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Executive Summary

The technology needs assessment for climate chaiggtion includes two main steps; selection @& th
priority sectors and prioritization of technologies mitigation of greenhouse gas (GHG) emissians i
the priority sectors. The sector selection andneldgy prioritization was carried out through a ikm
process; review of the status and trend of GHG somis or existing mitigation technologies in diffet
sectors and initially identify the priority sectass technologies; application of multi-criteria ascbring

for prioritization; and stakeholder consultatiordasensitivity analysis for validation of the resulThe
review of the emissions status and trends or egjsthitigation technologies mainly focussed on
assessment and summary of the emissions, trendeeamaologies described in the Initial and Second
National Communications on Climate Change (INC &@MC)(STEA, 2000 and MoNRE, 2012),
Assessment Report on Technology Needs and Priorfte Mitigating Greenhouse Gas Emissions
(STEA, 2004), Strategy on the Climate Change of tl® PDR-SCC (WREA, 2010), National
Socioeconomic Development Plan of the Lao PDR 22115 (MPI, 2011) development plansf
different sector including information on the métgn technologies elsewhere such as IPCC Assessmen
Report (IPCC, 2007), TNA guidebobland websitt The multi-criteriaapplied in the sector and
technology prioritization are broadly divided inufomain categories, namely contribution to GHG
emission reduction, economic, social and environm&hese criteria are mainly originated from the
criteria recommended in Technology Needs Assess(i&i) Handbook (UNDP and UNFCCC, 2010)
but they were edited and elaborated particularljthesector selection and technology prioritization
workshops. In the prioritization of sectors andteaihgies, those criteria were weighted and scoeesg:d

on the multi-criteria techniqué$he stakeholder consultation particularly seceection and technology
prioritization workshops were held in February dvidy 2012 which participated by public, private,
research institutes, academic and internationahrorgtions, totally not less than 24 departments or

organizations and 35 participants each.

! For example: Forestry Strategy to the year 2020@Lao PDR (MAF, 2005) for forestry sector andidglture Development
to the year 2020 for agriculture sector (MAF, 20éth)

2 For example guidebook on the Technologies for ddtibn of Greenhouse Gas Emissions in the Agricellector (UNEP,
2012)

3For example: http://climatetechwiki.org/

4 The multi-criteria techniques derived from oneormended in Communities and Local Government, 2009.
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Through these processes; two sectors namely fgresiriculture and four technologies for each secto
are chosen as priority sectors and technology némdgreenhouse gas mitigation. Followings are the
priority sectors and technologies for GHGs mitigati
Mitigation technologies for the forestry sector:

o Effective Protection and Protected Area

e Optimal Agro-Forestry

e Optimal Plantation

e Sustainable Community Forest Management

Mitigation technologies for the agriculture sector:
e Organic farming
e Biogas digester
o Feeds improvement

e Agriculture residue to energy

Effective Protected Area Management: as mentioned, the effective protected area manageivea
technology derived from the combination of multsalplinary approach which include the livelihood,
incentive and ecosystem-based forest managemedatling REDD plus and effective law enforcement.
The chosen of this technology aligns with natigmalicies on the environment protection, biodiversit
conservation, ecotourism and climate change. Thplication of this technology, particularly
classification and demarcation of 22 National Biedsity Conservation Areas (NBCAS), started abd@ut 2
years ago. In addition, zoning, patrolling to ehate forest encroachment and hunting, promoting
ecotourism and introduction of REDD mechanism hbegen implemented for many protected areas.
However, the management is ineffective; forest @cinment and conversion still occurs. This is due t
insufficient resources for management, ineffectax@ enforcement, and failing to address livelih@od
ownership of forest dependent communities. So tected effective protected area management is,
under TNA, expected to address these mentionedsszud also contribute to maintain and or increase
forest cover, biodiversity and being a source oboa sink.

Appropriate Agro-Forestry System: the appropriate agro-forestry system can serveocadapture and
sequestration, socioeconomic and other environrhbateefits. This technology, is actually aligneithw
the forest strategy to 2020 (MAF, 2005) and thatsgy on climate change (WREA, 2010), which aims at
promoting appropriate agro-forestry system for ewhay climate change mitigation and adaptation.

However, the development of agro-forestry systeadeto various impacts at different levels, depsgdi
10



Part |- Technology Needs Assessment Report

Lao PDR

on the site specific condition, combination, tecius etc.; so development of appropriate agro-forest
system should be carried out through research amsbdstration. The prioritization of this technoldgy

the TNA is expected to support the identificatiow @r innovation of the appropriate or climate a®n
oriented agro-forestry systems that maximize cadapture and sequestration and generate substantia
socioeconomic and environment benefits.

The optimal plantation: a market viable, cost-effective and ecosystem¢bagsantation is one of the
technologies that have a great potential of cartmpture and storage as well as contribution to the
conservation of the environment or ecosystem. Hhecton of this technology reflects the government
policies and issues such as replacing dependencevomu from natural forest, afforestation for
environment conservation, income and employmentticne as well as maximizing benefits from
particularly degraded land. At present, 230,00@hsuch plantation has been established (FAO, 2010
and the majority are eucalyptus, teak and rubbbe Government targeted to increase the area of
plantation up to 500,000 ha by 2020 (MAF, 2005)ttsmre is room for plantation to grow. Howevee th
development of plantation should be promoted atatetand use types that align with law, marketeags
cost-effective, suitable species and ecosystenth&egrioritization of the optimal plantation in tA&A

is expected to lead to innovation of this technplag well as promotion of appropriate spetisd

techniques for a certain ecosystem as well asirasta plantation development.

The sustainable community forest management (SCFM)is a key technology which has potential for
meeting both biodiversity conservation and sustdaalivelihoods, including changing climate
mitigation. This technology is aligned with recgoivernment policies, particularly forest strategyal
development, poverty reduction and building villages the development unit including decentralized
forest and land management. The SCFM has beenrmepked in Laos since 1993 and majority of the
activities are on management of secondary fordstndon slash-and-burn; rehabilitation of degraded
forest and sustainable NTFPs. However, up to da¢se activities are still in the initial stage,adinscale
and facing several challenges in meeting bioditaeginservation and sustainable livelihoods, initigd
changing climate mitigation targets. These chaksrnigclude incomplete allocation of land and fofest
the village, lack of capacity of local authoritycinding village in planning, mobilization of finaiat
resources for support the implementation and intimvaf SCFM including application of best practce

So the prioritization of this technology in the TN#& expected to contribute to the development and

5 The appropriate species in the context refer si-effective, market viable, optimal carbon sequatiein and storage, improve

ecosystem and multi-purpose for use.

11
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innovation of this technology, which can bring dansial benefits on the livelihood, biodiversity

conservation and climate change mitigation.

Organic Farming: organic farming is an environmentally friendly agtitural practice or technology that
is essential for reducing GHG emissions from soifl ahe application of fertilizer. In addition, this
technology also helps to reduce emissions fronilikent and pesticide manufacturing elsewhere. This
technology is chosen due to its high score in thierion of GHG emission reduction as well as its
potential of creating income and employment forfreners, environment conservation, and contriloutio
to avoid emissions from soil and fertilization agmioned above. Recently, although most of Lao
farmers practise organic farming; certified or fied organic farming is at initial stage and snsalile in
Laos. However, prioritization of this technologythre TNA is expected to contribute to the developime
of this technology to maximize benefits on the potion of conservation agriculture, poverty reduatio

as well as GHG emissions reduction.

The Biogas:. is a key technology for reducing GHG emissions fildrastock manure management. In
addition, this technology helps to reduce commeagtiargy consumption as well as GHG emissions from
energy consumption. Development or implementatibthis technology is a means of implementation
national policies on the promotion of environmegtadound technology, pollution control, poverty
reduction and emissions mitigation. In additionlestng this technology is also a means to provide
alternative energy particularly for farmers. Howewbe development of the biogas technology depends
on livestock manure inputs, including manure maneagg system and proper design and maintenance of
biogas systems. These are key problems faced lyadidevelopers in Laos. So it is a prerequisite to

address these issues for the development of btegheology.

The feeds and feeding improvement: the feeds and feeding improvement is a key teclyyolfor
reduction of the emissions in the agriculture segwarticularly addressing emissions from livestock
enteric fermentation by improving the quality ofefls and optimising feeding. This technology can
contribute to the implementation of national p@gion rural development and poverty reduction had t
achievement of sustainable livestock and climatengk mitigation. To date, the feeds and feeding
improvement is expanding in the country. Howevelisistill at small scale and unsystematic; so the
prioritization of this technology in the TNA is eaqted to contribute to the development of this
technology and the appropriate application of teishnology for maximal benefits in terms of both

productivity and emissions mitigation.

