/capita/day
T 4

0.4 pr 2% OF CITY POPULATION
' 0.267 Kg/capita/day
0-35 3.2% OF CITY POPUL
0.3
S
0-25 O
0
0.2 N
S
0.15 N

002-€00<2
2002-900¢2
[TOZ-0TO0ZC

2012-2013, Current Generation is (1690) Tons Per Day

3
1540-TPD
1690-TPD

Waste collection is (1550) Tons Per Day 13

WASTE COLLECTED IN CITY

Waste (ton)
Caused of Decreasing Cause of Increasing

-

BReratio ale (ITVE HHE 2 SORC B
“* 1 Alllegal Dumping Proble ¥'Reduce illegal Dump
o000 A RECYClE Activities v"More Services & Facilitie
/# Migrated to Naypyitaw City
450000 /
440000 /
430000 /
420000 i
410000 /

2012-2013, Current Generation is (1690) Tons Per Day
Waste collection is (1550) Tons Per Day
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Existing Used Main ( 2 ) Final Disposal Sites & (4 ) Temporary Small

Location of
FDS site

HtainBin

Htwei
Chaung

Dala

Seikkyi
Khanaung
To

Mingalardon

Shwe Pyi
Thar

Constructed
Year

2002

2001

2003

2003

2003

2005

FDS

Planned Site ( Plant)
Capacity Area

- 150- Acre
Used- 70 Ac

- 55.77 — Acre
Used-47.4 Ac

- 1.3- Acre

- 0.25 - Acre

- 0.91 - Acre

- 1-Acre

Dispose Ton

Per Day

( Current)

847

612

10

25

50

Remark

Open
Dumping
Open
Dumping

Low Landfill
Temporary site

Low Landfill
Temporary site

Low Landfill
Temporary site

Low Landfill
Temporary site

1C

e 2L E o

Woods

Metals
Glasses

Crockery and Stones

Typical Composition

Rubbers and Leathers

Base on common composition which a few different percentage.

( Depend upon the Wet Season and Dry Season )

239
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Hospital Waste Management

Infectious Wastes
are dispose to the
Incineration Process

Sharp Wastes are
dispose to the
Deep Well Process

Industrial Zones In Yangon City

= 24 Number

»Industrial Zones in City
» Total Factories

»Garments

»Foodstuff

»Chemical

»Iron and Melting

» Cold Storage and Fish Processing
»Paper and Cardboard

» Distillery

»Forest Product

»Public Use Goods

» Others

240

= 3562

=126
=334
=56
=519
=45
=105
=9
=148
=709
=1511

18
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Daily Waste Generated of Industrial Zones

Sr Industrial Zone No. of Zones No. of Factories Collected Remark
No Location

East Dagon Food and byproduct of
sites

2 North Dagon 1 95 11

3 Dagon Seikam 2 94 4 “
4 South Dagon 3 2356 13 “
5 North Okkalapa 2 342 57 “
6 South Okkalapa 1 85 0.4

7 Thaketa 1 123 3 “
8 Mingalardon 2 40 6 “
9 Shwe Pyi Thar 4 249 6 “
10 Hly Thar Yar 7 137 6 “

TOTAL 24 3562 109.4

On Call System

Waste collected = 109.4 Ton Per Day 19

] 5% rE-= 1§ 5 a5 [N ]

Monthly Fee of
Household Waste

Collection

i
15 Mile B N

Satellite (300) kyat per month-(7)TSP

Sub-Urban (450) kyat per month- (10)TSP

/

CBD- (600) kyat per month— (15)TSP

o . 1
\Legend

5 Mile Radius
- Central Business District
Inner City
< fCCC DOUNHCR P - 221 Lo o ©
Outer City WLC P, AT 2Tl e
Dld Sul‘].lrhs Tl &G W FHETE A0 prezionns

New Suburbs
URPO. THEHD
Minkeiry of Comsbrnellom, 2008

|
241
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Structure of Rengmg Market

House Hold and /
Waste Generator °’

Collector/
Local Buyer

Household
Collectors

Factory/ Recycle |

Domestic User

21

Manufacturing Process of Recycle Product

Domestic
Waste
Container I

Infectious, Sharp, &
Domestic Waste Bags

Infectlous
Waste
Contalner

Plastic Waste

( After Melt) Sharp
Waste
Container

Plastic Resin ' Waste Bags Production

22
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Recycle and Reuse Materials; Direct to Whole Sale
Local Buyers ; Data Base on 2012

Particular Weight (T) Unit
Plastic .4, Ton
Paper 8.94 Ton

Cardboard 11 Ton

Leather A Ton
Iron 0.5 Ton
Metal 33 Ton
Copper 0.3 Ton
Lead 0.1 Ton
Glass 40.5 Ton
Tin Can el Ton

Recycle Waste Generated = 85.84 - TPD 23

Htainbin Final Disposal Site,
Tender Invited, Propose Location of (800) TPD
Can dispose Domestic Waste of YCDC area,
Sanitary Landfill Facilities, Bio-Gas to Electricity or CNG

AT

Daily Disposed = 8oo -TPD
. Tender invited at 2012

. Proposed Companies = 43 -No

. Pre selected = 5-No

. Final Full Proposal = ( 07- 08- 2013
. Finished selected = 1 no(00.10.13)

. Sanitary Landfill Facility

. Out put = Electricity

— ¥ P —
¥ - 3
- N AR 2010
i ¥ )
I N L S
S E
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Htawe Chaung Final Disposal Site
Tender Invited, Propose Location of (600) TPD

™ “ "+ -y 0 ) E RN
2 1 i e oM
ol L Wy ey -:"‘l" -"‘: \_A \
4 \' z .'; e S i ST Tl 3 " 4

S S Remarks

Total Area= 55.77 Acre

Daily Disposed = 600 -TPD( domestic)
Used Area= 47.4 Acre

Hazardous waste = 100 - TPD

Tender invited at 2012

Proposed Companies = 43 -No

Finished selected =1 -No

Final Full Proposal = ( 07- 08- 2013)
Finished selected =1 No, ( 05-10-2013)
Incineration Plant Facility

Out put = Electricity

SOFCOREI RO Ol s SOORED s

b [T = %, N

Proposed Area of Incineration Plant From'JICA, A ik o s
( Hazardous Waste- 100 TPD from SEZ ) g 59 =Google

o

_‘ \'l' ﬁ 'd ‘\\ .

Extend Areal

Proposed Area
About (338) acres,
Total = 400 Acres

Acre

L

©:2013'Google

mGoogle‘
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Kyisu Final Disposal Site

Proposed Area §
About (100) acres

Kyi Su 4 ;‘,
E

Cemetery e

£
{

B
11

E \

Htainbin Cemetery,
Medical Waste Propose Location

i f] el
7 I,

KU

Proposed Area
About (100’ x 100%)

. ﬂlﬁfagezz.ﬂ'\‘;D\g‘!a.G obe (;OOSIC earth

imagery Date: 12/8/2012 & | 2003 16:53117:98" N 96°01'31.51"E elev 23't Eyeialt & 961t
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Public Awareness
program 3Rs Activities

School
Awareness
program

Key Finding and Main Issues in Solid Waste

Lack of Detailed Planning of SWM

Inefficient Waste Collection System

Old Equipment for Waste Collection and

Transportation.

Improper Final Disposal

Unclear Enforcement of Hazardous/Infectious

Waste Management

Weakness of SWM Registratioii

246
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Policy and Goal

To research and develop on clean air, clean land,

clean water.

To integrate the action plans for ambient and
indoor air quality monitoring and upgrading.

To update the legislative system for EIA practices .
To enhance the techniques on “Waste To Energy”

WTE processes.

