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PREFACE

Global climate change is one of the most important issues facing the world today, that
has major effects on the world economy. One of the primary issues in the global climate
change is how to adapt to a variety of impacts from climate change that might occur.
The purpose of the Technology Needs Assessment (TNA) and Technology Action Plans (TAPs)
Mitigation Synthesis Report or just called TNA Mitigation Synthesis Report document is to
identify and analyse the needs of the prioritized technologies, which can form the basis for
a portfolio of environmentally sound technology (EST) projects and programs to facilitate the
transfer of, and access to, the ESTs and know-how into Indonesia.

Based on the writing sequence, the TNA mitigation synthesis report document is divided in
three sections. Section | outlines the synthesis report on TNA for Mitigation, Section Il gives
synthesis report on TAP for Mitigation, and Section Ill contains Cross-cutting Issues for the
National TNA and TAPs.

Section | of the TNA mitigation synthesis report consists of Executive Summary of TNA,
Introduction of TNA, Institutional Arrangement, Sector Prioritization, Technology Prioritization
of each Sector, and Conclusions. The introduction covers the objectives of TNA being
developed, the national circumstances, sustainable development strategies, national climate
change mitigation policies, and how TNA relevance to national development priorities. Sectors
prioritization consists of an overview of sectors, projected climate change and the GHG
emission status and trends of the different sectors, processes and criteria of prioritization,
inventory/ status of technologies in each selected sector. Technology prioritization for selected
sector contains an overview of possible mitigation technology options in that sector and their
mitigation benefits, criteria and processes of technology prioritization, as well as result of
technology prioritization.

Section Il of the TNA Mitigation Synthesis Report 2012 is started with Executive Summary and
followed by outlining Technology Action Plans (TAPs) for each sector starting with forestry,
energy and waste. This section covers preliminary targets for technology transfer and diffusion
based on Section |, barrier analysis (Economic, Regulatory, Institutional, Capacity, IPR and Social
and Cultural aspects), barrier identification and analysis for the transfer and diffusion of each
technology, and linkages of the barriers identified. Next is enabling framework for overcoming
barriers that consists of possible solutions to address the barriers for the transfer and diffusion
of each technology, and recommended solutions for each sector. Concrete Actions Plans and
Ideas are also outlined in this section. These include plans for domestic actions and measures,
project ideas for international support, and possible measures to address IPR barriers, if any.
Section Ill, Crosscutting Issues for the TNA Mitigation Synthesis Report consists of crosscutting
technologies for the TNAs in the three sectors and crosscutting issues for the TAPs in the three
sectors. Finally, the report is completed with the Annexes that consist of Technology Fact-
sheets, Market Maps for Technologies, Project Ideas, and List of Stakeholders involved in this
study.
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This TNA Mitigation Synthesis Report 2012 document would have been impossible to write
had it not been for the outstanding contributions of several stakeholders and resource persons
in the related sectors of forestry, energy and waste. Tribute need to be paid to the individuals
for their insight, influence, and perspective for which this study are based. Special thank you
is directed to UNEP-RIS@® who have supported and read carefully and given suggestions to
make this report become a better document. A high appreciation is given to resource persons
from the Ministries and other Institutions who have all contributed in the completion of
TNA Mitigation Synthesis Report. Special thank you to Deputy Chairman of BPPT on Natural
Resources Development and Director of Environmental Technology Center who have injected
the spirit to all of the team members in completing this report document. Finally, many
appreciations are dedicated to all members of the team who have worked very hard from
learning how to start the work to completing the report.
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FOREWORD FROM
CHAIRMAN OF DNPI

Indonesia is actively involved in world efforts to combat climate change, and Indonesia was the first
developing nation to commit to reduce its emissions by 26 percent voluntarily, or by 41 percent
with international assistance by 2020. Through the Presidential Decree No. 61/2011, Indonesia has
established the National Action Plan for Green House Gas Emissions Reduction (RAN-GRK), as the
guidance for all sectors. This action plan addresses sectoral issues in detailed plans with the best
available mitigation technologies.

The Indonesia Climate Change Council (DNPI) as the focal point of Indonesia in climate change
has been mandated by the Indonesian Government to prepare the Technology Needs Assessment
(TNA) and the Technology Action Plans (TAPs) on both mitigation and adaptation of climate change
specific to the context of Indonesia.

With the support of UNEP-RIS@ Centre, DNPI through the Working Group of Technology Transfer
has collaborated with the Agency for the Assessment and Application of Technology (BPPT) in the
completion of the Global TNA for Mitigation. This work involved all the cross-sectoral stakeholders
including the related Ministries, Governmental Institutions, and the related experts.

I thank the efforts of all parties involved in the development of this document, in particular to BPPT
and the Working Group of Technology Transfer DNPI, who have coordinated and arranged all the

activities. | would like also to extend appreciation and gratitude to the UNEP-RIS@ Center for their
technical support and the funding of this TNA.

Jakarta, February 2012

National Council for Climate Change

(TN

Prof.(Hon).Ir. Rachmat Witoelar

Executive Chairman
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FOREWORD FROM
CHAIRMAN OF BPPT

Since industrial revolution in Europe in the 18th Century, slowly but surely the concentration of
carbon dioxide (CO2) in the atmosphere has continued to increase. This has also been followed by
increasing atmospheric temperature resulting global warming, one cause of climate change. This
means that since humans used the technology for developing their economy, there has always
been a threat to the environment.

Given the technology becomes an ‘amplifier’ for environmental damage, to technology as well we
hope that it could be able to control and restrain the rate of environmental damage through the
application of environmentally sounds technologies (EST). As a country that has a high vulnerability
due to climate change, Indonesia needs to master and implement mitigation and adaptation
technologies in accordance with their conditions including the social and cultural aspects.

The Agency forthe Assessment and Application of Technology (BPPT) as the government agency that
is responsible for the assessment, acquisition and dissemination of technology has coordinated to
produce Technology Needs Assessment (TNA) document in the year 2009. This document contains
some prioritized mitigation technologies in the energy, industry, transportation, agriculture,
forestry, waste and marine sectors. During its progress, with the support of UNEP - RIS@ Centre,
it has now been compiled TNA Global which is actually an updated and completed previous TNA,
particularly for TNA Mitigation. On the new Global TNA, it focuses on the prioritization of mitigation
technologies for the forestry, energy and waste sector whereas for adaptation technologies it
focuses on the sector of food security, coastal vulnerability and water resources. Furthermore,
based on the selected technologies, their Technology Action Plans (TAPs) are developed.

For this opportunity, we would like to thank to the TNA executing team, DNPI, related ministries
and other institutions who work very hard to complete this study. Special thank is also given to
UNEP-RIS®@ Center along with the ranks of its advisors and reviewers for reviewing and guiding this
study from the beginning until the completion of this document.

Jakarta, February 2012

Agency for Assessment and Application of Technology (BPPT)

AU A

—

Dr. Marzan A. Iskandar
Chairman

Indonesia Technology Needs Assessment For Climate Change Mitigation 2012 \ Vi



Table of Content

SECTION |
SYNTHESIS REPORT ON TNA FOR MITIGATION ......uciiiiiinnnrereeeeeieseiiississsssssssnssssssssssssssssssssssssssssnssssssssssssssssssas 1
EXECULIVE SUMMAIY ...ceuiiiiiiieiiiiiieeneiesteennneeerennsssessernnssssssennsssssssennssssssesnsssssssensssssssssnssssssssnnsssssennsssssssnnnsssssnns 3
00 I 1 {4 o Yo [0l n o o AR OO O OO P PP P PP ROUPPPOPPPPRRRIOt 4
1.2. Institutional arrangement for the TNA and the stakeholders involvement............cccoccviiieiiieccciieeccee e, 8
1.2.1. TNA team, national project coordinator and consUtaNtS...........ccceeeeeiiiiiiiieee e e 8
1.2.2. Stakeholder engagement process followed in TNA .......ooooiiiiiiiiii e 9
S TY=Tor o] gl o Ta o] g n =) n [0 [N USROS 11
1.3.1. An Overview of sectors and their GHG emission profile and potential for GHG ...........ccccccuneee. 11
1.3.2.  Process and criteria of prioritization ..........coouiiieeiiii et e 13
1.3.3. Inventory/current status of technologies in the selected SECtOrs........c.cccvveeecvieecieeeirieeciee e 14
1.3. Technology prioritization fOr fOrestry SECLON .......iiiuiii et e e e aa e e 15
1.3.3. AN OVErVIEW fOr fOr@StIY SECTON ..ocuviii ittt et e et e e e aa e e e e bt e e e e eateareeeennneeas 15
1.3.4. Criteria and process of technology prioritization for forestry sector........cccccovvieeeeciiececiiiee e, 17
1.3.5. Results of technology prioritization for forestry SECtor .........coovuiieeiiiii e 20
1.4. Technology prioritization fOr ENEIZY SECLON........iii i ettt et e et e e e eta e e e sbe e e eeareeeeaneas 23
1.4.3. AN OVEIrVIEW fOr @NEIEY SECLON ..iiiuiiie e ciiiee ettt ettt e et e e e et e e e et a e e e eataae e sbbeeesatsareeeenneeas 23
1.4.4. Criteria and process of technology prioritization for energy sector ........cccceevvieeeeiiiececiiiee e, 24
1.4.5. Results of technology prioritization for @Nergy SECtOr.......cccuviiiiiieeeciiieccee e 27
1.5. Technology prioritization fOr Wast@ SECLON .......uiiiiiiie et ettt e e e e e eata e e e sab e e e eeaaeeeeaneas 28
1.5.3. AN OVEIVIEW fOIr WASTE SECLON ..viiiiiiiiieiiiie it ettt esite ettt siee st e e steeste e s sbeesabeesbeesabeesbeesabeesn snbeeenseesan 28
1.5.4. Criteria and process of technology prioritization for waste sector.........cccccveeecieeeeciie e, 28
1.5.5. Results of technology prioritization for waste SECLOr ........ccccueieeiiiieeciiee e 33
LT 0 Yo Tol (U1 o USROS PUPRR 33
SECTION 2
SYNTHESIS REPORT ON TAPS FOR MITIGATION ....cciciiiiiiinnnnnnneeeetieeiiissssssssssssssnsnnssssssssssssssssssssssssssnnssssssssasnes 35
EXECULIVE SUMMAIY ...ceuuiiiiiieiiiiiieeeciirieennneeereennsssessennsssssseennssssssenssssssssensssssssennssssssssnnssssssennsssssssnsssssssnnnssssnnen 37
2.1. TAPS fOr fOrestry and PEAT SECLON ....cciuiiiiiiiieeecieee ettt e e et e e ettt e e e s te e e e e tte e e etaeae e aeetbeeeeensaeeeanseeens 43
2.1.1. Preliminary targets for technology transfer and diffusion based on forestry and peat.................. 43
2.1.2. Barrier identification and @nalysis..........ccueeieiiiiiiiiii e e eaae e 47
2.1.3. Enabling framework for overcoming the Darriers........cccceeeooiiiieeiiee e e 59
2.1.4. Concrete actions Plans anNd idEAS .........ccuiiieiiiiiiiiiiiee ettt e et e e e e e e tr e e e eaae e e eearaeeens 69
2.0 S SUMIMIAIY e e e 75
2.2, TAPS fOr NEIEY SECLON . .uiiiiiiiiee ettt ettt e et e e e ete e e e ettt eeeetbeeeeeabaeeesabaeeeassbeeeeassaae e aesasseaeaasseeseanssaeeasseaann 77
2.2.1. Preliminary targets for technology transfer and diffusion for prioritized technologies
(oY Q=Y QYT = A Y =T o1 (o] SR SRR PSR U U UR SRR 77
B B T 14 g T=T o [0 b= 1 Y2 SO SR OSSR URTRU PP 81
2.2.3.  Enabling framework for overcoming the Darriers........ccceeeeciiiieeiiee e 86
2.2.4. Concrete actions Plans and idEas..........cccuiieieiiiiiiiiie et e e e et e e e sab e e e e aa e e e saraeaeas 92
2.2, S SUMIMIAIY i e 95
2.3, TAPS fOr WASEE SECTON 1.uuvieiiieiiieiiie sttt sttt st e st e st e st e s beesabeesabeesabeesabeesabeesabeeeas saaeenbseessseesseensseenseean 97
2.3.1. Preliminary targets for technology transfer and diffusion for prioritized technologies
FOr WASEE SECTON 1.vieiiieiiie ettt ettt e s bt e e be e e baeebeeesbaeebeeebeeenbe saeessbeesnseesane 97
T B T 1 g T=T o [ b= 1 12 O SRRSO SRRSO 98
2.3.3.  Enabling framework for overcoming the Darriers .........cccceeoiiiiciiee e 101
20 T S 3 (< Tole 1 o0 g 1=V g Vo (Yo IR Yo ] (¥ oY o PSSR UPPI 105
2.3.5. Concrete actions plans and idEAS .........cccueeieeiuiiiieiiie et et e e e e et e e e eara e e e eaneeas 105
2.3.6. Project ideas for international SUPPOIT ......ccccviiiiiiiie et 107
2.3.7.  SUMIMIAIY ittt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee trere e ans 108