12
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Agriculture Residue to Energy: this is an emerging technology with high potentiat reducing
emissions, particularly from crops residue burniafi,to decay and directly input to soil. In adiiit, this
technology also provides an alternative renewalnlergy. Development of this technology is an
implementation of national policies on renewablergg, environmentally sound technology and low
carbon or climate change mitigation. However, ttedthis technology is still at initial stage, shsadale
and lacks of good practice in Laos. So developnwdnthis technology requires the research and
systematic assessment of GHG emissions in its difele including its performance. In addition,
development of this technology requires the avdéitglof adequate crops residues, proper desigthef
plant and good maintenance.

13
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Chapter 1. Introduction

1. 1 About the TNA project

The current global Technology Needs AssessmentA]TMoject is implemented under the Poznan
Strategic Program on Technology Transfer and ipatimg 36 countries, and one of them is Lao PDR.
The project is funded by the Global Environmentiligc(GEF), implemented by the United Nations
Environment Programme (UNEP) and the UNEP Risodr€€b)RC). In Asia, technical support is also
provided by the Asian Institute of Technology (AlThe objective of the project is to help countries
carry out improved Technology Needs Assessmentsmiiie framework of the UNFCCC. The project is
being implemented in two rounds, with 15 counteegyaged in the first round and the remaining 21
countries in the second round. Many country adisihave started in February 2010, and the prajiict
run until Mar 2013. Lao PDR, as a second round trgustarted the project in June 2011 and scheduled
to complete in February 2013. The Ministry of NatuResources and the Environment (MoNRE) is
responsible for the execution of the project ind¢bantry. However, there are a number of ministaied
organizations involved and Chapter 2 will dwell tre in-country institutional structure created to

implement the project.

The purpose of the TNA project is to assist pgstiot developing country Parties to identify andyrea
priority technology needs, which can form the bdasisa portfolio of environmentally sound technofog
(EST) projects and programmes to facilitate thedfer of, and access to, the ESTs and know-hoivan t
implementation of Article 4.5 of the UNFCCC Convient Hence TNAs are central to the work of
Parties to the Convention on technology transfermesent an opportunity to track an evolving nieed
new equipment, techniques, practical knowledge skills, which are necessary to mitigate GHG
emissions and/or reduce the vulnerability of sectond livelihoods to the adverse impacts of climate

change. The main objectives of the project are:
To identify and prioritize through country-drivearticipatory processes, technologies that can ibané
to mitigation and adaptation goals of the partiotpeountries, while meeting their national susthiea

development goals and priorities (TNA).

To identify barriers hindering the acquisition, tgnent, and diffusion of prioritized technologies.

14
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To develop Technology Action Plans (TAP) specifyangivities and enabling frameworks to overcome
the barriers and facilitate the transfer, adoptanmd diffusion of selected technologies in the ipg@nt

countries.

1.2 Existing national policies about climate changmitigation and development priorities

Key existing national policies on climate changéigmation is the Strategy on Climate Change of the L
PDR(WREA,2010). In addition, there are severalvathe strategies that also include climate change
mitigation measures such as Environment Strategy2@80 and Action Plan 2011-2015(STEA,
2004),Renewable Energy Development Strategy ofLte PDR(MEM,2011), Forestry Strategy to the
year 2020 of the Lao PDR(MAF, 2005), agriculture(MA010), the National Strategy and Action Plan
on Environment Sustainable Transport(MPWT,2010) &trdtegy on Industrial Process and Commerce
of the Lao PDR 2011-2020(MCI,2010).These strategietially serves development priorities that
defined in the national socioeconomic developmeategyy to 2020(Lao PDR, 2006) and Socioeconomic
Development Plan 2011-2015(MPI, 2011)and also ¢énchange mitigation in its sectors.

The Strategy on Climate Change of the Lao PDR (Si&Ghe key strategy which focuses on climate
change issues including climate change mitigafidns strategy was developed by Ministry of Natural
Resources and Environment (MONRE) with collaboratwith relevant ministries, organizations and
endorsed by the Prime Minister’s Office in 2010eTdverall objective of this strategy is to leverdige
country’s sustainable development and implememtaifache UNFCCC. In which its specific objective is
to provide guidance to enable Lao PDR to elimimatgative climate change impacts and mitigate cémat
changes in a way that promotes sustainable econdmielopment, reduces poverty, protects public
health and safety, and enhances the quality otthmtry’s natural environment and livelihoods df al
Lao people. In this regard, the SCC analyzed cbnthiange status, impacts and trends in the country;
defines national development directions such asdason or green growth economy and climatic
resilient development and identifies specific meesuor both mitigation and adaptation in seven key
sectors, namely (1) agriculture and food secu(Rty;forestry and land use change; (3) water ressrc
(4) energy and transport; (5) industry; (6) urbawedopment; and (7) public health. In additionalgo
elaborates six measures for achieving the SCOietsas following:

o Climate change mainstreaming climate change mitigation into the 7th National iBec
Economic Development Plan (NSEDP) 2011-2015(Lao PRR10)and sectoral strategies,

programmes and projects;

15
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¢ Enhance international partnershipsand seek support from international partners faacay
building and development and transfer of technolmgsupport the implementation of mitigation
and adaptation measures and actions;
¢ Enhance capacity buildingof the government agencies, technical institutidims,private sector
and local communities to enable them to particizateé carry out effectively the appropriately
climate change adaptation and mitigation;
¢ Enhance synergybetween development and implementation of mitigaiad adaptation and
low-cost, energy efficiency, cleaner productionyimmmental and socioeconomic development
to maximize benefits;
e Develop innovative and appropriate financial instrunents to ensure financial sufficiency and
efficiency for the implementation of adaptatioranitigation action plans;
e Increase awareness, education and community partigation for understanding of climate
change impacts and the need for mindset transfamabward mitigation and adaptation,

leading to mobilize communities contributing tonadite change mitigation and adaptation.

The National Environment Strategy until 2020 andiéwc Plan 2006-2010 (NES-AP) (STEA, 2004) was
formulated in 2004.This strategy instead of prowidspecific measures for the climate change
mitigation, it focused on broader environmentaléssthat also benefits climate change mitigation, f
example addressing (1) sustainable managementtdizdtion of natural resources; (2) promotion and
enforcement of environmental and social impactssseents; (3) institutional and capacity building); (
private sector involvement in environmental pratatt restoration, and sustainable use of natural
resources; (5) promotion of investment in and distafment of financial mechanisms for environmental
protection and management; (6) strengthening dbnedjand international cooperation. If&¥ea, which
aims at promoting the use of clean technology dedn¢ organic or chemical-free products, along with
goods and services that conform to high environadentality standards, is more proactive on the alam

change mitigation.

The Renewable Energy Development Strategy of the B®OR(MEM, 2011) endorsed in 2011,

recognizes the long-term demand for renewable gnemgch as micro hydro, solar, wind, biomass,
biogas, biofuel, energy from solid waste, and gewttal which are all important for climate change
mitigations and can contribute to energy indepeodeand security, promotion of environmental
sustainability, economic development, poverty réidnc reduction of rural-urban gaps in access and
gender inequalities of the country. The strategy clear targets and strategies that help to aehibg

targets that by 2025 such as increase renewablgyen®30 percent of total energy or 1,190 ktoe, up
16
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from 17 percent (473 ktoe) in 2020 and 5 percen0 (&oe) in 2015. 100 percent of the population wil
have access to electricity, 10 percent of impofted] oil would be replaced by biofuel, and 10 petoaf
biofuel would be consumed in rural area by ensutirguse throughout the country of B10 (10 percent
biofuel, 90 percent diesel) and E10 (10 percenaraih 90 percent gasoline). A total of 240 MW of
micro-hydro power also expected to be installed, 23000 households nationwide would have access to
biogas energy. In meeting these targets; it needsnprove institutional arrangement and capacity,
supportive measures for promoting development rab&nenergy, such as tax exemptions and reduction,
investment incentives, Clean Development Mechanisreearch in renewable energy and awareness
raising; technology transfer and establishmentmeihgwable energy fund (MEM, 2011).

The Forestry Strategy to the year 2020 of the L&IRRRMAF, 2005), endorsed in 2005, aims at
promoting sustainable forest resource managemehtuse, which is also a means for climate change
mitigation. The envisaged to comprise extensive aai@ntifically well-managed forests and forest
resources, managed with the wide public partiaqmatand international cooperation. By 2020, it is
expected that forest cover will be 70 percent tdlttand by 2020; supply of forest products for @éstic
consumption and export is sustained, importantib@rsity, habitats and ecosystem including soil,
river basin and climate is preserved; leading tprowed livelihoods, revenue and foreign exchange
earnings, thereby increasing direct and indiregbleyment as well as supporting sustainable grovith o
the agriculture, industrial, ecotourism and hydreposectors and these goals can be realized thungh

programmes of action below:

1) Complete land and forest use planning and allogatio

2) Enhance sustainable production forest management;

3) Ensure sustainable harvesting of Non-timber fquestucts;

4) Promote tree plantation development in appropeega with suitable species;

5) Enhance effective harvest/logging quota system;

6) Enhance effectiveness of wood processing induséyagement and wood use efficiency;
7) Ensure biodiversity and ecosystem conservation;

8) Ensure protection forest and watershed management;

9) Promote sustainable village land use and forestgement.