To promote greater awareness of environmental
and health risks from poor environmental
planning and management.

To upgrade the city green clean and healthy

livable.

31

fabir—=

‘Thank You

32
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m—_— ;-_-__u-_—___‘____—""':‘———---:-_—_-—-_.—.__ — —
International Workshop on Sustainable Waste

Management in Yangon

Myanmar's Pathway for
National Waste Management Policy

Environmental Conservation Department
MOECAF
20-12-2013

* Policy guidelines
» Opportunities and Challenges
» Waste Management Initiatives
* The way forward
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opment:

ustainable Devel
Economic and Environment

Economic

Social Environment

vironmental Policies and Laws
» Constitution (2008)

* Environmental Policy (1994)

* Myanmar Agenda 21 (1997)

» National Sustainable Development Strategy —NSDS (2009)
* Environmental Conservation Law (2012)

* Environmental Conservation Rules (Approved by Cabinet)
* Procedures for Environmental Impact Assessment (Drafted)
» Sectoral Laws and Policies
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Vision of Myanmar NSDS
“Wellbeing and Happiness for Myanmar People”
3 Goals
Management|of Natural Ecod\mic
Res 2S Development
I e i s
Issues

The Way Forward

Environmen Economic Social Perspec
Perspective Perspective (24 Indicators)
Indicators) Indicators)

Development

icy guidelines : Envir
conservation
* To lay down new policy for economic development

in parallel with environmental conservation
 To review and amend laws and enact new laws on
environmental conservation
» To conserve Forests and Biodiversity
» To reduce Air and Water pollution and control of
Industrial Waste and extend Renewable Energy
» To mobilize participation of people and social
organizations
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‘Green Economy

Energy sector: Energy efficient and renewable energy
e Agriculture: Sustainable Agriculture Production

e Livestock and Breeding: Sustainable pet industries

e \Water: Ecosystem, Quality, Pollution

e [orest conservation: Sustainable Forest Management
e Biodiversity: Value of Biodiversity

e Disaster Risk Reduction: Early Warming system

e Sustainable Cities: Green Cities

e (QOceans, Seas and Coastal Areas

e Mining

e Chemical and Hazard Waste Management

/P/O’I]Eygwdelmes : Guidelines of

Investment by MIC

To
safeguard
our

To protect
our

To protec o protect
Natural
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Opportunlty/ChaIIenges’>

Opportunity:
Mainstream Environmental conservation into Development
Planning to achieve ecologically sustainable development

Challenges:
Increasing Investment through both Industrial-based and Natural-
resources based Economic Development
» Development projects in terms of Oil and Gas, Dams and
Hydropower, Urbanization and Industrialization
» Leading to cause environmental degradation and pollution.

Political Willingness

Policy Guidance by
Government is to work for
Economic Development in

Parallel with
Environmental
Conservation

N P/

National Development

: People awareness
Planning

» People are great attention
on environmental

conservation for their
livelihood development
and their safety
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Over-use of Natural Resources

‘osystem and

snvironmental

resources
degradation, lost

Dam of habitat and

T biodiversity

Urbanization, Climate change
land use

exploitation change ,

of Natural

resources

development,
Special economic
zone

resource based
to industrial

based economy
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Areas of environmental issues

Forest
Resources
Degradation

Threat to
Biodiversity

Water
Resources
and Quality
Status

Extractive:
Mining
Industry

Waste
Management

e Management Imitya

* Myanmar Agenda 21 (1997) identified four programme areas, waste
related areas such as;

*Improve the solid waste management programme

*Promote environmentally sound management of toxic chemical and
hazardous wastes

* NSDS: To promote water quality, air quality, solid waste management
and environmentally sound management of toxic chemicals and
hazardous wastes.

eFormulate a solid waste management master plan and guidelines and
priority on big cities
*Enact a hazardous waste law

*Educate the general public to promote environmentally sound waste
management

* Develop a framework for hazardous waste management
Encourage private investments in solid waste management services
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aste Management Initiati

Environmental Conservation Law (2012):
* Prescribing environmental quality standards
» Specifying categories and classes of hazardous wastes

e Treatment of solid wastes, effluents and emissions which contain
toxic and hazardous substances

e Maintain a comprehensive monitoring system and implement

e Installing environmental friendly equipment to reduce
environmental pollution

e Controlling the wastes in accord with environmentally sound
methods

aste Management Initiativ

National Environment and Health Action Plan:

Priority areas of environmental concern

e Air Quality

e Water supply, Sanitation and Hygiene

e Solid and Hazardous Waste

* Toxic chemical and hazardous substances

e Climate change, Ozone depletion and ecosystem charges

e Contingency planning, preparedness and response in
environmental health emergencies

255




(EE&H8 RAREYI—IavTHERER MOECAF]

Waste-Management FArtrati

< asa

Some of Sectoral Waste Related Laws
* The Yangon Water-Work Act (1885)
* The City of Yangon Municipal Act (1922)
* The Water Power Act (1927)
* The Under Water Act (1930)
» The City of Yangon Development Law (1990)
* The Development Law (1993)
* The City of Mandalay Development Law (2002)
* The Nay Pyi Taw Development Law (2009)
* Chemical Safety Law

. — —
» Environmental Impact Assessment Procedures (Drafted)

* Environmental quality standards (drafting)
» State of Environmental Report (Drafting)

e Capacity Building of Environmental and Social Safeguards
Project

e A party to the Stockholm Convention on POPs in July 2004.
e Development of National Implementation Plan (NIP) for POPs

e Environmentally Sound Management on Chemical and
Hazardous Wastes (under discussion

e Adviser for Waste Management from KOICA
e Water management and EIA system (in process)
» National Waste Management Strategy (in process)
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Specific Rules, Regulation and Guidelines >

Waste Management and National Waste
Management Strategies Frameworks Formulation

Monitoring System >

Technology >

Coordination Mechanism and Institutional
Strengthening

Party of Basel , Rotterdam and Mercury

“MMINAM IV IV N

Financial Mechanism >

“The Way Forward

Collaborative Effort Initiative

UN NECC Pathway to : -

i \ Environment ustainable

Ag[e)r;)c;es, Mgﬁgng’ al Sound Development
’ Wate

Management
Policy

INGOs Ministries

Parliamen
t, NRECC
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* Formulate National Waste Management Strategic Policy
Framework

* Develop National Waste Management Rules and Regulations

* Develop Sectoral Waste Management Regulation and
Guidelines

* Promote Green Investment in Waste Sectors

* Formulate Environmental Quality Standards
* ldentify Priority Waste Issues and Action Plan
* Promote Technology

* Promote people particiapation through Environmental
Awareness Programme

* Promote regional level and international level cooperation

» Strengthen institution and the capacity building, and also the
coordination mechanism

National ! :

- Environmental )

Policy Fnvi National
_Ad nviron
- NSDS mental M
- Environmental Law Policy anagenl.ent
- Environmental Rule Strateglc
-Sectoral policy and POliCY

Laws

Framework

NECC/ Institution + Multi stateholders

National Waste—ework & Action
Solid Industri Hazardou
Waste al Waste as s Waste

Special DC ityl S )
Industry | Economi | V¢ || MM 1/ yeayeh || Land | | Asricul-
cZone | °PMe€ | 1ng ture

Marine

4 nt_ 2
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Thank you
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Integrated Solid Waste
Management: Towards
Low-carbon Waste Management
IN Yangon - Myanmar

Nirmala Menikpura, PhD
Sustainable Consumption and
Production (SCP) Group |
Institute for Global Environmental |4 4 !
Strategies (IGES)

Open Dumping is the Major Disposal
Method N Yangon
- Vo H‘-aw Gar 41 5

=

\ Shwe Pyi Thar 3
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Present Situation of Waste Management in Yangon

U This is the biggest open dumpsite in YCDC
U 847 tonnes of incoming waste is disposed per day

Future
» PCDC is planning to implement a landfill gas -to- energy recovery plant to
replace this open dumpsite & - — S

Present Situation of Waste Management in Yangon

U This is the second biggest open dumpsite
U 612 tonnes of incoming waste is disposed per day

DumpS|te at Htwei Chaung
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Present Situation of Waste Management in Yangon

Dumpsite at Shwe Pyi Thar Dumpsite at Hlaw Ger;
is@osal capacity — 50 tonnes/day ;

Future

* YCDC is considering installation of small incineration (without electricity
production) plants to replace these dumpsites .