Viiii | Indonesia Technology Needs Assessment For Climate Change Mitigation 2012



1] =L 00 10 111
CROSS-CUTTING ISSUES FOR THE NATIONAL TNA AND TAPS .....uuutiiiiiinneeiiissnnesssissssnsssssssssesssssssssesssssssnses 111
3.1. Cross-cutting technologies for the TNAs in the three SeCtors ......uvvveciiii e e 112
3.2. Cross-cutting issues for the TAPs in the three technologies prioritized..........ccccveeeeiiiiiicciee e 112
Y 43T G N 115
1.1. Technology factsheets forestry and Peat SECTON......uuiiiiciiie e e e e 115

Annex 1.1.1. Integrated forest-peat carbon measurement and monitoring technology.........cccccccevevnneenn. 115

Annex 1.1.2. Peat re-mapping tECANOIOZY ...ccccuviiiiiiiie et e e s e e e ree e e earee e s e e enaneas 120

Annex 1.1.3. Peat water management tChNOIOZY .....ooovuviieeiiiii e aeee e 127
1.2. Technology factShEEtS ENEIZY SECLON ...uiiiuiiiieiiiee ettt et e e et e e e st e e e s taeeeesteee eeesnsseeeenneens 135

ANNEX 1.2.1. SOIAI PV .ottt ettt et at e st e bt e s hb e e b e e s bt e e bt e e ss sabeesabeesabeesbeenaee 135

Annex 1.2.2. Regenerative burner combustion system (RBCS) ......cceecvuieiieeiieeiieeciee st eseeesve e 143
IO T 1= o T To] Lo =4V =Tt £ g =T a1 Y=Y o o S 147

Annex 1.3.1. Mechanical-biological treatment (MBT) .......ccccuieiieeiieereeeseeeseeesteeeetee et e saeeesteeesreeeeree e eaes 147

ANNex 1.3.2. 1IN VESSEl COMPOSTING ...vveieiiiiiiieiiiieeiiiee e eiee e erte e e sttt e e ettt e e essare e e snaeeessbeeeensseeeesnsneaeansseeeanes 153

Annex 1.3.3. Low solid anaerobic diZEStION .......cocuiiieiiiie it e e e e s e e saae e e e snaaeeenes 157
Annex 2: Market maps for teChNOIOZIEs........cccciiiiiiiiiiiimiiiiiiirrrrerreeeessssss s s s e sesssssssssssssssssssssssssns
2.1. Market maps for forestry and peat technologies..................

2.2. Market maps for ENergY .....ccccvveeviereeeiiieeseee e eeeree e

Annex 2.2.1. Market maps for PV....................

Annex 2.2.2. Market maps for RBCS
2.3. Market maps for Waste........cccceevvuveeeeiiiee e

Annex 2.3.1. Mechanical biological treatment (MBT)

Annex 2.3.2. In vessel composting ......cccccveeeevieeeenceee e,

Annex 2.3.3. Low solid anaerobic digestion (LSAD) .......ccceeecueriireeeireeeieeeieeeteeeaeeeteeereessreeesseeesraeennee e
ANNEX 3. ProJeCt id@as ....ccciiiiiiiiiiiiiiiiiiieiiiiiiiiiiitiiiteeeeesnssssssssssissssssssssnseeesssssssssssssssssssssssssssssssnssssssssssssssss 169
3.1. Project ideas for forestry and PEAt SECTON . ...uuiiiiiiiie et e e e ee e e e e e s eare e e e sraeeeens 169
I o [=Yor f o [T TR o T =T o T=T g -4 VYTt o | USRS 196

F N Y Yo 70t B oV =Yl o T To ] o =Y SRS 196

ANNEX 3.2.2. RBCS tECINOIOZY . vvii ettt e e e e s e e e et e e snaeeeesntaee e aeeenssaeeennneeas 202
3.3, Project ideas fOr WaSt@ SECION ....iiiiuiieeeiiie et cceee e stee et e e et e e e st e e e et e e s entaeeessteeeees sensseeeenssneesnnseeeanns 204
Annex 4: List of Stakeholders Involved and Their CONtacts ........cccccceviiiiiiiiiiiiinnnnenneniieeeeereeeeeen 207

Indonesia Technology Needs Assessment For Climate Change Mitigation 2012 \ )



List of Tahle

Table 1-1  Specific and GENEral CrITEIIA ... ..iii e ettt e e e et e e st e e e s taeeeesseeesnraee eeeans
Table 1-2  Re-identified technology for GHG mitigation of forestry and peat sector
Table 1-3  Mitigation technology for forestry and peat sector (pre-screened).......c..ceceevcveeeceeeireeeieesieeeieeenns
Table 1-4  Multi criteria analysis for mitigation of forsetry sector........c.cceecvvveenneen.
Table 1-5  Performance matrix of technology selection of forestry and peat sector
Table 1-6  Result of technology prioritization .........coceeiiiiiiei e
Table 1-7  Options of GHG mitigation technologies for energy SECtOr .........ccvveeeiieiiciee e

Table 1-8  Scoring of multi criteria analysis for mitigation of energy sector
Table 1-9  Summary of twelve prioritized GHG emission mitigation technologies for energy sector................ 27
Table 1-10 Weighting Criteria Of WaSte SECLON ...iiiiviiiiiiieeeeciee e eetee e et e e et e e et e e et e e e e nre e e snsaaeesasaeeeennenn
Table 1-11 Matrix of overall weighted score of technology option ........coooiiiiiiiiiii e
Table 1-12 Result of prioritized 13 GHG emission mitigation technologies for waste sector ..........ccccccveeveennne.
Table 2-1  The role of prioritized technologies in supporting key mitigation measures..........cccccceeeevveeevciveeens
Table 2-2  Identified barrier for mitigation options, their category and type of technology ..........ccceeeenneenn.
Table 2-3  Barrier identification, decomposition, and rank for prioritized technology CMM ...........ccccvveieennne.
Table 2-4  Barrier identification, decomposition, and rank for prioritized technology PRM ...........cccceeeviveenes
Table 2-5  Barrier identification, decomposition, and rank for prioritized technology PWM.........
Table 2-6  Policy measures and instruments for GHG mitigation of forestry and peat sectors*)

Table 2-7  Measures and incentives for overcoming barriers of TTD of prioritized technology CMM .............. 63
Table 2-8  Measures and incentives for overcoming barriers of TTD of prioritized technology PRM................ 64
Table 2-9  Measures and incentives for overcoming barriers of TTD of prioritized technology PWM .............. 65
Table 2-10 Additional logical framework assessment of measures and incentives and

recommended solution for technology CIMIM ..........coooiiiiiiiiee et e 66
Table 2-11 Additional logical framework assessment of measures and incentives and

recommended solution for techNOlOgY PRIM ..........oiiieiiii ettt s eaee e e e e 67
Table 2-12 Additional logical framework assessment of measures and incentives and

recommended solution for techNOIOgY PWM ........cooiiiiiiiiiiiiiiceieeee et 68
Table 2-13 Sub-National collaborative learning for forest-peat carbon measurement and monitoring............. 69
Table 2-14 Sub-National collaborative learning for unified peat re-mapping technology .......ccccccccevviveeinneenns 70
Table 2-15 Sub-National collaborative learning for peatland water management technology ..........cccceeeueenee. 71
Table 2-16 National capacity building on technology for forest-peat carbon measurement and monitoring.... 72
Table 2-17 National capacity building on technology for forest unified peat re-mapping technology............... 73
Table 2-18 National capacity building on technology for peatland water management technology ................. 74

Table 2-19 Barrier and enabling framework of national photovoltaic industry.........ccccceeevvvevineenn.

Table 2-20 Barrier and enabling framework regenerative burner combustion system
Table 2-21 Barriers analysis of application of MBT, in-vessel composting, low-solid anaerobic
o Tt uToT TR =Tl T g Y] [ = USSR

Table A-1  Assessment recommended the following solution for overcoming barriers

Table A2 Goal: To make data and information available for forest—peat carbon accounting..........c........... 118
Table A-3  Accompany technology cost estimates forest-peat carbon

measurement and Monitoring teChNOIOZY ........cooviiiiiiiiiccee e e 119
Table A-4  Peat mapping approach derived from LREP’s land resource mapping scheme .........ccccoeevvvevnnennn. 121

Table A-5 A different approach of deriving peat map of Sumatra Island from
RePPProT’s land system mMapping SCNEMIE ........ccoiiiiiieiiiec ettt et aaee s 122

X \ Indonesia Technology Needs Assessment For Climate Change Mitigation 2012



Table A-6
Table A-7

Table A-8

Table A-9

Table A-10
Table A-11
Table A-12
Table A-13
Table A-14
Table A-15
Table A-16
Table A-17
Table A-18
Table A-19
Table A-20

Table A-21

Table A-22
Table A-23
Table A-24
Table A-25
Table A-26

Table A-27

Table A-28
Table A-29
Table A-30
Table A-31
Table A-32

Table A-33

Table A-34
Table A-35
Table A-37
Table A-38
Table A-39
Table A-40
Table A-41
Table A-42
Table A-43
Table A-44

Recommend the following overcoming barrier solutions for peat re-mapping.......cccccceeeevvveennnen. 125
Goal: To make data and spatial information available

for “Low Carbon” peatland mManagemeENnt........cccuuiiiiieeiii e ettt e e e e beeere e sbeeebeeens 125
List of cost estimation of this t€ChNOIOZY.........eeviiviiiiee e 126
Recommend overcoming barrier SOIUTIONS ........coocuiiiiiiiiic et e 131
Goal: to achieve zero risk of peatland degradation, peatland fire, and peat forest fire.................. 132
Estimation of other costs peat water management technology ......ccccccveveveciieivciie e 134
Waste preparation TECHNIGUES .......coocuiii et et e e e et e e e et e e e e ar e e e e e nsaeeeeaneeas 148
Waste seParation tECHNIGUES........cii it e et e e e e e et r e e e e e e eeanrbeeeeeeeeennnnes 149
[23T] foY=qTor | g Y- {3 =Y a1 e} o] u o SRR 150
Typical MBT cost using anaerobic and aerobiC ProCeSSES ........cccvuveeeiiieeeeiiee et 152
Advantages and disadvantages of in-vessel COMPOSEING.......coiciieiriiiiiiiiiiie e 155
Typical capital, O&M costs for in-vessel composting facilities .......cccceveeeveceee e 157
Important technical requirement for low solid anaerobic digestion process .........ccccccveeeeevveeennnen. 158
Companies supplying AD plants With CAPaCity......cccvviiiiiiiiiieei e e 168
Recommended solution based on logical framework analysis for overcoming barriers of

technology transfer and diffusion (TTD) of carbon measurement and monitoring technology...... 169
Key mitigation measures as prioritized SFM (Sustainable Forest Management) and expected
support from carbon measurement and monitoring (CMM) technology. ........ccccceevveerieeeiieenneens 172
Timeline and geographical EXTENT ........cuiii i e e e e e e e e e e tr e e e e aaeeas 174
RESOUICES aNd DUAGET......eiiiiiiiie et ettt e e et e e s satae e e sas saabeeesssbeeesanneeas 175
Scheme of fiNal Program FEVIEW ......cccuiii it e e e st e e eaae e e sere e e e nneaeeennnees 176
Responsibility and Coordination..........cocciii i e eaaea s 178
Recommended solution based on logical framework analysis for overcoming barriers