The National Strategy and Action Plan on Environtm8uostainable Transport (MPWT,2010) was

approved in 2010.Apart from recognizing the grovah the transport sector and importance on

environment, safety, health problems, it also idetll contents about climate change mitigation.
17



Part |- Technology Needs Assessment Report

Lao PDR

Particularly, Goals 3 of MEPT is to promote trawéthout the use of engine vehicles (walking, cygin

to increase its share of total transport to 2eqmrby 2015 and 30 percent by 2020; Goal 4 isampte
public transport in urban areas (bus, taxi, tuktoéxching 15 percent of the total transport by=28nd

30 percent by 2020; Goal 7. Promote BRT in theitahpVientiane, and Goal 10 is to promote the
application of the UERO lll standards on vehicleisgions by 2015 and 2020.In line with these goals,
specific actions have also been defined, such JaPdimissible air quality standards; (2) Researah a
development on alternative transport that optimiaed maximizes socioeconomic and environmental
benefits, for example public transport, alternatifteels, noise control equipment/materials and
environmentally-friendly vehicles; (3) Developmeand improvement of appropriate regulations,
standards and guidelines for sustainable trangfemtlopments; (4) Development and improvement of
institutions and technical capacities for standa&stablishment and enforcement through inspecti@s;
Awareness on sustainable transport; (6) developwofemtsustainable transport development fund ahd (7
Technical and financial cooperation and supportnfrdevelopment partners and other international

organizations for sustainable transport developrid®WT,2010).

The National Socioeconomic Development StrategpQ80(Lao PDR, 2010) and Seventh Five-Year
Socio-Economic Development Plan, 2011-2015(MPI,120defined the development, political priority
and direction. Overall, Laos expected to gradufiiem Least Developed Country status by 2020 and by
2015 it aims to achieve: (1) stable and continugumvth of economy; (2) achieve MDGs and also
acquire modern technologies, infrastructure, eistiaddl a diverse economic foundation for graduadion
LDC status; (3) sustainable development by intiamgasocio-cultural development and environment
protection into economic development;(4)politicalhdlity, fairness, order in the society, maintpinblic
security and open for regional and internationtddration. In which the specific targeted include:

o GDP growth at 8 percent per year until 2015. Ofaclithe growth rate per annum of agriculture
and forestry, industrial and service sector sha&B.bpercent, 15 percent and 6.5 percent
respectively. The economic structure would be shéme 23 percent of agriculture and forestry
sector,39 percent of industrial sector and 38perokservice sector.. At the meantime, the GDP
per capita is estimated to be about US$ 1,700 tk$;20

o Average export value increases by 18 percent vifiort increase by 5percent per annum;;

e The growth is in environmentally sustainable masnedheres to set standards, and where
possible, job-creating. In addition, the benefistdbution is in equitable manner among the

people.
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Chapter2. Institutional arrangement for the TNA and the

stakeholders’ involvement

The TNA project implementation involves with fiveain groups: a steering committee, a project

management team, a technical working group, pataed other stakeholders. These groups were
engaged in the beginning of the project based enrélguirements of the MONRE, consultation and

decision of the relevant ministries and organizegiolrhe overall goal of involvement of the stakeleol

is to ensure project’s effectiveness, efficienalevance, alignment and timely implementation. The

groups’ arrangement structure is as shown in Figuttee roles and responsibilities of each group are

described in the section 2.1 while section 2.2 jlesvinformation on the engagement processes.
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NGO
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Figure 1 Organization arrangement structure for TNA project implementation.
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TNA Technology Needs Assessme

UNDP United Nations Development Prograrr
UNEF United Nations Environment Program
URC UNEP Risoe Cent

2.1 National TNA team

As mentioned earlier, the TNA project team inclugedject steering committee, project management

team, technical working group and other stakehslder

The steering committeeis a group of senior and decision making staffs bens, who were officially
nominated. It is chaired by the Vice Minister of MRE and most of committee members are from
public organizations particularly MONRE, relevannistries those were former members of a committee
that supported the development of the strategyliomate change and SNC of Laos. The key roles and
responsibilities of this committee are to overgeeiimplementation of the project, provide policyiad,

and approve the TNA reports including the prioeitisectors and technologies.

Theproject management teamin general, is Department of National Disasteni&tgement and Climate
Change (NDMCC), MoNRE and the overall role and oesjbility of this team is to coordinate,
implement the TNA project and report to the steedommittee and UNEP Risoe Centre. The members
of the team include the project director, coordinasupport staff and consultants whowere assigmed
recruited by the MONRE. The project director is tieector of the NDMCC whose main role is to
supervise the team. The coordinator is a senidf sfathe NDMCC and UNFCCC focal point,
responsible for both technical and administratiesks on daily basis on the facilitation and
implementation of the project, including workingtlviconsultants and coordination with UNEP Risoe
Center, the Asian Institute of Technology (AIT) afdchnical Working Group and Stakeholders. The
support staff are administrative staff of the NDM@@d are responsible for administrative and financi
including arrangements of workshops. While the otingt, who was recruited based on selection
procedures of MONRE, including consultation procegth key member of the steering committee and
partners, is responsible for providing the TNA teanwith the process-related and
methodological/technical advisory services andlifation, including research, analysis and synthesi

needed for the project.
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Members of thaechnical working group are mainly from same sectors with the steering cittaen
members. The roles and responsibilities of the game to provide technical support particularlyieimg
alignment between the prioritized sectors and teldgies and their sectoral strategies and or plans,
assistance in collecting and providing data relevantheir sectors including technical review and
feedback on the TNA reports.

Other stakeholders consist of wide range of orgdiums, international organizations, private,
educational and research institutes and NGOs. groigp are involved in the project on requiremerfts o
MONRE/TNA project and their voluntary. This groupéngaged to share the experiences, data, advices
and feedbacks including on decision on the sectdtechnology prioritization.

Annex 1 provides the list of project teams andrthelonged ministries and organization.

2.2 Stakeholder Engagement Process followed in TNAOverall assessment

Stakeholder engagement is a key element of the pidfect’'s success. However, it may not possible to
engage all the stakeholders due to time and resswanstraints.. So, to the extent possible anddsou

effective and efficient; and through assessmens; TINA project involved the stakeholders in most
important steps or activities through the projegtie such as project inception, sector selectioth an

technology prioritization workshop; review and daliion of the report.

The stakeholder assessment is for identifying aoceeming key public, private, international
organizations, projects and individual who are wvafe and influenced on the project as well as GHG
emissions and removal to engage in the projectdmphtation. The assessment was carried out based
onl) the project’'s goals and planned activitiesply, responsibility and influence of organizatidhat

are relevant to the GHG emissions and removalh@&)organizations that were member of the steering
committee for development of the strategy on clengttange of the Lao PDR-SCC (WREA,2010)and
4)the organizations that are involved in the immamation of activities associate with GHG emissions
and removal particularly GEF/UNDP funded SNC prpje€limate Protection through Avoided
Deforestation (CliPAD) project, REDD plus pilotetbjects, Nationally Appropriate Mitigation Actions
(NAMA) in the Transport Sector, Renewable Energyst8inable Forest Management and organic
farming. In addition, it also based on the politiceocioeconomic significance and influence of the
different organizations. Through this process, stakeholders are engaged in the project implementat

Those stakeholders were listed in the Annex 1.
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The stakeholder engagement arrangement or planoiher important element in order to engage the
stakeholder effectively and efficiently for instenahat kind of activities, where, when and how they
should be engaged. In this project, however, inkstdacreating a specific stakeholder engagemenmt pla
separately, it focussed on the arrangement of Istdéters to participate in the implementation of the
project planned activities as in the logical fraroew So the stakeholders were engaged througheut th
project cycle. For example, during inception phasdes stakeholders were involved in the project
inception workshop in February 2011,providinginfation in relation to their sectors, comments and
suggestion on the project activity planning, cooation mechanism for project implementation and
reporting of TNA project; in the project activitynplementation phase, the stakeholders were merobers
the technical working groups coordinating with pdj management team (Department of National
Disaster Management and Climate Change), partiogpain sector and technology prioritization
workshops in February and May 2012 respectively; they also provided feedback and validation of the
TNA report during the reporting phase. Picturefoweare taken at sector selection and technology

prioritization workshops.

Picture 1: Inception and sector selection workshom February 2012
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Picture 2: Technology prioritization workshop in May 2012
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Chapter3. Sector selection

The sector selection for climate change mitigatiaas conducted through a participatory process, as
recommended in the TNA guidebook (UNDP and UNFCQQ10), which includes initial sector
identification, review of emissions status and drefithe identified sectors, and sector prioriiimat The
initial sector identification, review of the emiges and trend was conducted by a national consultan
through consultation and support from departmemaifonal Disaster Management and Climate Change
and working group. The sector selection involvedievistakeholders and was carried out through a

consultation workshop.