Situation of Waste Recycling in Yangon

O According to Yangon City Development Committee (YCDC) 86
tonnes/day generated waste is recycling

U Valuable recyclables are stored at household level and sell to the
nearby junkshops

U YCDC is also running a small-scale plastic recycling plant and
green and blue plastics bag is produced using the waste plastic.

Tin Can __

“~ Plastic
7.09% ©

7.09%

Infectious, Sharp, &
Domestic Waste Bags -
Infectious

Waste
Container

Plastic Waste

( After '\Ii)

Glass

T

\ T~—_Copper
\_Lead 0.42%
0.14%

Composition of recyclables
in Yangon

Plastic Resin Waste Bags Production

Plastic recycling activities at YCDC 6
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Environmental Damage and Health Issues from
Current Waste Management in Yangon

Global Warming PG, Ko 2 e Ac |

50, + H0 =" SULFURIC ATID [H,

¥ i'm l"lll

Zn, gq,;'j_g_,__

Ground-wmet

Climate Impact from Current Waste Management in
Yangon

L IGES GHG calculation tool was used to estimate the climate impacts
from current waste management in Yangon

GHG emissions from Waste Transportation
YCDC uses 128,704 L diesel and 900 L of gasoline for waste transportation

GHG emissions from transportation 7.51 kg of CO2-eq/tonne of waste
Monthly GHG emission from transportation 349 tonnes of CO2-eq/month

GHG emissions from open dumping

Emission of CH, from open dumping 22.88 kg of CH,/tonne
Direct GHG emission from mixed waste open dumping 480.48 kg of CO2-eqg/tonne of mix waste
GHG emission from open dumping from monthly disposed waste 22,342 Tonnes of CO2-eq/month

CHA4 generation (Gg from

monthly disposed waste)

o [ N w
o U L N O W OB

12 3 456 7 8 910111213141516171819202122232425262728293031323334353637383940

Year (after disposal)
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Yangon

Climate Impact from Current Waste Management in

GHG emissions from recycling activities in Yangon

Direct GHG emissions from recycling

Avoided GHG emissions from recycling via materials recovery
Net GHG emissions from recycling (life cycle perspective)

Monthly total GHG reduction from recycling

866.42 kg of CO2-eg/tonne of mixed recyclables

2646.79 kg of CO2-eg/tonne of mixed recyclables
-1780.37 kg of CO2-eg/tonne of mixed recyclables
-4,593 Tonnes of CO2-eq/month

Overall GHG emissions from waste management in Yangon

25000

22,342

20000 |

15000 -

10000 -

5000 -

349
0

Tonnes of CO2-eq.month

-5000 - transportation

opendumping

-10000 -

GHG emissions from GHG emissions from GHG

from Overall GHG
emissions from waste

management

Is the Current Waste Management in Yangon
Sustainable?

O The conventional practice of ‘collection and disposal’ is
unsustainable in term of resource inefficiency,
environmental impacts and socio-economic impacts

eDifficulties in finding suitable landfill sites/dumping sites
eLarge costs associated with collection and disposal
eRecovery of resources (material and energy) is very low and so on

U To overcome these drawbacks development of
sustainable solid waste management methods is

crucial

Sustainable development
T T T

Social
Economy

Environment

10
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Integrated Solid Waste Management: A Practical
Solution Towards Sustainable Waste Management

*|SWM would be the most promising approach to solve the waste
management problems since it provides multiple benefits from waste

( Social benefits ]

% [ Environmental benefits |
oy

<

Integrated
waste
management

[

Economic benefits

J

[ Environmental benefits |

*These benefits from ISWM can be achieved by selecting and adapting
the best suited technologies to a particular municipality

1

Integrated Solid Waste Management (ISWM): A Practical
Solution Towards Sustainable Waste Management

~

~

5 T O .
Domestic and 15 km g |
street sweeping Anaerobic digestion
| n I 902 tonnes/ 902 tonnes/day
Avoidance of
Mix waste at the
Market and ectric

oot 7 F e sorting facility 2246 6 sl o Bl

MSW send to tonnes/day ‘j’
composting production

facility chain
700 tonnes/day 30 wonnes & Re |
{ - > 162 tonnes/day
Household & ’ 132 1onnes

waste s % Avoidance of

& 50 km ."m eria conventional

2 1 b ] nes 0
263 10NNCs\— ! 1212 tonne recove material
omposiing 3 production
Leachate treatment .
fachiity Landfill for
407tonne/da

system- reveres
Avoidance of materials Non biodegradable 49| osmosis
production from virgin 1475 tonnes/day
material

/

12

Intended integrated system for Kolkata Metropolitan, India
(Source: Menikpura, PhD thesis, 2011)
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Integrated Waste Management: Towards Low
Carbon Waste Management

A case study Muangklang Municipality, Thailand

The Muangklang Municipality is located in Rayong Province (19“
km from East Bangkok)

[0 It has a total of 13 communities and covers 14.5 km?2

[0 The registered population within the Municipality -17,200 (Dec
2010)

[0 This municipality has initiated an integrated waste management
system as a sustainable solution by incorporating effective waste
collection and transportation service, waste sorting facility for
recovery of recyclables, anaerobic digestion facility, composting
facility, raising some farm animals to feed organic waste and so on

13

Existing Integrated System in Mungklang Municipality,

Integrated Solid

Waste Management

14
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GHG Emissions and Savings Potential from Individual

Technologies and Integrated System

Direct GHG emissions (kg of CO,-equivelents)

I 1
: 1
|
I Recycling : Anaerobic Cora Use as .
T posting 2 Landfilling
I [pe::{:’:r‘;e g I (d;eg:cﬂl:’:: (per tonne of a':p':'::ﬂ?:d (per tonne of
: recyclables I il organic waste) Bt mixed waste)
: ' H H
L o0aqf| 135 1 o69f| 11213 418|| §is93 {1893
1 i 11
| ' ' i '
V4 - r'\L! r"‘)' (I e
[ GHG savings (kg of CO,-equivelents) ]
GHG emissions
73 kg CO,-eq

I Direct GHG emissions Net GHG

emissions
287 kg CO,-¢eq

GHG savings via materials and
energy recovery

i1 GHG savings via avoided organic

J\} waste landfilling 386 kg CO,-eq

GHG savings

*Net GHG emission from the integrated system is still positive due to high

[ fraction of waste landfilling (69.6%)

B

GHG Emission Reduction from Existing Integrated
System as Compared to the BAU Practice

800

600 - 17% GHG emissions

o

o}

8

2

N

(=]

[<5)

c

=

g

§A reductlon

CE-ISUNEEE 24 I
og 400 -

O£

(=)

=

z 200 - -

=2

2

= 0+

% Sanitary landfilling Open dumping Existing IMSWM
o without gas recovery system

Treatment method

by utilising only 30% of collected waste for resource recovery

meaningful contributions to global climate-change mitigation

\integrated waste management

KThis integrated system achieved a considerable reduction in GHG emissiorh
*Development of integrated systems would be a local initiative that could make

*In addition there is a high potential for obtaining socio-economic benefits via

/
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Summary: Towards Sustainable Waste Management
in Yangon

U Landfill gas-to-energy recovery and incineration would be the two
major technologies in the intended waste management system in
Yangon.