of technology transfer and diffusion (TTD) of unified peat re-mapping technology..........cccccu...... 179
Key Mitigation Measures as prioritized SFM (Sustainable Forest Management) and Expected
support from Peat Re-Mapping (PRM) TEChNOIOZY. ....cveevvieiiieciie ettt 181
Timeline and Geographical EXTENT ....ccccuviie it ee e e e e e et e e e s s ennre e e enneeas 183
RESOUICES aNd DUAEET.......eiiiiiiieeeee et et e e e e st e e e ate e e e eaaaee e st seabeeeeensreeesnsaens 184
Scheme of fiNal Program MEBVIEW .......cccuiieciiiiiiieciie ettt ettt et e e e st e e b e sbaeebeesbeeenseeens 185
Responsibility and CoOrdinatioNn.........ccecciir i e et e e e saaee s 187
Recommended solution based on logical framework analysis for overcoming barriers of

technology transfer and diffusion (TTD) of peatland water management technology................... 188
Key Mitigation Measures as prioritized SFM (Sustainable Forest Management) and Expected
support from Peatland Water Management (PRM) Technology. .........cccceeeeeiiieeiiieeeciiee e 190
Timeline and geographical EXTENT .....ccouiiii i e s e e e s aaeeas 192
[T oYU ol Ta o I o8 o Fd Y SR 193
Responsibility and CoOrdiNation..........cocuiii i et e e e saaea s 195
Types of equipment and parameters measured at B2TE-BPPT........ccooeviiiiiiieeeieeicereeee e, 198
PV test laboratory supplies equipment and power electronics .......cccocveveeecieeerciiee e e 199
List of equipment preparation cell (crystalline) in the laboratory of PPET-LIPI..........ccceeevvvveenneen. 200
Machines for iNdUustrial SOIAr CEIIS.....uii it e e s 201
List of stakeholders involved and their contacts for forestry .......cccocveeeevciecccee e, 207
List of stakeholders involved and their contacts for energy Sector........ccccvveviiieeeiiieeccciee e, 208
List of Stakeholders Involved and Their Contacts for Waste Sector .......cceecvveiviieeeniieeeeriiee e, 210

Indonesia Technology Needs Assessment For Climate Change Mitigation 2012 \ Xi



List of Figure

Figure 1-1 Indonesia National TNA Organization ........ccocueiiiuieriieeiiiieeiee ettt sttt ettt sae e s saeeenee s 9
Figure 1-2  Process of TAPS €StabliShmeNt .........coouiiiiiiiiiiiie e e 14
Figure 1-3  Hierarchical structure of technology selection criteria of forestry sector...........coeceevieiniiiniienieens 18
Figure 1-4  Structure and criteria used for prioritizing mitigation technologies in energy sector.........c.c.ccec.c.... 25
Figure 1-5 Structure and criteria used for prioritizing mitigation technologies ..........cccceiiiiiiiiiiineiiieceeee 30
Figure 2-1 A Conceptual framework for identification and analysis of barriers.........cccccvvieiiiiiiienieiniecees 38
Figure 2-2  Conceptual framework of barrier identification and analysis of forestry sector..........ccceceevieeeneens 48
Figure 2-3  S-Curved of TTD process of “innovation system” under KPH-HTI-SFM scenario..........cccccuveeercvveeenns 49
Figure 2-4  Problem tree of prioritized technology CIMIM .......cccuiiiiiiiiiiiiieiiie e 54
Figure 2-5 Problem tree of prioritized technology PRIM .......cooiiiiiiiiiiiieieee e 56
Figure 2-6  Problem tree of prioritized technology PWIM .......cccuiiiiiiiiiiiiieiieee et 58
Figure 2-7 The framework of Indonesia national innovation system ............cccceeciiiiiiiiiiniiiicceee 62
Figure 2-9 Objective tree of prioritized technNology CMM......cccuuiiiiiiiiiiieieiee e e 62
Figure 2-10 Objective tree of prioritized techNOlOgY PRM .......cocuiiiiiiiiiiiiiiiiiiieete et 63
Figure 2-11 Objective tree of prioritized technology PWIM .....cccuuiiiiiiiiiiiiiieiieee e 64
Figure 2-12 Realization and projection of PV teChNOIOGI€S......cccuiiiiiiiiiiiiierieeeeeeee e e 79
Figure 2-13 Causal relation of PV te€ChNOIOZY .....cooiiiiiiiiiiieieee e s 83
Figure 2-14 Causal relation of RBCS t€ChNOIOZY ......eiiiiiiiiiiiiiecieeeeeee e st 85
Figure 2-15 Translated problem to solution of PV teChNOIOZY ........ccceovuiiiiiiiiiiiiiieiieeeeeeee e 87
Figure 2-16 Translated problem to solution of RBCS teChNOIOGY .......covuviiiiiiiiiiiiiiieieee e 88
Figure 2-17 Causal relation and possible problem solving in the implementing selected technologies............ 103
Figure A-1 Disagreements are demonstrated in the following peat maps of Riau area.......ccccceeveervvvinienneenn 123

Figure A-2 Water management technology: comb structures applied to HTI drainage channel

at Kampar Peninsula, Riau (left) and Tabat (right) applied to agriculture land rehabilitation

in central Kalimantan (Hooijer at al, 2007) ....ccuiecieeciieiie ettt svee et e sbe e sreesveeenns 128
Figure A-3  Spatial configuration of water management structures over a peat domes area.........ccecveevveenneen. 128
Figure A-4 Worldwide average solar irradiation (KWh/m2 per day).......c.cceeuerererenenieinieeeie e 138

Figure A-5 Solar PV: Existing world capacity 1995 to 2009 (left) and top six countries by cumulative
capacity 2009 (right) (REN21, 2010) c..eeeiuieeieeiieeeteecteeeteesteesaeesreessaeesseeessseesaseessseesssaessseessseseess 140

Figure A-6  Current performance and price of different PV module technologies in 2008 (source: IEA, 2010) 142

Figure A-7 Regenerative burner combustion system (Nippon Steel, 2006).........ccereeruierirniirnienienienieeee e 144
Figure A-8 Regenerative combustion system (Niga T, 2005).......cccerriirierieriieieeieeie e sieesiee e eeesee e seeeseeenee 144
Figure A-9 Trend of world steel production (Nippon Steel Engineering, 2006).........ccccecveurrienieneeneeseeseenees 145
Figure A-10 An illustration of the potential mechanical biological treatment options (DEFRA, 2007).............. 148

Xii \ Indonesia Technology Needs Assessment For Climate Change Mitigation 2012



Figure A-11

Figure A-12
Figure A-13
Figure A-14
Figure A-15
Figure A-16
Figure A-17
Figure A-18
Figure A-19
Figure A-20

Figure A-21
Figure A-22

Figure A-23
Figure A-24

Figure A-25

In-Vessel Composting units: (a) unmixed verticalplug flow reactor, (b) unmixed

horizontal plug flow reactor, (c) mixed (dynamic) vertical reactor, (d) mixed (dynamic)

horizontal reactor (Source: Tchobanoglous et al, 1993).........cccviiiiieiiieiee e e 155
Flow diagram for low solid anaerobic digestion process (Source: Tchobanoglous et al, 1993) ...... 158
Capital cost curves for EUropean MSW diEStEIS.......uiivuuiieirieeeeeiieeeeteeeerteeeeeere e e saeeeeeseree e eeeennes 161
Operating cost curves for European MSW digesters (Source: Mark, 2008) .........cccccevveevreeeireeeineenns 161
Y Y S A 4 g =T o o Tl 2 AR 163
MaArket Map fOr RBCS.......uuiieiiiieeciiete et ee sttt e ettt e et e e e st e e s saeaesase e e e staeesansaeeesns santeeeannsseeesnnnens 164
Process diagram of a mechanical biological treatment facility .........ccceeeviiiiieccie e 164
Estimated percentage of MBT Systems USErS iN EUIOPE.....ccccuvereiiurieeeriieeeereeesrreeeesereeesnseeeeennneeas 166
Logical framework and SCOPE Of PrOJECE ...uiieuiiiiiciiie et e e e nneeas 173
Scope of project and the objective tree: shall be related and perfectly matched with

the sub-national collaborative |€arning ProjeCt .......ccviiiciiee e 174
Logical framework and SCOPE Of PrOJECL. ..uuviiruiiieeiiieecteee ettt e e ree e e ere e e saae e e e e snraeeeennes 182
Scope of project and the objective tree: shall be related and perfectly matched with

the sub-national collaborative |€arning ProjeCt .......ccuviiiiiee e 183
Logical framework and SCOPE Of PrOJECL. ..uuuiiiiiiieeiieeeiie ettt e rree e e ere e s aae e e e e snrreeeennes 191
Scope of project and the objective tree: shall be related and perfectly matched with the
sub-national collaborative 1€arning ProjECt ........uueiiiee e 192

PV cells is to support industrial development of the national PV Cell ........ccccoeeeiereviieeeecieeee, 201

Indonesia Technology Needs Assessment For Climate Change Mitigation 2012 \ Xiii



List of Abbreviation

APBN State Budget
APBD Local Budget
AIT Asian Institute of Technology
BAPPENAS National Development Planning: Indonesia
BPPT Badan Pengkajian dan Penerapan Teknologi
Agency for the Assessment and Application of Technology
BSN National Standardization Body
BAU Business As Usual
CAFTA China ASEAN Free Trade Agreement
CIFOR Centre for International Forest Research
CER Certified Emission Reduction
CCS Carbon Capture Storage
CDM Clean Development Mechanism
CMM Carbon Measurement and Monitoring
CRC Cold Rolled Coil
DNPI Dewan Nasional Perubahan Iklim
National Council on Climate Change of Indonesia
EPR Extended Producer Responsibility
ESC Environmentally Sound Technology
FGD Focus Group Discussions
FNC First National Communication
GEF Global Environmental Facilities
GHG Green House Gases
HTI Industrial Forest Plantation
HPH Forest Concessions
HRC Hot Rolled Coil
HTR Small-Scale Forest Plantation
ICCSR Indonesia Climate Change Sectoral Roadmap
ICCTF Indonesia Climate Change Trust Fund
IESR Institute for Essential Services Reform
INSWA Indonesia Solid Waste Association
IPB Bogor Institute of Agriculture
IPCC Intergovernmental Panel on Climate Change
IPR Intellectual Property Right
ITS Intelligent Transport System
ITF Intermediate Treatment Facilities
IVT In-Vessel Composting
IWF Indonesia Waste Forum
kgC/t Kilogram per Ton
KWh Kilowatt Hour
KNI-WEC Indonesia National Committee — World Energy Council
KPH Forest Management Units
LIPI Indonesian Institute of Sciences
LFG Landfill Gas
LEI Eco-Labelling Institute
LSAD Low Solid Anaerobic Digestion
LULUCF Land Use and Land Use Change and Forestry
LREP Land Resources Evaluation and Planning Project
MACC Marginal Abatement Cost Curve

Xiv \ Indonesia Technology Needs Assessment For Climate Change Mitigation 2012



MCA
MBT
MoA
MoE
MEMR
Mol
MoF
MoF
MoT
MSW
MRT
MRV
NEDO
NAMAS
NGO
ODA
PLN
PLTS
PLTD
PP
PPET
PRM
PPTKE
PV
PWM
R&D
RAN
RAD-GHG
RBCS
RDF
RIL
RPJPM
ROI
SAR
SC
SNC
SNI
SFM
SWDS
SHS
SRI
TAP
TC
TEWS
TNA
TPA
TPS
T
TTD
UNDP
UNEP
UNFCCC

Multi Criteria Analysis

Mechanical Biological Treatment

Ministry of Agriculture

Ministry of Environment

Ministry of Energy and Mineral Resources
Ministry of Industry

Ministry of Finance

Ministry of Forestry

Ministry of Transportation

Municipal Solid Waste

Mass Rapid Transit

Measured, Reported, and Verified
Industrial Technology Development Organization
National Appropriate Mitigation Actions
Non Governmental Organization

Official Development Assistance
Perusahaan Listrik Negara (State-Owned Electricity Company)
Solar Electric Generation System

Diesel Generator

Government Regulation

Electronics and Telecommunications Research Centre
Peat Re-mapping

Technology Centre for Energy Conversion and Conservation
Photovoltaic

Peat Water Management

Research and Development

National Action Plan

Regional Action Plan for Reducing Emissions
Regenerative Burner Combustion System
Refuse Derived Fuel

Reduced lllegal Lodging

National Long-Term Development Plan
Return of Investment

Synthetic Aperture Radar

Steering Committee

Second National Communication
Indonesian National Standard

Sustainable Forest Management

Solid Waste Disposal Sites
Solar Home System

Soil Research Institute

Technology Action Plans

Technical Committee

Tsunami Early Warning System

Technology Need Assessment

Final Disposal Facilities

Intermediate Treatment Facilities

Transfer of Technology

Technology Transfer and Diffusion

United Nations Development Programme
United Nations Environment Programme
United Nation Framework Convention on Climate Change

Indonesia Technology Needs Assessment For Climate Change Mitigation 2012 \ XV






SECTION |

SYNTHESIS REPORT ON TNA
FOR MITIGATION






Executive Summary

This report updates the Indonesia’s previous Technology Needs Assessment Report 2009
submitted to UNFCCC in 2010, which entitled “Indonesia’s Technology Needs Assessments for
Climate Change Mitigation”. It also summarizes and updates the dynamic national views to
deal with latest issues on transfer of technology.