The key sectors and sub-sectors were initiallyngefibased on the sector and subsector definedrand o
recommended in the Strategy on Climate Change-S®IONRE, 2010), the Initial National
Communication-INC (STEA, 2000), Second National @mmication-SNC (MONRE, 2012) as well as
the2006 IPCC Guideline for the National Greenho@ss Inventory (IPCC, 2007). Those defined and
recommended sectors are energy, industry, agrieylforestry and waste while the subsectors are as

shown in Annex 3.

The review of the emissions status and trend ifemiht sectors was carried out, based on the sestilt
greenhouse gas inventory and mitigation in the 8@ SNC. The results of the review were described i
Section 3.1.The sector selection was conductedigiirthe sector selection workshop which used @iter
sensitivity analysis and consultation for the judget of priority sectors. The details of the sector

selection workshop and results were explained oti@e3.2.

3.1 An overview of greenhouse gas emissions statusl trends of the different sectors

Lao PDR completed its Initial National Communication Climate Change (INC) in 2000 and Second
National Communication on Climate Change (SNC) @2 The INC and SNC captured greenhouse
emissions particularly in 1990 and 2000respectivéty addition, the long term emissions trends in
different sectors were also projected in the SNGweler, the emissions trends are very much depénden
on the socioeconomic development priority and tsersb the review of the greenhouse gas emissions
status and trend in this section covers a summioyerall emissions status and trends reportedhén t
INC and SNC, including provision of socioeconomitdasectoral development trends and priorities

coincidental with greenhouse gas emissions.
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Base on the INC, Lao PDR was a net sink countrthan year 1990.In that year, the country's total
emissions was 24.18GgG@®Owhile its GHG removal was121.64Gge&0Qleading to net sink of about
97.47 GgCQe.Among four sectors; energy, agriculture, landalsnge and forestry (LUCF) and waste;
LUCF was the largest source of emission which actamlifor 72percent of total emissions meanwhile it
was only the single source of carbon sink with sstration capacity of about 121.64Gg€Cas
mentioned. Agriculture and energy sector were #moid and third largest source of emissions which
shared 24 percent and 4percentof the total emssespectively while waste sector emitted the least
(WREA,2000).

The SNC covered the GHG emission by sources andvann five sectors: energy, industrial process,
agriculture, land use change and forestry (LUCH) amaste in the year 2000. It revealed that the
emissions were far greater than removal in the ydare total emissions reached 54,903.22 GgCO
while the removal was only 2,046.73 Gg&As a result, Laos became a country with about 2.8
GgCOe of net emissions in the year 2000. Compareddo/étar 1990, the emissions are on the rise for
all sectors and there was a big change in emis&ob8ICF. Figure 2 below showed that emissions and

sink status and changing trend between 1990 an@. 200

60 1 42.76

40 -

20 A 7.68 0.24
0.931.04 0004 59 013 w2000
0

Enery  Industrial Agriculture CF Waste
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-120 - -104.33

Figure 2: GHG emissions and removal by sector in P® and 2000 (GgCGe).
Source: Modified from INC (STEA, 2000) and SNC (MONRE, 2012)

In the future, as projected in the SNC (MoNRE, 201f2e emissions of most sectors were anticipaied t
grow along with the country's economic growth arevedlopment priority. Described below are the
overall development trends and priorities, and g@neimdustry, agriculture, forestry and solid waste

management development plan and their projectedsimnis.
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Overall development trends and priorities:

As mentioned earlier, Laos expected a GDP growth ahiabout 8percent per year until 2015. Expected
annual growth of agriculture and forestry, ind@dt&nd service sector are 3.5percent, 15percentand
6.5percentrespectively. In addition, Laos also lwn track to fulfill the MDGs, including lift its mple
above the poverty line by 2015,graduatingfrom lestelopment country (LDC) status by 2020 and in
the meantime ensuring environment sustainabiliplitipal stability, fairness, order in the socieind
public security (MPI, 2011).

To realize these goals, the overall directionsfédure development, as defined in the socioeconomic
development plan 2011 to 2015,focused on livelihmogrovement, promotion of industrialization and
modernization, including implementing mega projexftectively to create a strong industrial foundafi
enhancing linkage between agricultural and forestpyoduction and manufacturing and
commercialization, including utilizing newer techogies for improving their productivities and
effectiveness. Utilize energy potential and creates as a battery of ASEA?anrove transportation as

a landlocked country to link with countries in thegions, improve communication and services
infrastructure at the central and down to villagwel. In the meantime, protect and sustain the

environment and plan for mitigating climate chaagd social developments.

Energy sector:
The energy sector is an important sector for dgraknt and is expected to experience fast growsh. A
defined in the energy strategy to 2020 (MEM, 20113, sector has the following development targets:
o 6,954.9 MW of electricity will be built. 1,800 MWillbe lignite power plant and the rest will be
from hydropower. 5,716 MW of installed capacitypknned for electricity export, of which
1,700 MW exported by lignite power plant;
o 70%of population have access to electricity in®aad 90%in 2020;

e Promote use of renewable energy such as solarppgaer, wind, biogas and bioméass

Likewise, the energy demand is forecasted to iser&a6 percent per year or from 1.8 Mtoe to 3.9eMto
from 2005 to 2025. In regard to different sectersergy consumption is expected to increase from 6.1
percent in 2005 to 16.9 percent in 2025 in the stiilad sector; 6.8 percent in 2005 to 34 percer(Ra5

in the transport sector. By product, the biomassxgected to be main fuel form, followed by fudl oi

®ASEAN stands for Association of Southeast Asiaridves.
"Promote use of waste wood and fast growing tremtgiian for biomass electricity.
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However, the fuel oil demand is increasing muchefag-igured 3 is the projected demand of biomass,
fuel oil, electricity, and coal which will increag®mm 1,322 ktoe, 36ktoe, 87 ktoe, and 30 ktoed83to
1,473 ktoe, 729 ktoe, 225 ktoe, 115 ktoein 2015tand 1,624 ktoe, 1,523 ktoe, 516 ktoeand 308 ktoei

2025 respectively (MEM, 2011).

Furthermore, for fuel oil, Lao State of Fuel preeitthat the demand by type will also increasenasva
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Figure 3 Energy consumption in 2005 and projectedntil 2025 (ktoe)

Source: MEM, 2011

in the table below.

Table 1 Estimate fuel oil demand from 2010 to 202@ ktoe

Fuel type/Year 2010 2015 2020

Gasoline P 0.8p 4.06 9.75
Gasoline R 145.22 245.34 406.85
Jet kerosene 10.29 12.84 14.17
Kerosene 459.88 738.81 1,175.53
Residential fuel oil 5.8p 8.96 15.86
Lubricant 2.96 11.70 23.70

Source: Lao State of Fuel, 2011
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With the increase of energy consumption; emissisitiscoincidentally increase, particularly from fue

oil and coal consumption. Meanwhile electricity didmass, especially energy from renewable sources,

are expected to contribute to emissions reducttimer than increasing emissions as several polirids

projects have been planned for carbon offset méstmaand technologies. However, as projected by the

measures for mitigation of climate change for SM€,emissions from fuel oil consumption will incsea
from1,000 GgCG@e in 2010 to more than 1,800 GgQn 2015 and nearly 3,000 GggCn 2020 if the

fuel consumptioﬁincreased as expected in Table 1.
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1,822.86

,111.54

2,948.46

2010 2015

Year

2020

Figure 4 Projected GHG emission from fuel oil from2010 to 2020.

Source: Measure for Climate Change Mitigation. MONRE, 2012

Emissions from coal combustion will also increasmrf 186.34 GgCein 2010 to 342.97 GgGe in

2015; 594.8 GgCg@ in 2020 and then to 989.77 Gg€ldn 2025 if 65ktoe of coal is consumed in

2010,115 ktoe in 2015;192 ktoe in 2020 and 308 kt@®25 as estimate by MEM (2011) in Figure 5.

8The calculation also assumed that actual fuelasisamption was 90 percent as fuel oil stock regpnadefined that 10 percent

of fuel oil is required to be stocked.
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Figure 5 Projected GHG Emissions from Coal Consumpon from 2010 to 2020 (GgC@e).

Source: Measure for Climate Change Mitigation. MONRE, 2012

Industry sector:

Cement production was the main source of emisdioribe industrial sector. It is anticipated thag¢ th
production will continue to increase. Base on ttenario where GDP is the driver, the country's acgme
production is projected to increase 15 percent alhynon average. By 2010, the cement productioh wil
be831,200 tons and it will increase to 4,422,058 toy 2020,7,969,610 tons by 2030,12,871,771.7¢ ton
by 2040 and then t019,852,990 tons by 2050.Basenlioim cement production projection, the emissions
will increase about 7.48 per year on average aockase from 648.07 GgGén 2010 to 3,972.85 in
2030 and then 9,896.72 Gggfn 2050 (Figure 6).