U To enhance the efficiencies:

-Careful planning is very important in the designing phase to avoid the
failure that may happen after the implementation

-Composition and the moisture content of the waste can be greatly
effected on the efficiency of the incineration plant. Pre-treatment
would be necessary

-Development of proper recycling scheme in Yangon would contribute
for significant GHG reduction and then to attain the target of low
carbon city

U For long term sustainability, development of appropriate integrated
systems, which designed for maximum resource recovery would be
the key driving force towards greenhouse gas mitigation as well as
for getting maximum economic and social benefits from waste

management in Yangon
17

THANK YOU VERY MUCH
FOR YOUR ATTENTION

Nirmala Menikpura, PhD \
Sustainable Consumption and Production (SCP) Group

Institute of Global Environmental Strategies (IGES)

E-mail: menikpura@jiges.or.jp j

Institute for
Global Environmental
Strategies
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2

S e Feasibility of

“Waste to Energy” plant
using JCM scheme

December, 2013

JFE Engineering Corporation

Waste Management becoming the great concern

In the course of economic development

Preferred Solution

Waste To Energy

Support for Materialization

MOEJ being ready to support the developlng
countries for the “leapfrog” development through
various support programs to create the low-
carbon society
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1) Standards and regulations
2) Experience and capability
are needed for introducing Large size WTE plant

- FY2012 | FY2013 | EY2014 | FY2015 | FY2016

Large Size
WTE Plant MOEJ FS MOEJ FS
(1st year) M@ (2" year)

Standards and

Regulation
Experience and LSWP
I capability I construction

2 Small Size
= \\TE plant MMM SSWP
& constructio operation

Important key to realize feasibility of PPP project
1) Reasonable tipping fee and power selling price
2) Garbage volume guarantee by public sector

Tipping Fee

SPC

Project Income

I

Operation &
Maintenance

<Recent case of WTE in Indonesia> 11DR=0.000083USD

Name of City JAKARTA BANDUNG

Project Amount 108 mil USD 58 mil USD
(1,300bil IDR) (700bil IDR)

Capacity 1,000t/d 700t/d

Power Generation 17MW SMW

Tipping Fee 33 USD/t 31 USD/t
(400,000 IDR/t) (375,000 IDR/1)

Selling power Equity Finance Grant

Project Scheme PPP (25 years) PPP (20 years) 4
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additional initial cost
low-carbon and cutting-edge

MOEJ’s New Support Program
Enabling “Leapfrog” Development
using JCM scheme

=
L

Developed Country Energy intensive style
: Development ™

E:-'ﬂﬂﬂlﬁﬁf \
B 7

)
-

GHG emissions per capita

!Developing Country| | eapfrog style : -
Development
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“Achieving “Leapfrog” development through creation of low
carbon society in Asia-Pacific.

Knowledge, Experience, Capacity Financial
Technology, Policy Building Support
(Participation of (Improvement of (Cooperation with
kvarious stakeholders) environmental low) JICA and ADB) D
—i
Developing countries

——

Subject Area ; Environmentally Sustainable Cities

Waste Water

Energy Saving and ;
Transportation Management Treatment

Renewable

JCM = Joint Credit Mechanism

Initiative by the
to offset its
targets

& O

A cooperation scheme addressing
through the dissemination of

advanced Low-Carbon Technologies and

Products to benefit the
of Developing Countries.
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= |Introduction of advanced = Successful offset of own

Japanese Low-Carbon emission reduction
technoloqgy. targets.
= Achievement of » Dissemination of
sustainable technology to achieve
development. low-carbon growth all
» Acquirement of around the world.

specialized know-how.

Environment

= Reduction in Greenhouse
Gas emissions.

» Tackling of climate
change issues.

Fund Supported by the MOE

ODA loan (MAX 70%b0
of total project cost)

ALLIANCE

(A'ﬂ

MOE

Promotion of the dissemination of
advanced low-carbon technologies
from Japan to reduce the CO2
emissions with fair price.

10
273




(EEHN8 NAREMI—VavTHEREN JFEE BiE]

Support through ADB Contribution

Carried out through the funding of Asia
Development Bank’s trust fund in
order to carry out a coordinated
financial support for the costing of
advanced low-carbon technologies
with additional introduction cost.

Emission
Reductions

Ordinary Project Cost Additional Cost™>

ADB Loan

___>

Trust Fund by
MOE

* Caused by the introduction of Advanced Technology from Japan 11

JEE

Enhancing the financial
viability of the low-
carbon emission
projects of Private
Sector in countries
where Japan has
established bilateral
agreements.

MAX 50%0 of total

A project cost

MOE

Private Sector

0
cc
90
30
25
£3
m
e

12
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JFE

Thank you!

13
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Yangon & Tokyo’s Program
Tokyo Workshop / Oct. 2013

aste water Treatment at FDdS

Yangon & Tokyo’s Program
Yangon Workshop / Nov. 2013

et P2 B
- # Htawe Chaung
_ FDS 3

School Program
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Thank you for inviting!

" ."*V;&..:" ' = --" :"é - ..
PCCD Office on Nov.25

Cooperation with residents in Tokyo
In the case of container and packaging

recycling law in Japan

Taka
,TOKYO Metropolitan Government

277




(EEH8 NAREYI I avTHREN RRABREANT SiF]

A Mechanism for gaining Cooperation
from Residents (Case Study)

1. The background of Container and Packaging

Recycling Law (CPRL) in Japan

Outline of CPRL

Consequences after the enactment

Amendment in 2006

Efforts taken by Tokyo

Current status in Tokyo

o U s Wi

1. The background of
Container and Packaging(C&P)
Recycling Law (CPRL) in Japan
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1-1. Extreme increase of waste generation

14:0?0(000 1997 Establishment 6,000,000
(population) 1999 Enactment (ton)

12,000,000 / 5,000,000

m= MSW volume

— Population

10,000,000 / 4,000,000
3,000,000

/’TEnd// wwil
/ / 2,000,000
| 1,000,000

8,000,000

6,000,000

4,000,000

2,000,000 W(/V

(Year) @

1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010

Ol-ﬁ
O'\Ch
—

1900
1905
1910
1915 =
1920 =
1925 —
1930 =
1935
1940
1945 |

1-2. Economic condition affects
recycling activities taken by local
governments

e Even if local governments collect recyclable items
(ex. glass bottle) in order to reduce landfill
volume, recyclers refused to buy them when the
trading prices in the market gets lower.

e Therefore, collection of recyclables ends in vain
and local governments have to landfill them.
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1-3. Necessity of new economical
incentive method

Existed national waste and recycling law were
not enough to reduce waste generation

Existing Law

Waste Disposal and Public Cleansing Law

Law for the Promotion of Effective
Utilization of Resources

f

“New Economical Incentive” was required.

1-4. Surrounding pressure

* CSR activity taken by private sector

e Similar measures taken by
Germany and France
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1-5. Consideration of economical
incentive methods

* Deposit system

e Charging system and so on.....