The government of Indonesia has endorsed a voluntary action to reduce the country’s GHG
emissions as high as 26 % by 2020, based on the business as usual (BAU) emission level. It
indicates that Indonesia wishes to be a part of the solutions to the global climate change. Based
on that target Indonesia through National Council on Climate Change of Indonesia (DNPI) is
preparing the updating TNA on mitigation and preparing TNAs on adaptation of climate change
and supported by UNEP- RIS@.

Based on the results of the first meeting with UNEP- RIS@ and TNA’s stakeholders from related
Ministries, Non-Ministerial Government Institutions, Non-Governmental Organizations (NGOs)
and Private Companies conducted on 24 March 2010, it was concluded that this Global TNA
covers 3 (three) sectors for TNA on mitigation. Those three sectors of TNA on mitigation of
climate change are forestry (including peat), energy and waste. Determining three sectors of
TNA on mitigation of climate change is based on the fact that those sectors are the first three
biggest contributors to GHGs emissions in the country (about 87 per cent of CO2e).

Criteria used in prioritizing the mitigation technologies are grouped into costs and benefits.
The technologies of each sector were basically inventoried from published national documents
prepared by several related ministries and institutions of Indonesia as well as inputs from the
stakeholders meetings. Those published national documents are Indonesia TNA for Climate
Change Mitigation (Government of Indonesia, 2009), Second National Communication (KLH,
2009), Indonesia Climate Change Sectoral Road Map (BAPPENAS, 2009), and others. If the
number of proposed technologies from each sector is found to be greater than 10 technologies,
they are first pre-screened based on their opportunities of being implemented and their
possibilities of being measured, reported, and verified (MRV). Then, Multi Criteria Analysis
(MCA) methodology is applied to prioritize those technologies. The best 3 (three) prioritized
technologies of each sector are finally chosen.

Those selected prioritized groups of technologies of each sector will be then determined for
their types of technologies. This work must first be done to have the barriers for the purpose of
the technology transfer analysed. Thus, barriers relating to regulatory, financial, institutional,
capacity building, IPR, and social cultural aspects in the mitigation could then be carried out.

For forestry sector, there were 13 technologies identified by stakeholders but after intensive
discussion being made there were 12 technologies concluded. Stakeholders agreed to merge
the “growth and yield modelling technology” into “sequestration measurement and monitoring
technology”. These 12 technologies of the forestry sector were left with no pre-screening.
By employing MCA, those technologies of forestry sector were then prioritized. After scoring
being concluded, the stakeholders also decided that the “sequestration measurement and
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monitoring technology” (the first highest score) was combined with the “measurement and
monitoring for reducing emission technology” (the second highest score) to become the
“measurement and monitoring of carbon sequestration and emission technology”. “Peat re-
mapping”and“water management” then follows it.

For the energy sector, the stakeholders meeting did pre-screening 79 technologies to become
12 technologies. Of these 12 technologies, the three prioritized technologies were initially
found. Those are photovoltaic, efficient electric motor and mass rapid transit (MRT). Of three
prioritized technologies, the photovoltaic technology has the highest scores. It is chosen among
six prioritized technologies of energy supply: PV, wind power, advanced coal power plant,
geothermal power plant, biomass power plant, and nuclear power plant technologies. It is
then followed by the efficient electric motor and mass rapid transport (MRT) technology from
the energy of industry and transportation sub-sector; respectively. During its development
however, an efficient electric motor technology did not get an approval from the Ministry of
Industry as a Coordinating Institution because it is still in a free market. Developing domestic
industry of electric motor will not compete with imported products. To that end, this technology
was replaced with cogeneration. It is precisely called as a “regenerative burner combustion
system (RBCS)” technology. In addition, the MRT was omitted from this TNA study due to the
difficulty in choosing the specific technology being transferred and a responsible institution.
After intensive discussions with the related stakeholders and Technical Committee as well as
Steering Committee Meetings following these technological decisions, those changes were
finally agreed.

Technology prioritization for waste sector focuses on municipal solid waste (MSW) treatment.
The stakeholders meeting did pre-screening 15 technologies to become 13 technologies. Of
these 13 technologies, the three prioritized technologies were found. The highest rank is
mechanical-biological treatment followed by in-vessel composting technology and low-solid
anaerobic digestion.

For decision-making processes, there were two levels: the first level was technically decided by
the Technical Committee (echelon 2 members) and the second level is politically approved by
the National Steering Committee (echelon 1 members). The high level consideration done by
the National Steering Committee includes potential barriers of technical, economic, political
and policy aspects.

1.1 Introduction

United Nations Environment Programme (UNEP) is carrying out a new cycle of the Technology
Needs Assessments (TNAs) with the aim of improving the TNA conducted by several states by
identifying the more focus technology needs. With TNA, participating countries are expected
to develop Technology Action Plans (TAPs). In the TAPs, the prioritization of technology is
conducted to facilitate the technology transfer. TAPs contain the necessary practical measures
to reduce and eliminate barriers to policy, funding, technology and other necessary measures
in mitigation. Referring to the Strategic Program on Technology Transfer that was designed to
support 35 to 45 countries to carry out improved Technology Needs Assessments within the
framework of the UNFCCC, Indonesia has participated in the first round with the period from
March 2010 —July 2011.
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The purpose of the TNA project is to assist participants from developing countries to identify and
analyse priority technology needs, which can form the basis for a portfolio of environmentally
sound technology (EST) projects and programs to facilitate the transfer of, and access to, the
ESTs and expertise in the implementation of Article 4.5 of the UNFCCC. Hence TNAs are central
to the work of Parties to the Convention on technology transfer and present an opportunity
to track an evolving need for new equipment, techniques, practical knowledge and skills,
which are necessary to mitigate GHG emissions and/or reduce the vulnerability of sectors and
livelihoods to the adverse impacts of climate change. It also includes identifying barriers to the
acquisition, deployment, and diffusion of prioritized technologies, and developing enabling
frameworks to overcome the barriers and facilitate the transfer of technologies, leading to
development of “Technology Action Plans (TAPs)”

To be a part of the solution to global climate change, the Government of Indonesia has endorsed
a voluntary action to reduce the country’s GHG emission by 26%, within ten years starting
from 2010 using national budget and increase to 41% with additional support of foreign aid,
benchmarked to the emission level from a business as usual (BAU). This government policy
was announced by the President of the Republic of Indonesia himself on the G-20 meeting
in Pittsburgh, USA, in September 2009. The top three sectors that contribute to the country’s
emissions are from forestry, waste and the energy sectors.

The Government of Indonesia has contributed significant efforts to realizing the solution to
the global climate change. On February 5, 2007, the Indonesian Government issued a Law
No. 17 of 2007 on National Long-Term Development Plan (RPJPN) Year 2005-2025. As stated
in the RPJPN 2005-2025, the sustainability of the development will face challenges due to
climate change. To anticipate these challenges it sets several goals concerning adaptation and
mitigation of climate change to be achieved in the next 20 years, which will give comprehensive
targets for all related sectors. The goals are as follows:

® Advancedresearch ontheimpactof climate change and the mapping of local vulnerabilities
will be carried out to strengthen the information system for the adaptation to climate
change in 2015.

® Inventory of CO2 emissions is refined and the target of the emission reduction will be
adjusted to that in 2015.

® As the institutional capacity of national ministries and agencies to anticipate climate
change impacts will be strengthened in year 2015, the climate-proof policy-making
process and regulation will be achieved in 2020.

® The emission of GHG will decrease by 26% from the projected “BAU” emission in 2020.

® National development goals will be optimized with the influence of adaptation actions in
2025.

® Alternative sources for energy use will be significantly increased, while the use of non-
renewable energy sources will be proportionately reduced.

® The risks from climate change impacts on all sectors of development will be considerably
reduced in year 2030, through public awareness, strengthened capacity, improved
knowledge management, and the application of adaptive technologies.

® All sectors that contribute to GHG emissions will operate using low-carbon development
concept.
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Some national documents related to climate change have been prepared by Indonesia. Some of
those are the First National Communication under the United Nations Framework Convention
on Climate Change (2000), Identification of Less Greenhouse Gases Emissions Technologies
in Indonesia (2001), National Action Plan on Climate Change 2007 (RAN-PI, 2007), National
Development Planning: Indonesia Responses to Climate Change (2007 revised in 2008), Second
National Communication under UNFCCC (2008), and Indonesia’s GHG Abatement Cost Curve
(2010).

Indonesia presented the First National Communication (FNC) to the UNFCCC in 1999. One of
the most important sections was the first National Greenhouse Gases Emissions Inventory
for the year 1990 and the results of the first studies on the country’s vulnerability to climate
change.

As technology plays a very crucial role on the effort of tackling the adverse effects of the
climate change issues, Indonesia launched Identification of Less Greenhouse Gases Emissions
Technologies in Indonesia, in 2001. The document carried out by the State Ministry of
Environment, comprises of several important sectors in the economy related to the climate
change, and may be cited as the first Indonesia TNA.

Mitigation and adaptation efforts to climate change cannot only be done by one sector alone.
It would require a national plan with contributions from many related sectors. For this reason
in 2007, the National Action Plan in the face of Climate Change (RAN-PI) was published. This is
a first national document that contains a variety of mitigation and adaptation plans involving
many stakeholders. In 2008, a year after publication of the RAN-PI, the Government of Indonesia
(GOI) released the Second National Communication (SNC) as the renewal of the First National
Communication (FNC). The SNC presents the National Greenhouse Gases Emissions Inventory
for the years 2000 to 2005. The communication was supported by the Global Environmental
Facilities (GEF) through UNDP along with further funding from the GOI.

One of the important and useful documents for the preparation of this TNA is Indonesia's
GHG Abatement Cost Curve (2010) published by DNPI. This study evaluates the potential
for emissions reductions come from a variety of initiatives, including the estimated costs
associated with the reduction initiatives.

To further elaborate the documents mentioned above and to speed up the implementation
by various relevant sectors, a roadmap of mainstreaming climate change issues into national
development planning called “Indonesia Climate Change Sectoral Roadmap” (ICCSR) has
been set up in December 2009. The ICCSR outlines the strategic vision that places particular
emphasis on the challenges emerging in the forestry, energy, industry, transport, agriculture,
coastal areas, water resources, wastes and health sectors.

Furthermore, BAPPENAS issued a document namely, National Development Planning:
Indonesia Responses to Climate Change in 2010. This document is an iteration of similar
documents that have been published in 2007 and 2008. This "Yellow Book" outlines the GOl's
commitment to timely supported and coordinated climate change mitigation and adaptation
policies and activities. This document is complementary to the concurrent ICCSR and provides
a comprehensive reference for integrating climate change into development plan process.
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Aligning tothe ICCSR, GOl through the Agency for the Assessmentand Application of Technology
(BPPT) and Ministry of Environment (MoE) has accomplished the TNA Mitigation in 2009. It
sets seven sectors, namely energy, transport, industry, forestry, agriculture, waste and marine.
Technologies identification and prioritization was done based on expert judgment.

Through the support of UNEP-RISO, TNA 2009 for mitigation will be refined and added with
TNA for adaptation, which has not been made in TNA 2009. For technology prioritization of
the current TNA, a Multi Criteria Analysis (MCA) is used which involves wider stakeholders
in each sector so that a better result of selected best applicable and available technologies
are expected. Furthermore, Technology Action Plans (TAPs) for multiple technologies of each
sector considered to be prioritized will be integrated into the TNA 2011.