Forecast CO2 Emissions
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Figure 6Emissions from cement production 2000 to 2@ and the forecast to 2050

Source: Measure for Climate Change Mitigation. MONRE, 2012
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Agriculture sector:

As defined in the National Socioeconomic Developtelan (SEDP) 2011-2015, the development of
agriculture sector focused on three main areas:aiw crops production, livestock and irrigatioiceR
production was targeted to reach 4 million tones rice paddy area of 1.04 million hectares. Thewino

of domestic animal breeds is targeted at 4-5pergemt year, specifically 2-3percentforcows and
buffaloes, 4percentforpigs and 6percentforpoulfipe irrigation for agricultural development using
machines and electricity is planned to cover 60erégnt of the cultivating area in flat lands or &@gnt

of rice and livestock lands and industrial plamtatareas (MPI, 2011).

Based on this growth trends or priority projectedSNC, the production from rice cultivation and
livestock will increase as in Figures7 and 8. la theantime, the emissions which were projectedgusin
econometric model and population and GDP as driwétsncrease from less than 150 million tons in
2001 to more than 300 million tons in 2030(Figuje I9kewise coincidence with increase livestock’s
numbers, emissions from livestock are projecteshdoe than double from more than 120 million tons in
2001 to more than 250 million tons in 2030 (Figl©g.
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Figure 7Area of rice paddy from 2001 to 2010 and #aforecast to 2030

Source: Measure for Climate Change Mitigation. MONRE, 2012

30



Part I- Technology Needs Assessment Report

Lao PDR

(th.hds)

Number of livestock

55,000
50,000 —
45,000
/ Poultries
40,000 ——
35,000 = —— Swines
30,000
/ Cattles
25,000 ——
20,000 /— Buffalos
15,000 +_~ .
10,000 oats
5,000
L —— e —
O N < W 0 O N < U 0 O N < O 0o O
O O O O O ™ o +H +H «+ &N &N N N N ™M
O O O O O O O O O O O o o o o o
AN AN AN AN AN AN AN AN AN AN AN AN NN NN
Year

Figure 8Number of livestock from 2001 to 2010 anche forecasted to 2030

Source: Measure for Climate Change Mitigation. MONRE, 2012
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Figure 9Methane emissions from rice cultivation fran 2001 to 2010 and the forecast to 2030

Source: Measure for Climate Change Mitigation. MONRE, 2012
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Figure 10Methane emissions from livestock from 200tb 2010 and the forecast to 2030

Source: Measure for Climate Change Mitigation. MONRE, 2012

Forestry sector:

The key development target of the forest secttw increase forested area to 70 pertefthe total land
area from presently 40.3 percEnby naturally regenerating up to 6 million ha gdnting trees up to
500,000 ha in unstocked forest area. In additibe,forest sector will also promote ecosystem sesvic
through using carbon credits (REE)lDCDMlz), sustainable forest and NTFPs harvesting, ecistougtc
as incentives for forest conservation. The sedsw plans to restore degraded forest and foresl &md

enhance law enforcement particularly on forest eosion and unsustainable logging.

If these measures are taken effectively, the cgutccessfully increases its natural forest coverdg 0
percent(about 16.58 million ha)with additional 3 ha of plantation, logging and conversion o&$br
are under control until 2020; with this scenari@ok’s forest would be able to sequestrate about
69,183.34 Gg of C&iTable 2).

® MAF,2005: Forest Strategy to the year 2020 ofithe PDR.
10 MAF,2012: the forest cover inventory of the basary2010.
"Reducing Emissions from Deforestation and Foresfrixation

12 Clean Development Mechanism
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Table 2 GHGs removal potential in Lao by 2020

Greenhouse gas source and sink categor CO, removals

(GgCO2e)
Total Removal from lar-use change and forest - 69,183.3.
A. Changes in forest and other woc - 10,500.0:
biomass stocks
B. Forest and grassland conver:
C. Abandonment of managed la - 58,683.2

D. CC, emissions and removals from -
E. Other (please speci -
Source: Measure for Climate Change Mitigation. MONRE, 2012

Solid Waste Management:

Solid waste generation seems slowly changing insLd@n years back, waste generation was at 0.75
kg/capita/day (UNEP, 2001). In 2011, the surveyth@d four main towns, namely Vientiane capital,
Louangpravang, Sayabuly and Vientiane ProvincethbylLao Pilot Project for Narrowing Development
Gap towards ASEAN Integration (LPPE) found that theerage waste generation was at 0.66
kg/capita/day. However, the SNC projected that /gsineration rate per capita will increase fron60.6
kg/capita/day in 2010 to 1.30 kg/capita/day anchtBe?2 kg/capita/day, leading to total solid waste
generation of about 2.63 million tons by year 26205.27 million tons by 2030 (Table 3).

Table 3 Estimate solid waste generation 2011 to 203

Year Population Waste Waste Waste Waste Total waste
(1000 production rate | production rate | production | production | production
persons) in urban rural in urban in rural (1000t/yr)
(kg/capita/day) | (kg/capita/day) (t/day) (t/day)
2011 6,26 0.6¢€ 0.4C 1,157.3! 1,785.6: 1,07419
201t 6,88 0.9 0.5¢ 2,101.8! 2,560.4 1,70177
202 7,37¢ 1.3C 0.7¢ 3,639.01 3,562.4! 2,6285E
202t 7,791 1.7¢ 1.0¢ 5,820.4! 4,629.3. 3,81418
203( 8,22¢ 2.22 1.3 8,758.5! 5,693.0i 5,2748¢€

Source: Measure for Climate Change Mitigation. MONRE, 2012

Taking the scenario or assumption that 50 percéntaste disposal was land filled in 2010 and 20

percent of this waste is treated under managedrayshe proportion of the waste disposed at lanatfidi
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controlled by managed system increase 20 percaay dive years until 2030; ,CHemissions will
be3.34Gg in 2010 and will increase to 14.53Gg ib®2énd then 45.45 Gg in 2030 (Table 4).

Table 4 Projected CH4 emissions from solid waste gfdosal to the year 2030

Year | Total waste | Estimate Total Managed | Unmanaged CH,4 CH,4 Total CH,
production waste waste landfill landfill (th.t) | Emissions | Emissions emissions
(th.lyr) disposed | disposed (th.t) from from (Gg)
at at the managed | unmanaged
landfill(pe landfill landfill landfill (Gg)
rcent) (th.t) (Gg)
2010 1,074.19 0.5 537.09 107.42 429|67 1.39 1.95 34 3.
2015 1,701.77 0.6 1,021.06 306.32 714,74 3.96 8.24 7.20
2020 2,628.55 0.7 1,839.99 735.99 1,103.99 9.52 150 1453
2025 3,814.18 0.8 3,051.34 1,525.67 1,528.67 19.73 6.92 26.65
2030 5,274.86 0.9 4,747.38 2,848.43 1,898.95 36.84 8.62 45.45

Source: Measure for Climate Change Mitigation. MONRE, 2012

3.2 Process, criteria and results of sector selegt

As mentioned in the beginning of the Chapter 3; dbetor selection process included initial sector
selection, review of the status and trend of emissindifferent sectors and then sector prioritizatThe
initial sector selection, review of the status #methd of emissions were as described in the Ch&paed
section 3.1 before; hence here the content focoselde sector prioritization.

The sector selection was conducted in the sectectgm workshop and application of multi-criteria,
scoring and expert judgement as a key tool for sujyg the selection. The sector selection workshop
was held on 1February 2012, which was participated by key staldsrs representing 18 organizations
from public, private and international organizatofAnnex 3).Before the workshop, the stakeholders
were informed about the emissions status and trehdiferent sectors as described in the sectidard
presentation of sectors defined in the IPCC AR4QP2007). During the workshop, the stakeholders
discussed the steps and methodologies for sedtmitigation particularly application of multi-cetia,
scoring and agreement on the results.The multtaitapplied in the prioritization of the sectoirs,
general, originated from the criteria recommendethe TNA guidebook (UNDP and UNFCCC, 2010).
However, they were elaborated, edited and reacbedensus amongst the stakeholders during sector
selection workshop prior to the application. Thesieria were divided into four main categories:

contribution to GDP, GHGs reduction and sequestnatetnvironmental and social improvement. Below
is the detailed criteria and their descriptions.
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Table 5: The criteria for technology prioritization
Category | Criteria Description
Potential for GHGs reduction and or enhancemettief
sequestration indifferent sectors. This potentialld be assessable,
GHGs GHGs reduction and comparable or indicated by observing emission®hjisind trend
reduction sequestration enhancement | as well as development trends or targets of difffesectors. In
potential addition, another observation or assumption ishtgkest
emissions are the greater potential for emissiedaations it could
be.
Cost/ Cost and or Cost or investment in the implementation, operatind
Investment| Investment maintenance of the technology.
Q o, Yield/ Support for economic growth particularly increasd atabilization
g 50—1)' Income of revenue and or GDP including create income
§ é SMEs/ Enhance growth and diversification of SMEs/MSME#ipalarly
w MSMEs environmentally and social responsibility entergsis
= . Improving air quality, reducing air pollutants sueh SOx, NOX,
Q Reduce air P garq Y garp .
& . suspended particulate matter, non-methane volatjanic
o pollution .
= compounds, dust, fly ash and odour and other toxics
= Reduce _ . . Y
Q ) Reduction of environmental negative impacts andrdmution to
= environmental _ ) )
5 . environment protection such as protection of lavater, forest,
Developm = negative e . - .
S . wildlife including biodiversity and ecosystem.
ent S5 impacts
.;2 Creation of new jobs, employment and opportunitiefuding
5} Employment . o .
S working conditions such as learning and safety.
- Addressing gender gaps and contribution to gengiealey
'§ Gender equality| particularly opportunities for income generatiargpacity building
0 and employment for women
Addressing gaps between urban and rural and catitibto rural
Socioeconomic| development and poverty reduction through decenétabn,
equality capacity building, local ownership, participatiér@nsparency and
good governance.