Reflecting characteristic of Japan,

1. Local governments collect C&P from household

2. Manufacturer and retailer are responsible for
recycling (EPR)

2. Outline of CPRL in Japan

i. Role sharing among resident, local government and
private company

ii. Subjected item are all kind of C&P (metal, aluminum,
glass, cardboard, paper, PET, plastic and others)

iiil. C&P users and producers are responsible for recycling
iv. Local government is encouraged to do
(this is not mandate)
i. 5-year moratorium on plastic C&P
ii. Toreview 10 years after

Hereinafter, refer a private company who sells their products with C&P, such as
Coca Cola, and who produces C&P as “C&P Company”
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2. C&P recycling flow

Steel & Aluminum cans,

cardboard are sold

Consumer . -
—|> Local government Recvcling facilit
(Domestic waste) & yciing y

|
|}
u -
. TRecycllng costs
Responsibility for
Waste C&P separate collection Japan Containers and
- PET bottles Packa.gm.g Recycling
Association <Designated
- Steel cans bodies >
- Aluminum cans
- Glass bottles
- Plastic containers and packaging, Recycling costs
etc.
Responsibility C&P company
for recycling

2. Japan Container and Packaging
Recycling Association (JCPRA)

e 36 industry groups jointly established

* Activities

i. To conduct recycling for C&P company

ii. To accept recyclables from local government
iii. To make a contract with recycler
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Activities of JCPRA

C&P company

» JCPRA collects recycle fee from C&P company
(Number of C&P companies:74,371)

ocal Governmen

JCPRA

» Registers the volume of collected C&P at each LG’s stockyard
(Number of LG: 1,541)

» Supervises proper pick-ups from LG by Recycler

» Collects recycling fee of small sized C&P company from LG

» Survey for quality of recyclables

(

N Recycler

» Screens & Registers recyclers (Number of recycler: 227)
» Calls for bids on each item’s recycling in each stockyard of LG

15

3. Consequences after the enactment

Recycle rate 9.8%(1998) = 20.4%(2011)

w3 w3 WE
195

15,000 17°
5
T {160 =
ﬁ 12000 1
2T
e 10204 i

8,400 9E02 9446
g oo goss e E
T o < g0 3068 39 o0 &
! e 291 - 2792 97W gD
e 6,401 2807 7
g3 %
é G000 | 5ion DA e - | w0 20 WE  gon gom am e |
= aEm 7 g 2P wn v : : ' :
2615 ]
2318 M40 0m
2000 | 160 140
4056 4154 44BE 45T 4620 4B0 4470 4547 4B0G
e 8% W o oge  dEm  dle B
0 0.0
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16
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3. Other disadvantages occurred

. Cost burden for collection

(public side)

Technical difficulty on plastic
recycling

Lost of PET bottles

4. Amendment in 2006

. Funding program for local

government was added

Heat recovery method for plastic
was allowed (only in case of
emergency)

Domestic recycling route became
principle
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5. Efforts taken by Tokyo before
enactment of CPRL

* Working force on the promotion of C&P
recycling was established

 “Tokyo Rule”

|.  To conduct once-a-week recyclable collection

Il. To require C&P company to take more roles
than law (Collection from resident)

lll. In order to prioritize a PET bottle collection,

TMG collect PET and require C&P company to
recycle

5. Rule Il & Il “Setback”

Tokyo tried to impose heavier duty to
C&P company.

However, C&P company did not agree.
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6. Current status in Tokyo

Each local government conducts the
recyclables collection within the
framework of la ;

L /™) From 2000, responsibility
of MSW in the central area
of Tokyo, was transferred
from Tokyo Metropolitan
Government to 23 cities.

i

21

Picture : Nerima City

Cooperation with residents for
success of the CPRL

* Source separation
— To set various category

— To be practiced perfectly by residents’ cooperation
and understanding

Photo : Toshima City 22
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Thank you!

Sule Pagoda & Kamakura
ki Pagoda
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Needs for Cooperatlve Engag-‘“ NV

Presented By
Dr Ahn@ M nt M*\%
Assistant Head epartment

PCCD, YCDC

)

PHILIFPINES

Participating Countries:
Cambodia, Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Thailand
and Vietnam
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ASEAN — German Technical Cooperation w
“Clean Air for Smaller Cities in the ASEAN Region* german gz

Objective
To equip participants with basic knowledge and information
on air quality management and technical knowledge on air
guality monitoring

ASEAN — German Technical Cooperation ng

CLEAN AIR FOR SMALLER CITIES
IN THE ASEAN REGION

- Local Solutions with Global Impact -

Yangon
Presentation to YCDC

20 February 2013

Roland Haas — GIZ

Principal Adivisor/Project Director
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ASEAN — German Technical Cooperation ng

Objective

Small and medium-sized cities are increasingly able to
develop and implement measures to improve the air
quality.

Indicators
» At least 10 cities (150,000 — 1.5 million inhabitants)
have a Clean Air Plan (CAP)
* At least 7 cities are implementing CAPs.

Project Period
January 2009 — December 2015

Clean Air
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Parking Solution need in Yango

4 E bl | 'M!I E A

.

N
%

Automobile Growth |

Sr Year
1 2008
2 2009
3 2010
4 2011
5 2012(June)
2013 -
6 November

291

n Yangon City

Number of Vehicles(Ygn.)
186,931
194,087
204,763
215,893

279,096

319,211
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Automobile import rate is more and more in Myanmar, mostly in Yangon

9

Main Air Pollutant Emissions From

Vehicles
* Diesel Engines

— Fine Particulate Matter (PM) — nearly all PM, .
— Oxides of Nitrogen (NOx)
e Four-Stroke Gasoline / LPG / Natural Gas Engines
— Carbon Monoxide (CO)
— Oxides of Nitrogen (NOx)
— Unburned Hydrocarbons (HC)
— Smoky vehicles emit PM, .
e Two-Stroke Gasoline / LPG / Natural Gas Engines
— Oil Particulate Matter (PM, c)
— Unburned Hydrocarbons (HC) — very high!
— Carbon Monoxide (CO)
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Main Air Pollutants

Power plants Household, trade,

Heating plants small business Industry and their
Emission Sources

(anthropogenic)

STATIONERY POLLUTION SOURCES

Further sources:
MOBILE POLLUTION SOURCES

MOBHJIHH HIBOPH 3ATABEBA

@S @O &S Qoo GO

- open burning

- sports activities

Gasoline Diesel

TRAFFIC
11

INn 2012

At 2012, ambient air quality was
measured at Nay Pyl Taw and
Yangon at our Occupational Health
Division from January to
December once a week.
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0 January | February | March April May June July August | September | October | November | December
=@=Yangon 76.58 73.66 68.12 48.17 60.46 31.21 18.98 45.92 56.82 39.86 65.84 48.85
=@=Nay Pyi Taw 22.7 72.31 110.64 82.38 67.03 51.2 57.9 30.7 17.65 22.61 44.58 73.4
13

e

——

PM,, (2012)

¥ \

. / \

. [N
o\
A NN A/
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N, \ /

pg/m3

R 4 -
10
0 January | February March April May June July August | September | October | November | December
=== angon 76.58 73.66 68.12 48.17 60.46 31.21 18.98 45.92 56.82 39.86 65.84 48.85
—&—Nay Pyi Taw 227 72.31 110.64 82.38 67.03 51.2 57.9 30.7 17.65 22.61 4458 734

14
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——

SO, (z012)

16

14

12

10

pg/m?