The platform of Indonesia development mentions that economic development of Indonesia
must be based upon competitive advantages, wealth of natural resources, culture and human
resources of which are managed through the application of science and technology. The final
goal is actually to improve people's welfare that embodies the nationally democratic and
equitable life. However, as a developing country, Indonesia has a challenge in the development,
especially with global environmental conditions. Challenges include climate change, energy
security, food security, and sustainable resources to be considered in achieving the MDGs
targets as well as building competitiveness. Thus, “low carbon development” planning is an
option while maintaining its economic growth.

Although Indonesia is not a member of Annex-I countries that are obliged to reduce carbon
emissions, Indonesia is in fact a vulnerable country to climate changes particularly in
agricultural and marine/fisheries sectors. For that end Indonesia needs contributing to the
global efforts through mitigation and adaptation of climate change. Mitigation efforts are
manifested through Presidential Decree no. 61 of 2011 concerning the National Action Plan
for Reducing Emissions of GHGs (RAN-GHG). Basically, RAN-GHG is an order to follow up the
Bali Action Plan agreement on the Conferences of the Parties (COP-13) to the UNFCCC and the
COP-15 in Copenhagen as well as COP-16 in Cancun. Targets in the RAN-GHG itself based on
the GOI's commitment in the G-20 Summit in Pittsburgh to reduce GHG emissions by 26% with
their own funding efforts and 41% in total with the international aid by 2020 from business
as usual (BAU) conditions. Emission reduction of 26% will be achieved from forestry sector
(87.61%), energy sector (5.08%), waste sector (6.25%), and other sectors. RAN-GHG document
is a reference to efforts to reduce GHG emissions for society and business entities, as well
as for Local Government as a reference in preparing the Regional Action Plan for Reducing
Emissions of GHG (RAD-GHG).

Basically, national development of Indonesia is prepared by the National Development
Planning Agency (BAPPENAS), including various activities related to the response to climate
change. While the National Council on Climate Change (DNPI) is in charge of formulating
national policies on climate change, coordinating related activities covering aspects of climate
change such as adaptation and mitigation to climate change, technology transfer and financing
scheme. In addition, DNPI has a task to formulate rules and mechanisms of carbon trading,
monitoring and evaluation of the policies implementation on climate change response.
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It mentions in RAN-GHG that the effort to reduce GHG emissions is the responsibility of
ministries or related sectors. While the funding will come from the State Budget (APBN), Local
Budget (APBD) and other sources. Understanding other sources of funding here is among
others from bilateral, multilateral and CDM. The GOl welcomes financial assistance from
bilateral and multilateral donors who support national planning efforts on climate-change-
related initiatives. Several bilateral and multilateral donors are currently offering funding to
Indonesia through two broad categories: the UNFCCC financing mechanism and the Official
Development Assistance (ODA) framework.

Thus the funding mechanisms that comply with Government Regulation No.2/2006 are: (a)
Grant, (b) Loan (Sector / Project Loan and Program Loan), (c) CC (local) Trust Fund and, (d)
Debt for Nature Swap. Loan resources can be utilized when grant funding is insufficient and
should be the last alternative for climate change financing. Sector/ Project loan is allowed to
support the Kyoto Protocol's Clean Development Mechanism (CDM) as long as the Certified
Emission Reduction (CER) credits obtained from the project will be owned by GOI or project
developers (in the case of state-owned enterprise). A new key source of financing climate
change is emerging in the form of a trust fund scheme. The Indonesia Climate Change Trust
Fund (ICCTF) is one of the mechanisms that GOl intends to use to mobilize the required funding
for the promotion of coordinated national action to respond to climate change mitigation and
adaptation activities.

Participation of different institutions from the beginning of the process will ensure the
ownership and in-depth discussion for defining selected and prioritized technologies. At the
end, it will make easier for each sector to utilize this TNA for technology transfer program.

Stakeholder engagement processes are outlined as follows:

Inviting various stakeholders to discussion forum.

Conducting focus group discussions (FGDs), workshops and meetings with related sectors.
Involving reviewers to check the content of the TNA study.

Inter- sectoral meetings for cross cutting issues and consultation meeting with the related
policy makers of Indonesia.

The Indonesia TNA program is coordinated by National Council on Climate Change (DNPI), and
DNPI gives a mandate to the Agency for the Assessment and Application of Technology (BPPT)
to technically coordinate the development of Indonesia TNA Mitigation Synthesis Report 2011
from a series of stakeholder engagement until the finalization of the study. The decision making
scheme of Indonesia TNA is described in the Figure 1-1. There are two levels of decision-
making processes: the first one is decisions taken by Technical Committee, and the second
decisions are done by National Steering Committee. Both committees were officially endorsed
by the decree of the Executive Chairman of DNPI. Prior to having approval from Technical
Committee, TNA team has prepared the list of technologies of each sector and it was then
discussed in facilitated workshop and FGD among members of relevant sectors and experts.
The members of workshop and FGD focused only discussing and giving input on technical
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matters and they did not do the decisions. Hence, the TNA outputs resulted from workshop
and from FGD still need to be decided by Technical Team Committee and to be approved by
National Steering Committee. The Technical Committee Meeting was conducted on 9 March

2011 and it technically agreed the proposed prioritized technologies of all three sectors of
mitigation with minor changes.

Other
Countries

Related National Steering
Ministries Committee

Government NGOs
Agencies UNEP
Private h ' BPPT/ TNA Team Regional
Companies Dthers Center (AIT)

e —_—— «—r> <>
Note: Output; Direction; Close Cooperation

Figure 1-1 Indonesia National TNA Organization

1.2.2. Stakeholder engagement process followed in TNA
Stages in establishment of current TNA are as follows:

a) Set up expert working groups from various stakeholders and representatives from the
related ministries, government agencies, NGOs and private sectors.

b) Formulate multi-stakeholders’ core team and develop a work plan of the TNA study.

c¢) Doarrangements of meeting, discussion, workshop of related institutions and engagement
of the stakeholder to decide the proposed sector and technologies;

d) Develop draft TNA, consisting of:

® Overview of existing documents, such as TNA 2009, Second National Communication
(SNC), Indonesia Climate Change Sectoral Roadmap (ICCSR), the National Appropriate
Mitigation Actions (NAMAs);

® Establishment of criteria for prioritizing mitigation measures;

Definition of priority sectors and sub-sectors; and

® Selection of prioritized measures and sectors.
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1) Develop Technology Action Plans (TAPs) which consist of

® Barrier analysis for market penetration;
® Policy options-enabling framework.

2) Consolidate and prepare synthesis report; and
3) Do the final launching.

This work was officially started by a kick off meeting that was conducted on 24 August 2010.
From this event, the related institutions from different sectors have started to involve. As an
initial step before carrying out series of stakeholders meeting, TNA team reviewed the available
national documents or studies published by different ministries as stated above, developed
draft criteria based on TNA 2009, identified relevant resource persons and potential contact
persons from different institutions. It is noted that in 2010, there were some reorganizations
in the ministries and in other governmental institutions of Indonesia and therefore there were
change in the persons in charges who become members of the TNA Technical and Steering
Committees.

In November 2010, there was a meeting to discuss the potential members of Steering and
Technical Committees. It was not easy to appoint them and in fact, the appointment process
of Steering and Technical Committee’s members required much longer time than that
as predicted. This is due to high-level persons in charge from related ministries and other
government institutions were not officially appointed yet.

In addition to having official meeting, TNA team also did the informal meetings with experts
and resource persons from different ministries and institutions as well as from NGOs to speed
up the process of TNA study.

In February 2011, TNA team finally carried out mitigation workshop for 3 sectors (energy,
forestry and waste). The result of workshop was the draft of the prioritized technologies (2 or
3 technologies from each sector). This draft of the TNA study was then discussed and decided
during technical meeting conducted on 9 March 2011 and attended by Technical Committee of
Echelon 2 Officials from different ministries and governmental institutions.

The mitigation workshop was attended by different experts from different ministries,
governmental institutions and NGOs. For example, for forestry sector there were the
representatives from Ministry of Forestry, Ministry of Environment, Soil Research Institute,
Bogor Institute of Agriculture (IPB), and Tropical Peat Research Center (CIFOR). For energy
sector, there were representatives from Ministry of Energy and Mineral Resources, the
Ministry of Transportation, Environmental Business Development Foundation, Indonesia
National Committee — World Energy Council (KNI-WEC), Ministry of Research and Technology,
Ministry of Industry, and the Institute for Essential Services Reform (IESR). For waste sector,
there were representatives from the Center of Environmental Technology-BPPT, DNPI, the
Ministry of Public Works, Ministry of Environment, Indonesia Waste Forum (IWF), the National
Development Planning Agency (BAPPENAS) and Indonesia Solid Waste Association (INSWA).
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The first meeting of the stakeholders and experts in the beginning of the project has concluded
that there were three sectors for TNA Mitigation namely forestry including peat, waste and
energy.

1.3.1.1. Forestry sector

The forestry sector had been the second backbone of national economic development between
1980 and 1990 and will continue to be one of the prime movers of economic development.
Indonesia h as forest land of 120.3 Million hectares (~ 60% of the country’s land area), spreading
into seven geographical areas started from beach forest, peat forest, mangrove forest, low
land tropical rain forest, savannah, and mountain to alpine forest. Along with the shift of the
national development direction during 1970s, forestry also generated employment as well as
business opportunities. In early 1990s, the forestry provided direct employment for 1.35% of
the labour forces or even 5.4% for indirect employment.

Forest has two major mitigation functions: to act as carbon sink and source of GHG emission.
High rates of deforestation, degradation of peat lands and forests degradation constitute the
key sources of emissions. The results of the SNC study, in 2000, total GHG emissions for the
three main GHG (CO2, CH4 and N20) without LULUCF (LUCF and peat fire) reached 594.738 Gg
CO2e. With the inclusion of LULUCF, total GHG emissions from Indonesia increase significantly
to about 1,415,988 Gg CO2e. The main contributing sectors were Land Use Change and
Forestry, followed by energy and waste.

Whereas according to the National Development Planning: Indonesia Responses to Climate
Change report, it is predicted in 2020, GHG emissions from the forestry sector will reach 1.570
Gt CO2e. The figure of peat land reaches 1.44 Gt CO2e and forest fire and deforestation at
0.13 Gt CO2e. According to the latest survey (BAPPENAS, 2009) peat land-related emissions
was 900 Mt CO2/year the between 2000 and 2006. From the above information it can be
concluded that emissions from the forestry sector is above 85%, so it will be very significant if
the mitigation done to reduce its GHG emissions.

The Ministry of Finance (MoF, 2005) estimated that 17% of Indonesia’s total population
relied on the forestry sector both in formal and informal sectors. Climate change mitigation
in forestry can be achieved through carbon sinks namely forest plantation, rehabilitation of
degraded protection forest and conservation forest. Additionally, reduction of greenhouse gas
emissions can be realized by improving management of natural forests (production forest/
HPH, protection forest, and conservation forest).

This is in line with the sectors that have been specified in the RAN-GHG in order to reduce
emissions of GHG by 26% in 2020. In Indonesia, the role of forest in the context of climate
change is crucial for its adaptation and mitigation functions. Indonesia adaptation and
mitigation policies for forestry sector will affect both national and global levels because of the
sector significant levels of GHG emissions as well the need to enhance the resilience of forest
ecosystem.
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13.1.2.  Energy sector

The energy sector is the third largest contributors to GHG emissions in Indonesia. In 2004, GHG
emissions from energy utilization reached 22.5% of total national GHG emissions amounting
to 1,711,443 Gg CO2e. Emission reduction strategy is outlined by improving energy efficiency,
increasing utilization of new and renewable energy, cleaner fuels (fuel switching) and clean
energy technologies. The program includes energy efficiency, energy audit, energy efficient
lighting program, renewable energy development program (Desa Mandiri Energi/ Energy self-
sufficient village), Bio fuel (BBN) and Non-BBN (MHP, PLTS, fired plant), development of rural
biomass furnaces (Healthy and Energy Efficient Furnace Program). Fuel switching programs
is done through utilization of biogas program, the development of city gas in the household
sector, program substitution of fuel oil (BBM) to the Fuel Gas (CNG) or Bio Fuel (BBN), and
optimizing the utilization of geothermal.