In the prioritization, the technologies were scoagdinst the criteria. The scoring is an assessofdhe
sector performances and score ranks from 1 to Syhi¢h 1 is the least preferred while 5is the most
preferred. As result of the scoring and assessimehiding consultation, the agriculture and forgstr

were the top two priorities under the TNA projetalfle 6).
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Table 6 Result of the sector selections

Sectors/ Criteria Contribution Potential for =~ Benefiting Contribute Employment Initiative  Total Score  Priority
to GDP GHGs Environment  Poverty (existing=5;

Reduction/ /Ecosystem Reduction none

Sequestration

existing =1)

Forestn

25

Transpor

21

Industry

20

Residential/buildings

20

Agriculture

26

Wast¢

12

Energy production and sup|

23

W(o|Rlo|o|™IN

The agriculture and forestry sector were choseordatg to the scores in the criteria in the tablb6ve.
Likewise, the selection of these two sectors are thitheir crucial roles and alignment with the
socioeconomic development, environment preservasiod emissions reduction. Based on previous
performance; the agriculture and forestry sect@msegated 30 percent of Laos' GDP for the period of
2006 to 2010 and it expected that these sectaase shill remain stable during 2011-2015 (MPI, 2011)
The majority of Lao are living in the rural areadaamployment also falls in these two sectors (UNDP,
2010). In addition, top government’s policies assaxiated with agriculture and forestry such agjgsl

on poverty eradication, food security, protectidneavironment and increase forest coverage to 70
percent of the total land area (MPI, 2011; MAF, 200

On the other hand, forestry and agriculture seat@r® the first and second largest while they hbpee
great potential for reduction of emissions in tbartry (STEA, 2000; MoNRE, 2012). Recently there ar
some emissions mitigation initiatives in place sasHREED plus; selecting these two sectors canosupp
the up scaling and expansion of the good practices.
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Chapter 4. Technology prioritization for the forestry sector

Similar to the sector selection process, the gitation of mitigation technologies for forestryctar
were carried out through the reviewing emissionses and sink, existing mitigation technologiethim
forestry sector in the country and region befolierjiization of the technology. The review of théiG
emissions and existing mitigation technologiegoirestry sector in the country and region was edrri
out by identifying and summarizing of the techrgis that were defined and recommended in
particularly the Initial and Second National Comieation-INC and SNC(STEA, 2000; MoNRE, 2012),
Strategy on Climate Change of the Lao PDR —SCC (REEN2010) and Forest Strategy to the year 2020
of the Lao PDR (MAF, 2005).The results of the raviaere summarized in section 4.1 and 4,2.The
technology prioritization was conducted in the temlbgy prioritization workshop which held in
May2012, which participated by 37 participants fradddepartments of relevant ministries and
organizations (Annex 4).The workshop followed tleehinology prioritization process and criteria as
recommended in the guidebook (UNDP and UNFCCC, pahd the results were described in Section
4.3.

4.1 GHG emissions in the forestry sector

The GHG emissions in forestry or land use chamgkfarestry seems fluctuated. In 1990, this sects
net sink with large GHGs removal. Reversely it wat sources of emissions in 2000.Whereas, based on
the future projection made in Table 2 in previobspter indicated that Laos’'s forest would be able

generate net sink and sequestrate 69,183.34 GO&f kK 2020 if forest is preserved effectively.

According to the initial and second GHGs inventdahg forestry sector or LUCF was the largest saurce
of GHG emissions and removals in Laos. The firstGaHventory conducted for the year 1990 revealed
that land use change and forest (LUCF) release8107,7GgC@e, which was the largest source of
emissions, accounted for 72 percent of the cosntofjal GHG emissions. At same the time, this secto
sequestrated 121,641Gge&Owhich means that this sector was net sink wdthaval of about 97,470
GgCQe in 1990. The key sources of emissions were fa@stersion, loss of biomass stock including
burning onsite, offsite and decay while forest tdiion and restoration of abandoned and poorly
managed forest land were key sources of sink.

Like 1990, the second GHGs inventory conductedtii@r year 2000 found that LUCF remained the
largest emissions and removal with total emissansremoval of 44,805.22 Gg@®and 2,244 GgC®e
respectively or net emissions of 42,758.48Gg&The emissions from forest conversion accounted fo
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82.55 percent and 17.45 percent emitted from Ids$oest land and biomass stock. However, a
comparison between 1990 and 2000 indicates thaemfigsion seemed to increase much faster. The
sequestration capacity dropped while emissionsaszd more than fifty percent over a decade. While
Laos’s forest would be able to sequestrate 69,483$C02e of C@n 2020 if Lao realise its targets of
increasing natural forest coverage to 70 percent5@m000 ha of plantation, control logging and

conversion of forest strictly.

4.2 Existing Mitigation Technologies in the Foresty Sector

There are a number of mitigation measures and@tmtdogies practiced in Laos for addressing forest
destruction and losses as well as reducing GHG sémnis in the forestry sector. Those mitigation
measures and technologies associates with particudantrolling and preventing forest conversion,
forest degradation, improving forest conservatiod avood use efficiency, replacing fuel wood with

renewable energy, as well as enhancing afforestratnd reforestation.

The controlling and preventing forest conversiamsaio control and prevent forest losses due tdslas
and-burn agriculture and development projects (rdach, mining, urban and agriculture expansion etc.
which are the main cause of forest conversion (WREXMO0; MAF, 2005). Mitigation technologies for
addressing slash-and-burn agriculture include otlimg cropping rotation, shifting or replacing the
slash-and-burn agriculture with integrated farmimgnd or agro-forestry practices, improving
livelihood"or providing incentives for forest conservation. iiHhhe key measures or technologies for
addressing forest losses due to development psoiganforcement of laws particularly environmental

impact assessment regulatitrend decrees.

Mitigation measures and technologies on the préwertdf forest degradation are selected based on the
main causes of forest degradation. The measureseahdologies include promoting sustainable forest
harvest/management to reduce emissions from tiddggiing, substituting wood fuel with other fuels
alternative such as biogas, hydropower electrigtyrgy-saving cooking stoves community-based fuel-
wood plantations to reduce emissions from fuel wad promoting livelihood choices as mentioned
above and sustainable livestock as a means foessldg the forest fires, which are mainly caused by

uncontrolled slash-and-burn agriculture and burgiragsland for animal grazing and hunting.

13 Improve livelihood in this context include livestg cash crop, alternative jobs and enterprises.
4 The EIA regulation was promulgated in 2004 and/as upgraded to Environment and Social Impact Assest Decree in
2010.
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The conservation of forest includes establishmauat management of conservation forest or protected

area, protection forest, community forest whileedstation focused on plantation.

Summary below are some technologies associatekeittareas of forest destruction, degradation, fores
conservation and afforestation.

The controlled cropping rotation, under policy dméation of shifting cultivation, is a technolody
control conversion of forest by shortening the tiotaof shifting cultivation or slash-and-burn ptiae
from long term or unrepeated rotation to three-ymdation. This means the slash-and-burn would be
rotated in three plots. This technology has begriedmented for decades but it is critical and reswkre
mixed; the yield was decreasing due to depletiogodfnutrient which cannot be recoverable in thers
period, as a result cultivation moves to some faaesas. While in some areas the shifting cultoratvas
shifted to integrated farming or a form of agroefsiry; the expansion of shifting cultivation wasited.

It is a matter of fact that the control of rotatisrworkable for only certain areas and group ahfer. The
integrated farming and agro-forestry, althougls iikely to be sustainable, lacks evidence anduatyson
successful practices particularly regarding to atenchange mitigation.

The livelihood improvement, similar to incentivesked conservation, is soft tool helping local people
improve living standard while expecting contributiof local on forest conservation as the result. It
includes education and awareness raising in orderttfe local people to reduce dependence and
destruction of forest while contribution to the servation of forest, land allocation and land use
planning, sustainable forest and Non-Timber FoRestlucts (NTFP) management, sustainable farming

and livestock keeping, alternative job, enterpresed some infrastructures.