= = A* m = .
0 January | February March April May June July August | September | October | November | December

==Y angon 0.06 0.18 0.47 0.16 0.18 0.47 0.16 0.11 0.37 0.18 0.03 0.04

—@—Nay Pyi Taw 0.16 0.09 0.07 0.07 0.07 0.31 0.05 0.06 0.04 0.04 0.04 ._0.03
D

45
WHOQO 40
35
30 4
™ /
E
(@]
=
) / \ / \ /
15 /’/\\ / \ / Y
° V \____
> / /.\\.——I/.\./A\.
(o — p— - /
January | February March April May June July August | September | October | November | December
==0=="Yangon 5.27 15.54 18.16 7.49 24.09 7.62 6.84 8.03 17.68 24.4 13.23 30.93
—@—Nay Pyi Taw 0.61 0.64 0.64 0.4 3.08 6.23 12 1.45 5.21 1.05 6.35 1.98
16
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~ Northern part of Yangon

ﬁ_

120

100

m PMio

m SO2

m NO2(24hr)
®m NO2(1hr)

8o

60

40

20

HLAING THAR YAR(YANGON) 7

120
100
= PMio
3 m SO2
O —
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m NO2(1hr)
60 -
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40 -
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O

THI LA WAR(YANGON) 18

296




(B£E&H8 12ABREWMI—I avIEREH YCDC-GIZ]

140
120 -
100 -
m PMio
g m SO2
© m NO2(24hr)
®m NO2(1hr)
60 -
40 -
WHO
20 -
o -
THAR KAY TA(YANGON) 19

ASEAN — German Technical Cooperation
“Clean Air for Smaller Cities in the ASEAN Region*“

german f o s
cooperation gl y 4
DEUTSCHE ZUSAMMEN,

Fixed Possible AQM
monitoring sites.
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To research and develop on

E- Waste Management and
Information systems that can
accelerate the implementation

frame works of

ASEAN, ASEAN + 3, AWGESC,
UNFCCC and UNEP.

ASEAN — German Technical Cooperation g|Z

Cities, Environment and Transport
in the ASEAN Region
1. Clean Air for Smaller Cities in the ASEAN
Region — 7 (8) Countries - 2009 — 2015
2. Sustainable Port Development — 6
(7) Countries — 2009 — 2015

3. Energy Efficiency and Climate Change
Mitigation in the Transport Sector — 5 Countries
2012 - 2015
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Environmental Interactions

Earth’s Life-Support System Human Culture Sphere

: © 2002 Brooks/Cole - Thomson Learning : 2
3

- EE——

Environmentally-Sustainable Economic Development

Globalization: An Integrated World

& 2002 Brooks/Cole - Thomson Leaming

Social

i'—""{}”

Sustainable
Solutions

Traditional Decision Decision Making in a
Making Sustainable Society 24
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Key finding of Clean Air

 Weakness of Law, Rules and regulation

e Research and development in AQM

e Capability Building of AQM

« Advanced Technologies and Technology
transfer

e Data Inventory

e Lack of the AQM Devices

25

P e o
e
-

-
-

———F

To Sustain Our-Planet, Do (

ir.Best
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Joint Crediting Mechanism

and its opportunities for
Myanmar

20 December 2013
Kenta Usui
Climate and Energy Area, IGES

IGES

How JCM works

JCM Scheme Finance +
Technology

JCM

Project VAN CLULELS

Carbon credits

Benefits to Japan Benefits to Myanmar

- Contribution to - Advanced Japanese technology made
global GHG available at significantly lower cost
mitigation effort - Contributes to greener growth

- Market opportunities - Contributes to stabilise energy supply

for Japanese firms
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JCM has been signed with 9 countries, including
Bangladesh, Vietnam, Indonesia and Laos.

umgmuwnaumm mgd it QLMD
ummﬂvmuuﬂu T Wh@isouge

ei. " 'un\l"*‘:' ~ql Co- '-r<"__ ~ 0
i )f Ep e

JCM-funded projects

Mongolia
* Introduction of energy-efficient heat boilers

+Cambodia
» Small-scale biomass power generation
using sterling engine

Vietnam:
* High-efficiency heat pumps in seafood
processing

Bangladesh:
» Coal-free brick making

Indonesia

* Introduction of energy-efficient industrial
air conditioner

» Energy use improvement in retail shops

 High-efficiency freezers
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Possible JCM projects in Myanmar

Currently being
studied
e Waste-to-Energy power generation (JFE Engineering)
* Microscale hydropower generation (Seabell International)

* Geothermal power generation (Nippon Koei)

e Solar-diesel hybrid power generation system (Hitachi Zosen and
Mizuho Bank)

e Rural electrification using off-grid energy supply (IGES-TERI)

projects
e Landfill methane recovery
e Composting
* Wastewater treatment

* Transport
* Energy efficient buildings

303




(EE&H8 RAREYI—IavTHKRER ROMANO ]

International workshop on sustainable waste management in Yangon

ENVIRONMENTAL PROTECTION AND
SUSTAINABLE DEVELOPMENT:

BUILDING LOCAL CAPACITIES
ON SOLID WASTE MANAGEMENT
- IN MYANMAR

e

- i"'

Farners - In:oII;b;ra(ionwith Donors
L
\\ %\T -'A‘

amiat

uropea

ooboSioqiComngudeqest cqgpdoopbocon § Brodionndy:
08ogpd:Boe§gqaan: ea000p8:p:epdECond[ge:

R e, .
= =R - "‘ T —o

,74,;.5:‘: = _':::' =

s e iy

AP
T S =
TR A SRRRR AR

e R e
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Dry and wet solid waste are not separated
Missed opportunity to produce compost

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Recycling can be improved and become more profitable
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Appropriate technologies can strengthen the efficiency of SWM

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Increase the awareness of the citizens on best practices in SWM helps
SWM
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

- - PN\
= A Global
framework

......

Population
increase

Wealth increase

S A0 N o R E b 4
et ) T Need for N
Safay e increased capacity

1 St in SWM
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Project components

Strengthening institutional and .
technical capacities of PCCD on
\environment quality management

Developing an information system for N
SWM in Yangon

A

5

Increasing community awareness of
the value of SWM

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

RESULT 1 — Institutional
CENTRAL LEVEL

PRINCIPLES & BY LAWS

GUIDELINES FOR DS

YCDC — Mun. Turin
STRATEGIC PRIORITIES

a _INDUSTRIAL WASTE
PPP
ITHACA - PCCD EN ENTAL PCCD - CESVI
(/ SDI SYSTEM COMMUNITY
INVOLVEMENT
1 DATA
'\ MANAGEMENT UNIT 77 7 AWARENESS

' CAPACITY BP DIFFUSION &
. DEVELOPMENT REPLICATION
RESULT 2 - Technical RESULT 3 - Social

CENTRAL & TOWNSIP LEVEL TOWNSHIP LEVEL
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Participatory drafting of guidelines to detail existing long term
strategy and to improve existing Solid Waste management

Provision of equipment, training and technical assistance on data
collection, management (and digitalization), reporting and forecasting

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Awareness campaigns on protection of the environment and SWMM
best practices

Pilot working groups, set up of support system (training and start up
materials) for pilot project implementation on SWMM

'Training to the Industrial Zone Committees in ISWM practices
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

PRI
“hwad

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

OWNERSHIP
INVOLVING COMMUNITIES
MULTI-STAKEHOLDERS APPROACH

LEARNING BY DOING and TOT

INNOVATION

REPLICATION OPPORTUNITY
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Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Solid Waste

Management

Environmental protection and sustainable development:
building local capacities on solid waste management in Myanmar

Environment

Sanitation
and hygiene
I"\.H ‘//.
Livelihood | N _ Health
o, /_, : N N /_,-'
\«_,__‘___,r‘ \\___/
Active
citizenship
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Environmental protection and sustainable development:

building local capacities on solid waste management in Myanmar

,,,,,

e a
Partners In collaboration with Donors

“////Er)mr:w:rmznnnp Italiana (¥
N\

-— mmcilo Sviuppo  (#
\ Ministero Affar Esteri

amiat

This project is funded by the European Union

Presented by Gaetano ROMANO, Project Operational Coordinator, MA.Eng, Adv.St IWRM
myanmar.wash@cesvioverseas.org
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ociety

oIIectionr

Mr. Sho Okuno

Sanitation and Recycling
Business Department,

Nerima City Qs

Contents

1. Overview of Nerima City

2. Significance of Source

Separation and Intermediate
Treatment

3. Gaining the Cooperation
of Residents
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[

erima City

1. Overview of

N

LENANE

@ Population 709,262 people
As of January 1, 2013
(Foreign residents make up 12,740
of the total)