Final energy consumption in Indonesia in the last 10 years increased by an average 4.24%
while the GDP in the same period grew by an average 7.16%. Growth in energy consumption
in recent years is decreasing due to world economic crisis and causing some commodity has
decreased and the enactment of the CAFTA free market which resulted in a de-industrialization,
especially for certain industries. In fulfilling the final energy consumption, nearly 50% of the
energy mix in the form of petroleum, followed by natural gas, and coal. The mix of New and
Renewable Energy (geothermal and hydropower) only reaches 5% of total Indonesia's energy
mix by 2010.

In mitigating climate change in the energy sector, Indonesia needs to address its heavy reliance
on fossil-based fuels properly. The GHG emissions from the energy sector must be managed
as this sector is crucial to the development of the national economy, both for earning export/
foreign exchange revenue and for fulfilling the need for domestic energy.

13.13.  Waste sector

Waste sector was chosen, apart because it is the second highest total GHG emissions in
Indonesia. Its contribution to the GHG emission is mainly due to Municipal Solid Waste (MSW)
and urban wastewater. The amount of Indonesia MSW is estimated to be about 48.8 Mt/year,
calculated from its population of 218.8 million people and MSW generation rate of 0.61 kg/
cap/day. Most of MSW (40%) is transported to the Solid Waste Disposal Sites (SWDS/’landfill)
and the rest is illegally dumped (8%), composted and recycled (2%), open burned (35%) and
treated in other ways (15%). Indonesia faces many problems in terms of MSW issues. Most
cities have no consistent master plan on managing solid waste. MSW management has not
been prioritized by local government policy as indicated with limited budget allocation.

These problems are slowly beginning to be addressed by the issuance of Law no. 18/2008,
where the MSW service is the domain of government (central and local). The birth of this Act is
a form of government political commitment. Based on experience so far, the problem of MSW
cannot only be solved by technology alone. There are at least 4 (four) other aspects that need
to be considered: financial, organizational (institutional), legal and social awareness aspects.

In accordance with the agreement among stakeholders in the workshop, the mitigation
technology in the waste sector only covers municipal solid waste (MSW) treatment. MSW
becomes a focus in this study because it causes huge problems in the urban area due to its
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large quantity and its disposal. In addition, MSW could emit significant GHG emissions into
atmosphere if it is not properly treated. Moreover, the Law no. 18/2008 about Solid Waste
Management regulates that all open dumping landfills, which is currently in operation, must
be replaced with the sanitary or controlled landfill in 5 years to come starting from the
implementation of that law. This implies that the new technology of landfill might be necessary
to be implemented in order to significantly mitigate potential GHG emission of MSW. Besides,
the need for the application of intermediate treatment technology becomes important. One
method to reduce GHG emissions at the landfill is to reduce the waste transported to landfill.

For mitigation technologies, it is suggested to use technology prioritization criteria as those
used in the TNA 2009. Those were weighting criteria for energy, transportation and industry
sectors. These criteria were grouped into general and specific ones. The grouped of general
and specific criteria was shown in Table 1.

The specific criteria are first national policy target and specific local situation, such as relevant
to existing energy policies and targets, and utilizing local energy resources. The second specific
criteria are economics and cost effectiveness of technology, such as total capital cost, IRR,
payback period, GHG abatement cost. The third is technology development, such as advanced
but proven technology, possibilities for local manufacturing and production. Moreover, the
fourth one is social acceptability, such as good impact on local socio-economic development.

Table 1-1 Specific and general criteria

General Criteria Specific Criteria

1. Conformity with national regulations and policies, 1. National policy target and specific local situation,

such as (food security, natural resource security, such as (relevant to existing energy policies and
energy security, incentive for participation) targets, and utilizing local energy resources)

2. Conformity with institutional and human 2. Economics and cost effectiveness of technology,
development, such as (capacity building) such as (total capital cost, IRR, payback period,

GHG abatement cost)

3. Conformity with technology effectiveness, suchas 3. Technology development, such as (advanced
(reliability of technologies, and ease for wider use but proven technology, possibilities for local
of technology) manufacturing and production).

4. Conformity with the environmental effectiveness, 4. Social acceptability, such as (good impact on local
such as (greenhouse gasses reduction and socio-economic development).
improvement of local environmental quality)

5. Conformity with the economic efficiency and cost,
such as capital and operational costs relative to
alternatives, and commercial availability

The process of technologies prioritization was done as follows. First, the criteria suggested by
UNEP was adopted and then discussed with experts and stakeholders to be changed or revised
if necessary. Each of these criteria was given the weight and then use to value the available
technologies. Finally, the scoring was given by all participated experts and stakeholders of
each sector to those technologies fulfilled for each criteria and sub-criteria of those proposed
technologies. All weighting and scoring of those criteria and sub-criteria for all proposed
technologies were achieved through stakeholder engagement processes. The example of
prioritization processes for sector was shown in Figure 1-2.
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Criteria determination is based on the TNA 2009, it is already in line with criteria developed by
UNEP RISO (AIT), including capital costs, financial viability (IRR, NPV, etc.), reduction of GHG
emissions, relevant to existing energy policy & target, utilization of local energy resources,
energy security, incentive for participation, advanced and proven technology, potential of
local manufacturing and production, reliability of technologies, applicability of technology,
environmental effectiveness, economic growth, commercial availability (market), support to
sustainability, good impact (employment, health, welfare), capacity building, social acceptance.

1.3.3.1. Forestry sector.

Forest plays a unique role in Indonesia. Their management is complex, and in most cases
barriers of proper forest management are caused by institutional issues as well as by
technology insufficiencies. Addressing climate change issues in the forestry sector cannot be
separated from the effort in tackling the challenges in forest management, which includes
institutional especially governance issues, the gaps between available domestic funds and the
magnitude of the problem to be dealt with, and market failure for forest products and services.
Sustainability of forest resources is crucial for the continuation of national development, as well
as in mitigation and adaptation to climate changes. Prioritized technologies for GHG emissions
mitigation in forestry sector are divided into category of sink enhancement and emission
reduction. For sink enhancement it is silvicultural, growth and yield modelling, advanced tree
improvement, pest disease, weed and fire management, site species matching, carbon related
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measurement and monitoring for carbon sequestration activities, industrial forest plantation
(HTI), small-scale forest plantation (HTR, HR), and rehabilitation/ restoration technology.
Whereas for emission reduction, it is Reduced illegal lodging (RIL) in production forest, Use of
molecular biology to support chain of custody (e.g. DNA analysis for log tracking), Zero burning
technology, and Carbon related measurement and monitoring for reduced emission activities.

133.2.  Energy sector.

In 2008, the national primary energy supply, including biomass amounted to 1,292.34 million
BOE (Handbook of Energy & Economic Statistics of Indonesia, 2009). The amount of the
national primary energy supply (excluding biomass) is 1,014.38 million BOE and 44.9% which
is dominated by crude oil (including fuel), then respectively followed by coal (31.4%), gas
(19.1 %), hydropower (2.9%), and geothermal (1.3%). Renewable energy by 2008 was still very
low i.e. 3% of total primary energy, and 9% of total fuel power plants. Types of renewable
energy sources currently used are waterpower, geothermal, bio energy, solar, and wind power.
However, the use of new and renewable energy is not optimal yet, since the price of renewable
energy is still relatively expensive compared to fossil energy. In order to speed up deployment
of renewable energy in wider impact, government intervention will play significant role in
terms of providing financial support and policy instruments.

13.33.  Waste sector.

For MSW, sanitary landfill with landfill gas (LFG) recovery has become a more common
technology to reduce CH4 emissions from SWDS. LFG recovery technology will be suitable for
CH4 recovery both in open dumpsites and sanitary landfills. In Indonesia the transfer of LFG
recovery technology, its methodology and sanitary landfill technology are still needed. It is
suitable for Indonesian conditions and can replace the used open dump sites.

Composting technology is widely used in several Indonesian cities using windrow composting
systems. If a windrow system is treated in the proper way, it will generate high quality
compost. Such system is operated manually involving the support of scavengers to segregate
the waste. The type of in-vessel composting technology is not applied yet due to high cost
in investment, operation and maintenance. Beside the composting technology, mechanical-
biological treatment starts to be introduced in several cities. Meanwhile, waste to energy from
anaerobic digestion and incineration also becomes popular to be discussed as an alternatives
waste treatment in metropolitan cities.

Under a business-as-usual (BAU) scenario, peat and LULUCF-related emissions are the main
contributors to Indonesia’s current and future GHG emissions. They also provide the largest
opportunities to reduce emissions.

In the past, GHG emissions contributed by deforestation and forest degradation have received
more attention than those contributed by peatland. Deforestation is caused by land conversion
for (smallholder) agriculture, oil palm cultivation and pulp wood plantation but also illegal
logging. Forest degradation caused by non-sustainable logging activities in Indonesia’s
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production forests reaches the average of 250 MtCO2e of gross emissions per year if current
logging practices are not changed. Deforestation in Indonesia peaked in the late 1990s, at a
rate of more than 1.8 million hectares annually. It has significantly decreased since then and is
expected to remain constant at the current rate of 1.1 million hectares annually.

Currently the importance of peatland’s GHG emissions has however received more attention
by both national and global concerns. This is due to the impacts resulted from fires on peatland,
the depth of peatland more than 0.5 meter and the huge land of peatland in Indonesia more
than 20,6 million hectares or approximate 10,8 per cent of Indonesian land. At the same time,
the scientific understanding of peat land has improved significantly in recent years. Many
researches on peat emissions and their measurement have been ongoingin Indonesia, marking
a new era on recognizing the importance of peat as a source of carbon emissions (DNPI, 2010).

Fires are the main sources of peat related emissions. DNPI (2010) estimated that in 2005,
fires accounted for 472 MtCO2e, more than 60 per cent of all peat land related emissions.
Decomposition of peat land as a consequence of drainage is the second largest source of peat
related emissions, accounting for another 300 MtCO2e. Other estimation of GHG emitted
from peat fire and peat decomposition relative to that of year 2005 was also carried out by
various parties such as CIFOR (Centre for International Forest Research), World Bank, Ministry
of Environment, and DNPI. BAPPENAS Roadmap Scenario relies on dominant proportion (i.e.,
59%) of emission reduction from peat sector. Whereas DNPI abatement cost curve scenario
relies on the dominant proportion of emission reduction from LULUCF sector (i.e., 58%).

DNPI estimated the Indonesia’s annual greenhouse gases (GHGs) emissions amounted to about
2.15 Giga tons (GT) in 2005. Approximately 772 Mt CO2e of which (38%) was contributed by
peat lands and 838 Mt CO2e (41%) was contributed by net emission from LULUCF. In other
words, peat and forestry sectors contributed more than 75% to the total Indonesia’s annual
GHG emissions in 2005.

Second National Communication (SNC) also considered peat and LULUCF sectors as main
contributors of GHC emission. Annual emission estimation of both peat and LULUCF sectors
are 440 MtCO2e and 617.28 MtCO2e, respectively, summing in a proportion of approximately
60% of total emission in 2004.