Prevention forest from degradation employs sevieethnologies such as forest classification and land
allocation, sustainable forest harvest managemeatpaomotion of efficient use of wood. The forest
classification has been carried out for years d&eddassification divided forest into three maipdsy:
protection forest, conservation forest and producforest. Logging is only allowed for the prodocti
forest and required to follow sustainable practiueh as application of selection cutting, qlfosgstem
and logging period. The harvesting of wood for fuel and household stmctions is allowed for

15 Usually government issues logging quota once aame based on a timber survey and marking.
16 Ysually the logging period is not allowed duriraining season or wildlife breeding season whichaligistarts from July to
October.
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degraded forest or community use forest which isameong the three main categories. In addition, for
the efficient use of particularly fuel wood, enegpring cooking stoves are introduced and widegdus
by local residents, including urban dwellers. Ferthore, hydro-electricity and biogas are other key
sources of clean energy replacing fuel wood utiiwa In addition, community-based forest
management, fire prevention and enrich plantingatse applied to prevent forest from degradation.

The sustainable forest management, in this comtedns natural forest that applied sustainable tfores
yield harvest/management which followed or emplogedified forest management or logging systems.
This system plans the timber logging based on fbendiss increment in the forest, selective cutting
including seeds tree conservation system. Sustairialest management, in fact, has been implemented
widely since of the forest law was enacted in 198%s technology, as defined in the forest law 1995
allows timber logging only in the managed productforest and government designated development
areas. Logging must follow the selection cuttingtegn, exclude endanger species or species ondhe re
list and logging is forbidden in the raining seasanwell as wild animal breeding season. In addlitio
logging must follow the environmental protectionvland go through particularly environment impact
assessment.

Community-based forest management, over the lashdde Laos has implemented sustainable
community forest management (SCFM), particulanhcsithe first National Forestry Conference in 1989
and approval of the National Forestry Action PIAHAP) in 1991. However, the SCFM was mainly
implemented and or supported by international dmgdions (development projects) and the local
governmental organizations, especially DistrictAgfriculture and Forest Office (DAFO), Provincial

Agriculture and Forest Office (PAFO). Well-knownagmples include the Lao-Swedish Forestry Program
(LSFP) (1996-2001), which was implemented in thautlso community based natural resource
management of FOMACOP-NAFRI-IUCN (2002-2004), ane tural development in mountainous areas
program of GIZ (2004-2007) in the north part of kadhe SCFM in Laos involved participatory land use
planning and land allocation (LUP/LA), Rapid Ruaglpraisal (RRA) and then community based natural
resource management (CBNRM) and SCFM principlee BICFM is regarded as a good tool for
conservation, promoting sustainable livelihood &l vas strengthening local community in term of
leadership and organization. In addition, it candfié both climate change mitigation and adaptation
although, emissions sequestrations and its rolesniimimizing vulnerability were not quantified.

However, experiences from the previous projectdcatdd there are a number of challenges for
implementation of SCFM, particularly time shortaged financial support. To date, Provincial

Agriculture and Forest Office (PAFO, District of Agulture and Forest Office (DAFO) and villages
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apply SCFM for forest management, however, datthemumber of areas and sizes are not recorded and
it is hard to quantify the emissions reduction frtma practice. With the opportunity on carbon dsdi
ecosystem services and Lao government’'s policyhoeet builds (province is strategic unit, distrist i
planning unit and village as the development fasusmplementing unit) and poverty eradication, éhisr
potential to revitalize and upscale or expand tG&8 in order to maximize benefits to local peophe a

contribute to climate change mitigation.

Forest plantation, has been conducted in Laos fongtime. Teak trees have been planted since 1975
and boomed again during 1990s. This is also sirfilaeucalyptus. Rubber, black wood, and palm etc.
are now booming. However, some species such aserudid eucalyptus had been halted by the
government in 2011. The plantation is mainly fomeoercial and afforestation purposes and the benefit
vary from one to another among different specias systems. From the perspective of climate change
mitigation, plantation is a key source of carbarksind has great potential for Laos. Based on tH& G
inventory for the year 2000, when the plantatioh@&ws was 62,000ha; 514.20 Gg of carbon was stored
in plantations. Plantation has potential to expiandaos as there exist large degraded and or banesas

and the government keeps promoting environmenfetiyndly species plantation for conservation and

commercialization.

Forest management techniques, Reducing EmissiomsDreforestation and Forest Degradation (REDD),
the REDD under the international framework is alyanew concept and recently implemented in Lao
PDR. The Readiness Preparation Proposal (R-PPdasasdoped and submitted in August 2010 and in
the mean times the Lao REDD Task Force was edtaliBased on the R-PP (2010), Laos has a great
potential for carbon sequestration via REDD practldS$ 28 to 33 can be earned or 5,600 to 6,600
ktCO2 can be sequestrated from the REDD mechariappropriate reforestation and afforestration are
implemented effectively (Savathvong, 2010). To dateumber of REDD projects are implementing in
the ground, particularly protected areas such amp¥iai, Nam Et Phouloey, Nam Xam, Nam Kading,
Xepian and Xexap national biodiversity conservatimaas (NBCA). Many international development
organizations were involved, such as WB, ADB, Giifinish, JICA, SNV, RECOFTC, WWF, WCS and
etc. The benefits of REDD are not proved in the ntgu However, various socioeconomic

17 About US$ 10 to 15 million can be earned from ptog illegal and unsustainable logging; US$ 1.28ioni can be earned
from elimination of slash and burn; US$ 15 millisom controlling forest land concession; US$ 0.3iom from restoration of
unstocked forest and US$ 1 million from efficierfagl wood utilization.

18 Taking the example of carbon’s price of US$ 5taxD2.
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environmental including climate change mitigatioenéfits can be expected. The challenge for REDD

include market uncertainty, technical aspect, cditipe and or pressure on the forest land and mressu

4.3 An overview of possible mitigation technologyptions in the forestry sector

There are several mitigation technology optionthnforest sector. This section, however, instdag-0
assessment of the technology options, summarizeadited the technology options defined in relevant
policies, plans and reports particularly the Assesg Report on Technology Needs and Priorities for
Mitigating Greenhouse Gas Emission (STEA, 2004gBbftrategy to the year 2020 of the Lao PDR
(MAF, 2005),Strategy on Climate Change of the LabRP(WREA,2010) and Second National
Communication on Climate Change (MoNRE, 2012) whidbveloped through comprehensive
participatory process. The summary of the techmolmption was initially conducted by consultant and
project implementation team. In addition, they weilso reviewed, edited and re-affirmed by the
stakeholders patrticularly at the workshop on tetdgyo prioritization in May 2012. Those mitigation
technology options are summarised and presentiedtias table 7 below.

Table 7 The mitigation technology options in foresy sector

No | Category/Suk-sectol Key mitigation technology option:
1 | Eeliminating “slas-anc- 1. Livelihooc-based forest conservati
burn” agriculture 2. Rotation cropping
3. Sustainable Non-Timber Forest Products (NTFP) memagt
4. Sustainable community forestry
5. Agro-forestry
6. Sustainable agriculture
2 | Reducing fuel woor 1. Biogas
consumption 2. Small hydropower electricity
3. Energy-saving cooking stoves
4. Solar energy
5. Use of harvest residues
6. Community-based fuel-wood plantations
3 | Reducing forest fire 1. Greenhedgerow
2. Agro-forestry
3. Strengthen forest fire monitoring and preventioit un
4. Increasing awareness of villagers
4 | Promote sustainab 1. Sustainable forest harvest/Forest certified sy
production forest 2. Sustainable NTFP (Non-Timber Forest Products)harves
management 3. Enhance forest maintenance (pruning and thinninggcte
planting and assisted natural forest regenerati@et seeds
sowing)
5 | Promote sustainab 1. Optimal protection forest managem
protection forest 2. Ecosystem-based protection forest management
management 3. Enhance forest maintenance (enrich planting aridtadsatural
forest regeneration-direct seeds sowing)
6 | Promote sustainab 1. Ecosystem servi-based protect¢area manageme
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conservation forest/Protect | 2. Livelihood/incentive-basecprotected areconservatior
area management 3. Enhance forest maintenance ( enrich planting asidtasl natural
forest regeneration-direct seeds sowing)
7 | Minimize forest impac Effective enforcement of EIA decree/regulat
caused from development
projects
8 | Pursuing carbon mark 1. Reduced Emissions from Deforesta and Forest Degradatic
opportunities/forest (REDD)
investment 2. Clean Development Mechanism (CDM)
9 Promote/Enhanc 1. Enrich plantin
reforestation 2. Direct sow
10 | Promote/enhance restorati | 1. Optimal plantatio
and maximize benefits from| 2. Assisted abandonment (re-growth)
degraded forest 3. Agro-forestry
4. Integrated cropping
11 | Promote wood efficiency 1. Efficient processini
2. Efficient design
3. Use waste wood for energy
12 | Strengthen foressector 1. Precise foresinformation and plannin
administration 2. Effective law enforcement
3. Forest awareness and education
4. Established forest volunteer, forest fire monitgrimit and forest
expert network

4.4 Process, criteria of technology prioritizationn the forestry sector

As mentioned earlier in the Chapter 4, the proadstechnology prioritization included the reviewing
emissions sources and sink, examining existinggatitbtn technologies in forestry sector and then
prioritization of the technology. The review of esions sources and sink and existing mitigation
technologies were as explained in the section Adl4a2 respectively; hence here focused on thaioert
activities and approach for technology prioritipatiparticularly technology prioritization workshop

including steps and methodologies employed forrppization of technologies during the workshop.