@ Number of households 344,228
As of January 1, 2013

@ Area 48.16 km?
@ Amount of waste 498 t/d

@ Features
® Located in the central area of
Tokyo but full of greenspace
® Residential area
¢ Population increasing slightly
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The view of Nerima City

2. Significance of Source
Separation and Intermediate
treatment
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2 Significance of Source Separation and Intermediate Treatment

EePalatioNIaNOISEParate

4

INNIOKYOF:

Whysare Sourca >

Collection practiced

Reducmg the

Lack of space for
final disposal sites
is serious problem

amount of final
disposal is the
biggest challenge

2 Significance of Source Separation and Intermediate Treatment

large furniture / @metal
electric devices 1%
incombustible(exc— 3% ™ |
ept metal)
3%
©@grass and tree
5%

Brubber / leather
1%

Dpapers

6% @plastics

10%
®other
incombustible

items(e.g. diaper) (7kitchen waste
12% 31%

Qglass bottle
3%

@fabrics
2%

®PET
2%

®aluminum can
1%
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Flow of Waste Treatment (Overview)

Heat utilization
(Power generation,

f-\ A~ -]

Intermediate Incineration ash

treatment facility
~ (Incineration

~facilities)

Treatment W
T T e

\A4

How to tackle the problem against
the lack of space for landfilling

¢ [tems unsuited
to incineration

e Large items
10
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Advantages of Source Separation, Separated

Collection and Intermediate treatment

(t/day)
600
500 -
400 -
300 -
200 - Amount of
recyclables
Amount of
o collected
waste
o Total t of
otal amount o _
waste per day Amount of landfill .

Source Separation of “RECYCLABLES”

(In the case of Nerima city)

Categories Recovery Amount of recyclables
- locations 2012

(m Newspapers 4273t
(2) Magazines waste collection 6,216 t
points (Approx.
3) Cardboard 30 thousand 6,152 t
(4) Cartons locations) 67t
(5) Plastic Packaging and Containers 5,275t
(6)  Bottles Collection points et
(Approx. 12
(7) Cans thousand 2,060 t
(8) PET bottles locations) 1,987 t
9) Used clothes/Old fabric 507 t
(10) Used edible oil Public facilities 19t
(11) Small household appliances 2t
Public facilities + 27t 12

(12) Used dry-cell batteries e
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Recycling Flow of “Recyclables”
(1)Waste Paper

Flow of Recycling

Collection and
transport

Newspapers Cardboard Cardboard (drink)
g 75'>r‘
1%t
o S
L\-&‘! ,

=

Put out leaflets together with
newspapers.

Put books, pamphlets, snack boxes, gift item boxes,
wrapping paper, etc. out with them too.

Recycling facilities

Screening/
Compression/
Packing

Sale

Recycling
contractors

Production

Recycled
product

13

Collection Points
(1)Waste Paper
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2 Significance of Source Separation and Intermediate Treatment

b

et

2 Significance of Source Separation and Intermediate Treatment
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Recycling Flow of “Recyclables”
(2)Plastic Packaging and Container

Flow of recycling Intermediate Recycling
T processing contractors
Waste et Screening/

collgction and Compression/ Production
NDOIN Packing

Recycling
Recycle

17

Collection Points
(2)Plastic Packaging and Container
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Collection and Transport
(2)Plastic Packaging and Container

Recycling
(2)Plastic Packaging and Container

Recycling

,,'_4‘,» o
; *' ki

W\

e Screening/ ’
" compression/packing | .
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Other Cases of Recyclable Recovery

| Bottles/cans/PET bottles Used clothes/old fabric

Bio Diesel Fuel
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Source Separation of “WASTE"”

(In the case of Nerima city)

Recyclables

Dupme
\
Those are collected as “waste” \ y /
A

Type-A) Incombustible waste
Items that cannot be input to incineration plants (1)

*Wrap in thick paper and label it "dangerous".

\;L; 5

.
Place in a bag separate from
other Incombustible waste

-~

[

24
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Type-A) Incombustible waste

Flow of Processing

. Incombustible waste . . .
Transfer station Final disposal sites

processing center

Collection/transport Transfer :
Landfill

Intermediate disposal
processing

(1) Crushing

(2) Filter iron/
aluminum

Metals

25

Type-B) Bulky waste (Large-sized waste)

Items that cannot be input to incineration plants (2)

Bedclothes

Chairs/sofas

Microwaves

Box-shaped Item of furniture (chest, etc.)
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Type-B) Bulky waste (Large-sized waste)

Flow of Process

Collection/

transport

Bulky waste
transfer station

Transfer or
Screening

Bulky waste crushing
process facilities

Crushing/
screening

Intermediate

Treatment Facility g

Repair and distribute reusable

furniture to residents

- ==y

Metals

Bedclothes

Incineration

Combustible
items

Incinerated

Final disposal sites

Landfill
disposal

Ash melting
facilities

Ash melt

Slag metal

Type-C) Combustible waste

Waste can be input to incineration plants

Food waste

*Dry well.

Tree granches/grass

*Please use tree branches that are 50 cm or
less, and with a thickness of 10 cm or less.
*Remove dirt from the grass.

Videotapes, CDs, DVDs, etc.

Plastic Goods

Food preservation containers, hangers, tooth
brushes, sponges, toys, etc.

Plastic packaging and
containers with stains that
cannot be removed by rinsing

Paper that cannot be put out
with used paper

paper laundry detergent boxes, etc.

Rubber products

WL e

Rubber gloves, rubber hoses, rain boots, balls,
etc.
*Cut hoses to a length of50cmor less.

Refrigerants
Desiccants

Leather gags, shoes, etc.

=

Plastic wrapped used in
homes, plastic bags

*For items purchased at stores, return to their
"plastic packaging and container recovery".

Disposable diapers/sanitary
products, etc.

e

*Put out away removing waste.

S

*Make sure to put out after applying water
overnight.

28
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Type-C) Combustible waste

Flow of Processing

Intermediate

treatment facility RIS e

Incineration

Final disposal sites

ash

Landfill

Transport disposal

Ash melting

facilities

Ash melt

Final Disposal Amount Reduction

introduced.

In order to make the reduction of final disposal amounts, recycling/intermediate processing is

The city has been changing the number of category of source separation every certain period by

reflecting the available capacity and technology of recycling and disposal, and social system and
regulations.