The ICCSR assessed three non BAU scenarios (SCs) namely SC1, SC2, and SC3. These three
scenarios were applied to forestry (LULUCF) sector. The results of assessment revealed that
SC3 increasing sink and creating conditions for preventing further deforestation is a feasible
scenario to reach the target of reducing GHG emissions by 26% in the year of 2020. Most of the
mitigation efforts in SC3 come from the improvement of management practices implemented
on 2,440 newly developed FMU (forest management units) — KPH (Kesatuan Pemangkuan
Hutan) in an area extent of 24 million hectares. SC3 has the lowest abatement cost per unit of
emission reduction and is intended to reduce annual GHG net emission of 800 MtCO2e to 496
MtCO2e within a period of 2011 — 2020. In addition, the suggested ICCSR mitigation options
of the peat sector are policy oriented associated with improvement of peat land management
practices and directed at “low carbon” peatland management by enforcing existing legal
requirement and establishing new standards. Two main mitigation options are suggested to
reduce annual emission of 470 MtCO2e, from 1,700 MtCO2e of BAU down to 1,230 MtCO2e
within a period of 2011 — 2020.
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General criteria for selecting the most needed technologies were established based on national
regulations and policies as well as the basic principles of Sustainable Forest Management (SFM),
specifically from three different aspects of sustainability: economy, social, and ecology. Five
basic criteria based on SFM were established for the purpose of TNA 2009. Brief descriptions
of such general criterias are as follows:

a. Conformity with National Regulation and Policy
The role of Indonesia’s forests is as a prime mover of national development and as a
resource of livelihood to which millions of people depend upon as well as provide
environmental services for both national and international communities.

b. Institutional and Human Development
From the institutional and human-development perspective, technology used in forestry
must contribute to human and institutional capacities improvement, as a result of
increased efficiency and effectiveness in resource utilization and technology application.

c. Technology Effectiveness
Technology selection must serve the user needs by considering the existing potential
capacities of human resources, institutions and financial resources to maintain and
improve the technology.

d. Environmental Effectiveness
Technology selection must seek the lowest environmental negative impacts and, whenever
feasible, must contribute to the improvement of environmental conditions. The use of
reduced impact logging technology for example, will contribute to the improvement of
the remaining forest-stands after harvesting.

e. Economic Efficiency and Cost Effectiveness
Low cost technology must also be considered as an option in selecting technology. In
addition, it must also consider a trade-off between costs and quality from using the
selected technology. In forest inventory or forest carbon accounting, for example, the
trade-off is the increase level of accuracy of data as against the information produced and
costs incurred.

The general criteria were also supported by specific criteria normally used for natural,
plantation, and community-based forest. The criteria were adopted from criteria of sustainable
forest management enforced by the Ministry of Forestry for the implementation of forest
management in Indonesian. The criteria also adopted ones used by the Indonesian Eco-
labelling Institute (LEI) for voluntary forest certification. The specific criteria for assessment on
forestry sector are given as follows:

Sustainability of production function

Sustainability of ecological function

Sustainability of social functions

Technology (availability, applicability, least cost and environmental friendliness)
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Finally, these two second level criteria were broken down into 20 third level criteria. The
hierarchical structure of these three levels of criteria is illustrated in Figure 1-3.

The process of technology prioritization of forestry and peat sector was carried out through
stakeholder workshops attended by experts, scientists, and decision makers. The task of the
workshop was to:

® Re-identify technology by modifying, adding, and/ or omitting the identified technology;

® Pre-screen and define the re-identified technology and select approximately 12
technologies to be then assessed by using multi criteria analysis;

® Assess the 12 selected technologies by means of defining ‘scores’
judgement and consensus for each technology on each parameter; and

® Selectthe top three technologies based on the rank defined by the output of multi criteria
analysis.

based on expert

Based on the intensive discussion in the workshop regarding the list of technologies for
GHG mitigation identified in Table 1-2, stakeholders agreed to modify technology number
1, i.e., “silvicultural technology” to become “intensive silvicultural technology”. In addition,
the stakeholders proposed another technology, i.e., “peat re-mapping” to be added
into the list. Besides, the stakeholders recognized that there was a significant difference
between mitigation measures of increasing carbon absorption capacity (sink) and reducing
emission (conservation) of carbon stock. Therefore, they agreed not to merge technology
number 6 (carbon sequestration measurement and monitoring) with technology number 10
(measurement and monitoring for reducing emission), and therefore they change technology
title of number 6 to become “sequestration measurement and monitoring”. Based on the
agreement in the stakeholders meeting, it was also proposed the addition of technology, i.e.
peat re-mapping. This technology makes the list in Table 1-2 in the right column to become 13
types of technology.
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Figure 1-3 Hierarchical structure of technology selection criteria of forestry sector
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Table 1-2 Re-identified technology for GHG mitigation of forestry and peat sector

Identified Technology Reidentified Technology by Stakeholders

1 Silvicultural technology 1 Intensive Silvicultural technology

2 Growth and yield modelling technology 2 Growth and yield modelling technology

3 Advanced Tree improvement 3 Advanced Tree improvement

4 Pest, disease, weed and fire management 4 Pest, disease, weed and fire management

5 Site species matching 5 Site species matching

6 Carbon sequestration measurement and 6 Carbon sequestration measurement and
monitoring monitoring

7 Reduce Impact Logging in production forest 7 Reduce Impact Logging in production forest
Molecular biology for log tracking 8 Molecular biology for log tracking
Zero burning technology 9 Zero burning technology

10 Measurement and monitoring for reducing 10 Measurement and monitoring for reducing
emission emission

11 Best cultivation practices compliant with < 11  Best cultivation practices compliant with <
3m peat 3m peat

12 Water Management 12 Water Management
13 Peat Remapping

All these 13 technologies were done a pre-screening process and were obtained 11 types of
technologies. Overall, eleven technologies are shown in Table 1-3. The followings are some
important arguments to support the results of pre-screened technologies recognized by the
stakeholders.

Pest, disease, weed and fire management. This packet of technology is considered part of
silviculture; therefore, it should be merged into an intensive silvicultural technology.

Growth and yield modelling technology. This technology is dedicated to increase the capacity
of carbon absorption therefore; it should be merged into sequestration measurement and
monitoring.

Zero burning technology. Two types of fire management were recognized i.e., normal fire
management as part of silvicututural practices and zero burning technology dedicated to land
preparation practices for forest conversion (forest plantation estate, tree estate, small holder
agriculture).
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Table 1-3 Mitigation technology for forestry and peat sector (pre-screened)

| No | Pre-screened Technology by Stakehoders _ Noe

1 Intensive Silvicultural technology Include Pest, disease, weed and fire
management

2 Advanced Tree improvement
Site species matching

4 Sequestration measurement and monitoring Include Growth and yield modelling
technology

Reduce Impact Logging in production forest
Molecular biology for log tracking

Zero burning technology For forest conversion and fire
management
Measurement and monitoring for reducing emission
9 Best cultivation practices compliant with <3m peat Include water management and soil

amendment /ameliorant/fertilizing to
reduce peat decomposition

10 Water Management Dedicated to peat dome conservation
11 Peat Remapping Dedicated to redefining baseline
information

Water management technology. Water management technology is intended for production
processes, and for hydro topography conservation of peat domes. Therefore, water
management for production purposes was included into best cultivation practices that comply
with the peat depth of less than 3 meters (technology of number 9). Besides, to reduce the
rate of peat decomposition, technology of number 9 needs to include peat soil management
such as ameliorant and fertilization.

Peat re-mapping. Peat maps are now available at wide variety of scales and themes provided
by many different mapping entities at different mapping times. These maps are not compatible
and do not conform to each other. They need to be compiled and verified in a common standard
to meet with and to conform to IPCC guidelines.

The element of performance matrix comprises of cells of selection criteria’s weight and scores
of pre-screened technologies. Determination of the weight of each criterion is based on the
stakeholder discussions. Multi Criteria Analysis for mitigation of forestry sector with the weight
of each criterion is given in Table 1-4. The cells were discussed among and assigned by the
stakeholders.

20 \ Indonesia Technology Needs Assessment For Climate Change Mitigation 2012



Table 1-4 Multi criteria analysis for mitigation of forsetry sector
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Further analytical work was performed to select top three prioritized technologies based on
their total scores obtained from the aforementioned matrix (MCA). The final scores were re-
grouped into two clusters: cost and benefits. The performance matrix of technology selection
of forestry and peat sector is presented in Table 1-5. Result of technology prioritization is
presented in Table 1-6. The final scores of Table 1-6 indicate that there are three technologies
having the highest scores, i.e.:

1) Measurement and monitoring for reducing emission.
2) Carbon sequestration measurement and monitoring.
3) Peat re-mapping.
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Table 1-5 Performance matrix of technology selection of forestry and peat sector

Cost Benefit
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Intensive Silvicultural 4.0 5.6 45 6.6 15.9 11.2 15.7 8.7 130.1
Technology
Advanced Tree Improvement 40| 56| 50 4.6 13.1 11.2 16.8 8.3 122.7
Site species matching 40| 56| 39 8.7 13.6 11.2 16.8 5.8 125.7
Carbon sequestration 45| 34| 56 9.1 16.2 11.2 16.8 21.4 162.8 2
measurement and monitoring
Reduced impact logging in 31| 39| 50 6.1 14.0 11.2 16.8 9.5 127.4
production forest
Molecular Biology for log 45 34 34 3.9 13.9 9.5 11.8 10.2 109.8
tracking
Zero burning technology (for 4.5 2.2 5.0 8.0 15.5 11.2 14.6 9.7 129.8
forest conversion) and fire
management
Measurement and monitoring for 45 2.8 5.6 10.3 18.0 10.1 16.8 20.9 165.0 1
reducing emission
Best cultivation practices 4.5 5.0 45 8.1 16.1 10.1 15.1 17.5 148.0 5
compliant with < 3m peat
Water Management 45| 50| 45 8.9 16.7 10.1 14.6 17.0 148.3 4
Peat Re-Mapping 45| 56| 45 8.9 18.0 9.0 14.6 17.3 150.0 3

The above-mentioned top three prioritized technologies of forestry and peat sector are
characterized by their non-physical mitigation measures, which have no direct efforts to reduce
GHG emission. In other words, their characteristics are more dedicated to MRV (monitoring,
reporting, and verification) than to direct reduction of GHG emission. Recognizing these facts,
the assessment suggests the followings:

® Merge the two first technologies into one cluster of measurement and monitoring
technology for both sequestration and emission.

®  Assign peat re-mapping technology as rank 2.

Assign water management technology from rank 4 into rank 3.

® Define the top three selected technologies of forestry and peat sector as follows:

1) Measurement and monitoring of carbon sequestration and emission.
2) Peat re-mapping.
3) Water Management

The three-selected technology does not directly associate with a decrease in GHG emissions,
except for water management. To note that the largest GHG emissions from forestry sector is
a result of forest fires rather than anthropogenic. Therefore, water management technologies
are needed in order to prevent and deal with forest fires. While the magnitude of emissions
and carbon sequestration is vital to be t known and reported, so it would require monitoring
and measurement technologies both as an emitter and as carbon sinks. Peat land as a big
source of emissions needs to be mapped to known quantities and the potential emissions.
These three technologies are expected to be implemented in a single location so that the pilot
can be replicated to other locations.
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Table 1-6 Result of technology prioritization

Technology Costs Total Priority
Development Rank
Mltlgatlon Benefits

1 Intensive Silvicultural Technology 58.0 72.1 6

2  Advanced Tree Improvement 9.6 5.0 54.0 68.7 10

3  Site species matching 9.6 3.9 56.1 69.6

4  Carbon sequestration 7.8 5.6 74.7 88.1
measurement and monitoring

5 Reduced impact logging in 7.1 5.0 57.6 69.7 8
production forest

6  Molecular Biology for log 7.8 3.4 49.3 60.5 11
tracking

7  Zero burning technology (for 6.7 5.0 59.0 70.8 7
forest conversion) and fire
management

8 Measurement and monitoring 7.3 5.6 76.1 89.0 1
for reducing emission

9 Best cultivation practices 9.5 4.5 67.0 81.0 5
compliant with < 3m peat

10 Water Management 9.5 4.5 67.2 81.2

11  Peat Re-Mapping 10.1 4.5 67.7 82.3 3

Energy sectoris one of the biggest greenhouse gases (GHGs) emission contributorsin Indonesia.
In 2004, GHGs emission due to energy utilization reached 22.5% of the total national GHGs
emission that was 1,711,443 Gg CO2e including LULUCF (Land Use and Land Use Change and
Forestry). Because of the important role of energy sector in contributing GHGs emission in
Indonesia, several analyses and assessments of GHG emission reduction technologies have
been carried out since 2000. The implementation efforts of GHGs mitigation have been making
progress since the announcement of the Government of Indonesia’s policy to reduce GHGs
emission as many as 26% with national budget or even 41% with additional foreign aid by
2020.

For example, the assessment of GHG mitigation on the energy sector was started in 2000 when
the First National Communication under the United Nations Framework Convention on Climate
Change was prepared by State Ministry of Environment (MoE) in cooperation with the United
Nations Development Programme (UNDP). In this study several GHGs mitigation technologies
in the transportation sector, electricity generation, coal upgrading, energy labelling and energy
standardization were recommended to be prioritized.