(t/day)

600
500
400
300
200
100

0

Amount of
I recyclables

m Amount of
collected waste

Total amount of waste
per day

oy

Amount of landfill 30
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Challenge of Nerima city today
_Totsl compositon of waste & recylabes |

@large @metals

ic devices

3%
incumbustible(
except metal)

3%

Otrees
5%

furniture/electr 1% ®
rubber/leather
1%
(Dpapars
26%
@plastics
10%

@kichen waste

othe.r 31% glass bottle ‘@
combustible
_ 3%
items(e.g.
diapen) S SreT : There is still more potential to
12% @fabrics q h li b
can 2% Y increase the recycling rate by the
1% further cooperation by resi
toward source separati

ey

31

3. Gaining the
Cooperation of Residents
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Source separation & Separate Collection

Cooperation of resident “ Source separation is the
is strongly required burden of residents

~N

-Designated collection points
*Twice a week
Combustible *Require to put it by 8am
*Require to use plastic bas or
container for discharging

J

~N

-Designated collection points
-Twice a month
Incombustible -Require to put it by 8am
*Require to use plastic bas or
container for discharging

/

33

(-There are 12 items.
-Designated collection
points
-Once a week ~ Recyclables
*There are different
instructions in each item

QOO.
/

*In front of house or specia
storage
-On-call Bulky waste
-Require to put it by 8am
*Require to pay fee

-

Waste flow and source separation

Incinerated ash

(Incine
~ facilitieS

Burnablélresidué

Crushing facili

Metals
Eecic!!né
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Gaining the Cooperation of Residents

¢ Transparency
¢ Disclosure of information

Building trust ¢ Passion
relationship e Continuous approach

Awareness-
raising
activities e Final disposal

e How to separate .
P amount reduction

and discharge Asking to - Sharing Resource saving
e Day of the week follow rule : - significance  ARYVVISSRNITITIN
e Location
Lo recyclables you

separated be used
for? 35

Nerima City's Dissemination and

Awareness-raising Activities

A) Distribution materials

B) DVDs

C) Environmental education
D) Outside assembly

E) Warning sticker

F) Improvement instructions of

waste collection points
G) Supporting the voluntary recycling activity

H) Instructions to companies

36
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A) Distribution Materials

(Distributed to All Households)
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B) Awareness DVDs
(For Residents, Staff Training)
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3 Gaining the Cooperation of Residents

— 2012 result —
Elementary schools 60 schools

Nursery schools, etc. 65 schools
Total 9,891 children

3 Gaining the Cooperation of Residents

f— 2012 result —

38 times in total 2,167 participants

[ Collection workers
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E) Warning Stickers

F) Improvement Instructions of
Waste Collection Points

After
instruction

Before
instruction
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3 Gaining the Cooperation of Residents

il o
ARERIBH aasw)
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EQ8 274k

BeLe Ll RS BN e
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e Supply of goods
e Supply of financial incentive
according to recovery amount

3 Gaining the Cooperation of Residents

On-site inspections of large-
scale commercial buildings

Training session for businesses
on proper waste management

" A
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3 Gaining the Cooperation of Residents
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3 Gaining the Cooperation of Residents

‘ ' Safety acvities

Staff recognition
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[Case Study]
Awareness-raising Activities

Incombustible First changes in
waste separation categories
in 30 years

combustible
waste
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Introducing process of the change

|. Start of pilot program in model areas
(From October 2007 to September 2008)
» Covered 12% of all City residents (92,208 people)
» Preliminarily 22 public meetings were held

II. Awareness-raising activities in preparation
for implementation in all area in Nerima (April 2008)
(1) Public Meetings
(2) PR events
(3) PR public newsletter and pamphlet
(4) Stickers on Collection Vehicles&Public Buses
(5) Cable Television Broadcast
(6) Staff Training

I11. Start in all of Nerima City (October 2008)
» Instruction/continuation of survey

49

|. Start of pilot program in model areas
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IlI. Awareness-raising activities in preparation
for implementation in all area in Nerima

(1) Public Meetings

Il. Awareness-raising activities in preparation
for implementation in all area in Nerima

(2) PR events
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3 Gaining the Cooperation of Residents

2
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» How to separate and discharge
Distributed to all households
(400,000 copies)

» Nerima City Newsletter
520,000 copies, 2 times in a year

3 Gaining the Cooperation of Residents

New separation category has just
been practiced!

» Attachment of decals put on sanitation vehicles
and public buses

New separation category has just
been practiced!
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IlI. Awareness-raising activities in preparation
for implementation in all area in Nerima

(5) Cable Television

W &= DRBIGE
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Il. Awareness-raising activities in preparation
for implementation in all area in Nerima

(6)Staff Training
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I11. Start in all of Nerima City

Survey and Awareness-raising Activities after Implementation
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Result of Plastic Packaging and Container

Recycling

Through the process of the change with various awareness-raising activity, the residents
got more aware of waste. As a result, not only increase of recycling rate but also reduction
of generation were achieved.

Amount of waste/recyclables per person per day

Reduction of

900 - generation
volume
800
Increase of
0 (160 —
yclables
600 oV .III 73 ] 73 collection
volume
(g/day) sq0
400 -
300 - 24
6 582 55] 546 Amount of
200 - recyclables
100 Amount of
collected waste
o .

008 2009 2010

Pilot period Implementation in all of Nerima 58
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Gaining the Cooperation of Residents

+ Asking public cooperation on source separation
continuously, carefully and patiently.

+ Not only the rules, but the “why significant” of
source separation must be disseminated to all
residents.

+ The imposition by government is not effective to
succeed. The opinions of residents must be listened
to carefully. Work together with residents.

+ Involve residents and get them excited.

The passions of staffs will
definitely make change!!

59
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Wrap-up for Japan Study Tour for
YCDC-PCCD Staff

28 February 2014

1. What was the most interesting part of today’s
visit?

2. What do you think you can learn from cities and
facilities in Tokyo and Kawasaki for Yangon?

3. Which part of your visit is NOT useful for
Yangon?

4. How was the logistical arrangements?

Any additional request for the study tour?

6. Any other comments?

o
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What was the most interesting part of
the tour?

e Cleaning program of Nerima city

— Waste collection system. Nerima city is clean
everywhere. Nerima’s staff were very active and
punctual in work.

— Staff are outstanding in their work. They are
knowledgeable about their work.

— Awareness-raising programe is very good (e.g. waste
separation system, waste collection system, school
awareness system and public awareness system, etc.)

— Incineration plant is very good because it reduces the
waste that goes to final disposal site and produces
electricity.

What do you think you can learn from
cities and facilities in Nerima and Kawasaki
for application in Yangon?

* Solid waste management system

* Private sector of solid waste management

e Waste —to-energy (e.g. many incineration plants)
* Recycle factories and export-quality products

* InJapan, a lot of recyclable materials. (e.g. plastics, construction waste, wood
furniture and sofa).

— InJapan, people mostly use ready-made food.

— In Yangon, most people do not eat ready-made food. So they do not get much recycling waste
and food waste smells bad.

— InYangon, recyclable waste in mostly plastics.

— InYangon, in summer, a lot of tree leaves and grass waste

— Cities of Japan do not have the illegal collecting points, but in Yangon, many illegal collection
points because of many streams pass through the townships where they cannot control their
place and this place has very narrow street, difficult for collecting waste.

— InYangon, beside the railways, a lot of illegal houses and illegal waste.

— InYangon, no more expense for budget of solid waste management, but in Japan, fully budget
for solid waste management because of Japan changed to many private waste management
companies.

— InYangon, one township has 9 vehicles, but this township have to use 30 vehicles, but they do
not buy the rest (21) vehicles because they cannot use full budget. In Japan, one township has
150 vehicles. So they can use 150 vehicles because of the expense from companies’ budget
and then the government is also supporting the companies.
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Which part of your visit is NOT useful
for Yangon?

e The number vehicles in Yangon and Nerima are very
different (9:150)

* Yangon cannot do the waste collection time because
Yangon collects waste everyday, all the time.

How was the logistical arrangements?

e Good (everything ok)
* No need for Myanmar-Japanese translator

— Listening English is ok, but need to speak slowly.

— Mr. Khin understood 50% of conversation (may
speak more with translator).

— Mr. Koko understood 90%.
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Any additional request for the study
tour?

 Would be good to have 10-days — 2 weeks.
— Monday-Friday for lecture,
— Weekends for sightseeing

e 5 people
— 1 Leader, 1 section head and three supervisors
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