In 2001, the MoE and the UNDP also carried out a study on the identification of less greenhouse
gases emissions technologies in Indonesia. Several energy technology options in reducing
GHGs emissions at both supply and demand sides were resulted from this study. It also
reported several criteria for selecting the GHGs mitigation technologies in the energy sector.
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Based on the marginal abatement curve criteria it was concluded that the prioritized groups of
technologies were as the following orders: co-generator, electric motor, solar thermal pump,
CF lamp, improved refrigerator, high technology refrigerator, new biomass furnace, new mini
hydro generator, gas combined cycle generator, advanced compact fluorescent lamp, compact
refrigerator, compact panel refrigerator, new gas furnace, new biomass power plant, new gas
turbine, geothermal generator, new HSD gas turbine, new 600 MW coal power plant, and new
400 MW coal power plant.

The study done by the Second National Communication (SNC) under UNFCCC described about
the GHGs emissions of each sectoraswellasthe mitigationtechnologies of electricity generation,
energy supply, energy for industry, energy for households and energy for transportations.
However, this study did not mention how much CO2 emission could be reduced by the use of
those mitigation technologies. It did not also inform the cost spent as a result of employing
each of those mitigation technologies.

In the Indonesia TNA 2009 study coordinated by BPPT, the energy sector was separated in the
following groups: electricity generation and fuel production, energy use in industry, and energy
use in transportation. This TNA study did the detailed mitigation technology analysis of each
sector. It was also set up the criteria in selecting GHGs mitigation technologies, particularly for
the energy sector. The expert judgment was used to prioritize energy technologies in this TNA
mitigation. The sort of prioritized mitigation technologies in the energy sector from highest to
the lowest scores was then established.

The study of Indonesia Climate Change Sectoral Roadmap coordinated by the National
Development Planning Agency (2010) comprehensively evaluated energy priority for GHGs
mitigation. In the same year of 2010 the assessment of Indonesia’s GHG Abatement Cost Curve
was carried out by the National Climate Change Council (DNPI) and McKinsey. This study also
evaluated marginal abatement cost curve (MACC) of the energy sector. The MACC for electric
generation, industry (especially cement industry), transportation, petroleum refinery and
building of energy sector was discussed. In terms of the national energy policy, it was described
the important of cleaner technology application to enhance national energy security, and fuel
substitution, as well as energy utilization, conservation and efficiency for the future national
energy demands.

Weighting the criteria for selecting GHG mitigation technologies in the energy sector has been
explained in TNA 2009 report, including industrial and transportation sectors. These criteria
were then grouped into general and specific ones as shown in Table 1-1.

From related national studies or documents mentioned above it was summed up to be 79
types of energy technologies that could be used to mitigate the GHG emissions from the
energy sector in Indonesia. Based on the consensus of stakeholders, the overall mitigation
technology is still relevant to be assessed in the current study. All the technologies proposed
in the previous TNA tabulated, compiled, and eventually produce about 79 technologies. The
results of 79 GHG mitigation technologies in the previous TNA were then narrowed by selecting
top 10 technologies with the highest scores in each sub-sector; power generation, industry,
and transportation. Therefore, the total for the energy sector is then 30 technologies.
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Those thirty technologies from the three sub-sectors were compared with the technology
proposals put forward in a variety of previous studies. The results of comparison then tabulated
and obtained 12 GHG mitigation technologies that represent sub-sector power generation,
industrial, and transportation. These 12 technologies were finally prioritized using Multi
Criteria Analysis (MCA).

In this current TNA study, UNEP-RISO suggests to use certain criteria for prioritizing mitigation
technologies grouped into cost and benefit which is actually similar to the criteria used during
TNA 2009 study. Therefore, in order to prioritize 12 types of mitigation technologies for energy
sector it is used the criteria structure suggested by UNEP-RISO and employing sub-criteria
used in the TNA 2009 study. This combination of prioritizing structure and its criteria is shown
in Figure 1-4.

The criteria that the mitigation technologies measurable, reportable and verifiable (MRV)
were used in pre-selection process. The selection also took into consideration the purpose of
technology transfer, clear and concise contracts, and clear executing agencies.

The criteria put in Table 1-1 are essentially an umbrella for "tree" criteria of Figure 1-4. This
means that the criteria in Figure 1-4 become more details as a result of the development of
Table 1-1. The criteria are grouped into benefit and cost as suggested by UNEP/URC during the
workshop. They are also to be more practical and operational, but not contrary to criteria listed
in Table 1. Some adjustments might be made. For example, the criteria for GHG mitigation of
Figure 1-4 are put in the cluster of benefits and more highlighted, while in Table 1, these
criteria are included in the technology effectiveness. The criteria for social benefits of cluster
development of Figure 1-4 previously entered into the specific criteria in Table 1. Based on
Figure 1-4, it is obtained 18 criteria for the MCA energy sector.

ENERGY SECTOR
|
| |
COST BENEFITS
[ | | I ]
. . . Conformity with
Capital Financial GHG ° n‘éﬂ'&'ﬁ!f’ Technology || Environmental Economic Social
Costs Viability Mitigation Reg';}:};g;ﬂ"d Effectiveness | Effectiveness || Development || Development
Capital and operational
costs relativeto Relevantto Advancedand Good Impact
alternatives (COC _| existing energy proven technology __| Economic H (employment,
Effectiveness) policy &target(EF) || | (AD) Growth health, welfare)
|| Utilization of local manufacturing Commercial Capacity
local energy | and production | availabili "| Building
resources (LER) L PLE) (market) (CA)
|| Energy Security Rellabllity of Socia
(ES) " Technologies(RT) = g::g::aﬁm “ Acceptance
Incentive for icabili
e L Applicability of
| participation (P) | | rachnology

Figure 1-4 Structure and criteria used for prioritizing mitigation technologies in energy sector
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Table 1-7 shows 12 types of technologies in the energy sector that are proposed to be prioritized
using MCA. Technology receiving highest score in each sub-sector (energy generation, energy
for transportation, energy for industry) was chosen and thus three mitigation technologies
were finalized in the energy sector. The scoring of the mitigation technologies among sub-
sectors in this work was done separately. For example, technology scoring for transportation
sub-sector did not interfere the scoring for energy generation sub-sector or for industrial sub-
sector, or vice versa. Table 1-8 shows the scoring results of the MCA as a whole.

Before the best technology from each sub-sector was established, there was an intensive
discussion among related stakeholders to investigate whether that technology really connected
the national program and could be implemented in the mitigation of GHG emission from
energy sector. A significant time was spent in this process because it had to go back over to
score until to obtain the ones that were really priority of the sector as well as in line with the
national policy and program. Discussions were always made to determine what technologies
would be prioritized through pre-screening or MCA procedure. The technology chosen must
be realistic and sector or ministry priority.

Table 1-7 Options of GHG mitigation technologies for energy sector

Sectoral/Technology | TNA mmﬂ
2009 Curve Natcom | GHG
a0 | a0 | 00| 200 | 2005 | 2010|2000 | 200
A ENERGY
1  Advanced Coal Power XX XX XX XX XX XX
Plant
2  Geothermal Power XX XX XX XX XX XX XX
Plant
3  Biomass Power Plant XX XX XX XX XX XX XX XX
4 Wind Power XX XX XX XX XX XX XX XX
5  Photovoltaic XX XX XX XX XX XX XX
6  Nuclear XX
B INDUSTRY
7  Cogeneration XX XX XX XX
8  Electric Motors XX XX XX XX
9  Pump and Fan System XX XX
TRANSPORTATION
Improvement of XX XX XX XX XX XX XX XX
Public Transport
ITS XX XX XX XX XX XX XX
CNG XX XX XX XX XX XX XX

In order to gain support politically these prioritized technologies were brought to the technical
team meeting consisting of Echelon 2 ranking Government Officials from related ministries
(Ministries of Energy, Transportation, Industry and Research and Technology). Then, the final
decision was made by the steering committee meeting chaired by the Chairman of The National
Council on Climate Change (DNPI) with the members consisting of highest rank of Echelon 1
Government Officials from related ministries.
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Table 1-8 Scoring of multi criteria analysis for mitigation of energy sector
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1.4.9. Results of technology prioritization for energy sector

From technology prioritization done by stakeholders using MCA for each sub-sector,
photovoltaic technology obtained the highest score among six prioritized technologies of
energy supply sub-sector (PV, wind power, advanced coal power plant, geothermal power
plant, biomass power plant, and nuclear power plant). For industrial and transportation sub-
sectors, the respective highest scores of mitigation technologies were an efficient electric
motor and MRT. Even though these three technologies have been agreed by the stakeholders
during the workshop, the final decision was then made by the technical team meeting and
steering committee meeting. The concluded result of the prioritized GHG emission mitigation
technologies from energy sector is given in Table 1-9.

Table 1-9 Summary of twelve prioritized GHG emission mitigation technologies for energy sector

COST BENEFIT
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& |s¢|S5|E& 322283 =
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PV 9.3 84| 52204179 | 4.6 9.0| 7.3 [ 82.0
Wind Power 70| 59| 0.7]15.0|16.4 | 3.9 6.6 | 6.4 | 61.9
Advanced Coal Power Plant 28| 25| 74 |121.6|18.0| 5.2 8.6 | 8.6 | 74.7
Geothermal Power Plant 56| 5.0 3.7 | 254|156 | 6.5 6.8 | 8.3 | 76.9
Biomass Power 4.7 | 5.0| 3.7 15.6 | 16.2 | 3.9 6.3 | 6.8 | 62.2
Nuclear 74| 59| 3.0|18.3[14.4| 3.9 74| 7.2 | 67.5
Cogeneration 93| 6.7 | 3.7118.9]|14.0| 5.2 6.9 | 6.0 | 70.8
Electric Motors 93| 75| 6.7|17.5|14.0| 4.6 6.9 | 5.5|72.0
Pump and Fan System 9.3 59| 3.0|17.6|16.1 | 3.9 7.1 | 7.2 | 70.0
ITS 74| 50| 6.7|17.3[16.2 | 5.9 9.2 | 7.0 | 74.7
Improvement of public transport 9.3 84| 74|121.4|154| 5.9 8.7 | 9.2 | 85.7
CNG 56| 6.7| 6.7 22.7(14.4| 65| 10.7 | 9.9 | 83.2
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In term of municipal solid waste (MSW) management, Indonesia is facing many problems, such
as:

® There is no consistent master plan of municipal solid waste (MSW) management in most
cities of Indonesia;

® An appropriate MSW management has not become a prioritized policy for the local
government as indicated by very limited budget for MSW management;

® Facilities for waste collection, transportation, and disposal are limited;

® Almost all final disposals are open dumping sites that cause problems due to water
pollution discharges, gaseous and smoke emissions and disgusting odor releases.

It is predicted that by the year 2020, the amount of solid waste generation in Indonesia will
be double, compared to that of now, if the business as usual management of MSW is still
done. Currently, MSW management paradigm in Indonesia still relies on the existence of final
disposal facilities (TPA/landfill) that the majority are still open dumping landfills. By Law number
18/2008, this paradigm will be shifted to the source reduction. Thus, the role of technology
that support the principles of the 3Rs (Reduce, Reuse and Recycle) becomes very important.
One that is discussed in stakeholders meeting is how to improve technological capacity in the
intermediate treatment facilities (TPS). Given the nearly more than 60% of MSW in Indonesia
is degradable materials (organic), the application of technology that can make composting
more efficient is important. While in the final disposal, it is expected to leave open dumping
and switch to controlled landfills or semi-aerobic landfill in the management of MSW in the
future.

The development of Global TNA in the waste sector has an objective to prioritize technologies
that suit to Indonesian’s conditions and has significant capabilities to reduce GHGs emissions
of MSW.

Stakeholders involved in this workshop were from the Ministry of Public Works, the Ministry
of Environment, the Agency for Assessment and Application of Technology (BPPT), National
Development Planning Agency (BAPPENAS), Indonesia Solid Waste Association (INSWA),
Indonesia Waste Forum (IWF), etc. The process of the TNA for waste sector was accomplished by
conducting a series of discussions and facilitated workshops attended by related stakeholders
to gather inputs and to evaluate the overlapping issues of the technologies to be appraised.

For MSW management, there is basically no single best technology that can effectively
overcome the waste problem because of the diverse characteristics and composition of
the waste as well as the different conditions of urban where the waste is located. However,
during the technology prioritization, it tends to choose the individual technology instead of
integration one as a system.
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It was agreed that the boundaries of selecting technology in waste sector were that the
selected waste treatment technology has to be mature, adva