The technology prioritization workshop was orgadiza May 2012, participated by 37 participants
representing 24 departments or organizations ofeigmeent, academic, research institutes, private,
international organizations and projects. The &G§tthe participants is in the Annex4. Before the
workshop, the stakeholders were informed aboutethéssion sources and sink as in section 4.1 and
mitigation technologies and options as in the saci.2 as well as technologies recommend in the INC
(STEA, 2000), TNA (STEA, 2004), SNC (MoNRE, 2012)dan the IPCC AR4(IPCC, 2007. During the
workshop, the stakeholders were introduced to aisdugsed on the application of the steps and
methodologies that suggested in the TNA guidebobk§B and UNFCCC, 2010),particularly
identification, edition and categorization of teologies; screening top ten technology options ftbm
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edited technologies and then prioritizing four temlogies out of ten technologies as priority te¢bgp

needs.

The identification, edition and categorization wemnducted by stakeholders, based on the technology
options in the Table 7 and elsewhere which percelbyethe stakeholders and then used expert judgemen
for the scale of application of the technology #sdavailability. Similarly ten technology optiongere
selected through expert judgment and while fouorfisi technologies were prioritized with the use of
multi-criteria and scoring techniques including swity analysis. The criteria applied in the
prioritization of the technologies were dividedathree main categories: technology performanceG&H
reduction and contribution to development partidylaaconomic, environmental and social aspects.
These criteria were, in general, elaborated, editedl agreed by the stakeholders with referencéeo t
criteria recommended in the TNA guidebook (UNDP &idFCCC, 2010). In the prioritization of the
technologies, the criteria were weighted basedheir significance perceived by stakeholders and the
technologies were scored against the criteria.sEloee were ranked from 0 to 100 by expert judgentent

is the least preferred while 100 is most preferfemlowings are the identified, edited and categgati
technologies (Table 8); ten technology options ltedurom expert judgment (Table 9); applied cider
and weighing (Table 10 and Figure 10); the resoftasMCDA process with individual scores for
technologies and overall weighted scores (TableviHi)e four priority technologies are presented in

section 4.5 and the sensitivity analysis is puh&Annex 5.

Table 8 Edited technologies and categorization

No Category/Sut- Key mitigation technology Scale of application Availability
sector options
1 | Eeliminating 1. Livelihooc-based fores Medium to large scale| Short to medium tern
“slash-and-burn” conservation
agriculture 2. Rotation croppin Medium scale Short term
3. Sustainable No-Timber Medium scale Short to medium term
Forest Products (NTFP)
management
4. Sustainable communi Medium scale Short to medium term
forestry
5. Agrc-forestry Medium to large scale| Short to medium tern
6. Sustainable agricultu Medium scale Short term
7. Relocation (of the shiftin Small to medium scale Short term
cultivator)
8. Sustainable agricultu Small to medium scal¢  Short to medium tefm
2 | Reducing fue 1. Biogas Small to medium scal¢ Short term
wood consumption 2. Hydropower electricit Small to large scale Short term
3. Energy-savingcookingstove: | Small scale Short term
4. Solar energ Small scale Short to medium term
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5. Use of harvest residu Small to medium scale Short to medium tern
6. Community-based fuewood | Small to medium scale Short to medium tern
plantations

3 | Reducing fores 1. Greenhedgerov Small to medium scal¢ Short to medium tern
fires 2. Agra-forestry Medium to large scale| Short to medium tern

4 Promote 1. Sustainable fore: Medium to large scale| Short to medium tern
sustainable harvest/Forest certified system
production forest | 2. Sustainabl NTFP (Nor- Small to medium scal¢ Short to medium tern
management Timber Forest

Products)harvest
3. Enhance forest maintenar Small to medium scale Medium to long term
(pruning and thinning, enrich
planting and assisted natural
forest regeneration-direct seeds
sowing)

5 | Promote 1. Optimal protection fores Medium scale Medium term
sustainable management
protection forest | 2. Ecosyster-based protectio | Medium scale Medium term
management forest management

3. Enhance forest maintenar Small to medium scal¢ Medium term
(enrich planting andsaisted
natural forest regeneration-
direct seeds sowing)

6 Promote 1. Ecosystem servi-basec Medium scale Medium term
sustainable protected area management
conservation 2. Livelihood/incentive-basec Medium scale Medium term
forest/Protected protected area conservation
area management| 3. Enhance forest maintenanc | Small to medium scale Medium term

enrich planting and assisted
natural forest regeneration-
direct seeds sowing)

7 | Minimize foresl Effective enforcement of El, Medium scale Short term
impact caused decree/regulation
from development
projects

8 | Pursuing carbo 1. ReducecEmissions fron Medium to large scale| Short to medium tern
market Deforestation and Forest
opportunities/fores Degradation (REDD)
investment 2. Clean Developmer Medium scale Short to medium ter

Mechanism (CDM)

9 | Promote/enhanc | 1. Optimal plantatio Medium to large scale| Short to medium tern
restoration and 2. Assisted abandonment - Medium scale Medium term
maximize benefits growth)
from degraded 3. Agro-forestry Medium scale Medium term
forest 4, Integrated croppir Medium scale Medium term

10 | Promote wood 1. Efficient processin Small to medium scal¢ Medium term
efficiency 2. Efficient desigr Small to medium scal¢ Medium term

3. Use waste wood for enerc Small to medium scal¢ Medium term

11 | Strengthen fores | 1. Precise foresinformation anc | Small to medium scalg¢ Short to medium tern
sector planning
administration 2. Effective law enforceme Medium to large scale| Short to medium tern

3. Forest awareness a Medium to large scale| Short term
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educatiol

4. Established forest voluntet | Small to medium scale Short to medium tern
forest fire monitoring unit and
forest expert network

Table 9 Shortlisted Technology Options

zZ
o

Ten Shortlisted Technology Options

Optimal plantation

Effective law enforcement

Incentive-based conservation

Forest fire control

Micro-hydro electricity

Energy saving cooking stove

Effective preservation of protection and protdaeca

Upland agriculture research

©| 0 N| o g Bl W N| B

Capacity building

(=Y
o

Reforestation of degraded forest

Table 10 The criteria for technology prioritization

Category

Criteria

Description

GHGs

reduction

GHGs reduction and
sequestration

enhancement

Potential for GHGs reduction and or enhancemetti@bequestration
indifferent sectors. This potential could be asslelescomparable or
indicated by observing emissions history and tr@nevell as
development trends or targets of different sectaraddition, another
observation is, the highest emissions are the greatential for

emissions reductions it could be.

Cost/

Investment

Cost or

Investment

Cost or investment in the development, applicatipoperation and

maintenance of the technology.

Development

Economic

Yield/ Income

Support for economic growth particularly GDP anabdity including

create income and increase.

benefits

SMEsS/MSMEs

Enhance SMEs/MSMEs, growth and diversificationipatarly

environmentally and social responsibility enterpris

Environmer

tal benefits

Reduce air

pollution

Improving air quality, reducing air pollutants swech SOx, NOX,
suspended particulate matter, non-methane volatjanic

compounds, dust, fly ash and odour and other toxics
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Reduce

environmental

Covers reduction of environmental negative impacis contribution
to environment protection such as protection ofl|amater,

negative o ]
) biodiversity resources and ecosystem.
impacts
-;2 Employment Creafl-on of new jobs anc-i employment opportunitiesdtiding working
o conditions such as learning and safety.
[<8] n n n n
o Addressing gender gaps and contribution to gengiealgy
© Gender i - ) ]
o ] particularly opportunities for gender such as ineageneration, ,
3 equality

capacity building and employment.

Socioeconomi

C equality

Addressing gaps between urban and rural and catitsibto rural
development and poverty reduction through decen#tidn, capacity
building, local ownership, participation, transparng and good

governance.

Weight (%)

E Cost (20%)
B Reduce GHGs (15%)
® Reduce air pollution (8%)

~

B Reduce environmental negative impacts (99
E Employment (10%)
= Gender equality (5%)

Socioeconomic equality (5%)

Yield/Income (20%)

SMES/MSMEs (8%)

Figure 11 Weighting of the criteria
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Table 11 The results of the scoring of technologyripritization for forestry sector

Cost Environmental Benefits Social Benefit: Economic Benefitt | Total |[Total score| Total Rank
Cost/ GHGs Reduce Reduce Employment | Gender | Balance urban] GDP/ SMEs/ costs | of benefits| score
Technology Options | Investment | Reduction air environmental equity and rural Income/| MSMEs
pollution | negative impacts| development | Yield
Optimal forest plantation 65 100 30 60 100 60 0 100 80 13 62 75 3
Effective law enforcement 70 80 60 90 25 80 80 30 30 14 44 58 8
Optimal agro-forestry 65 70 70 75 70 100 80 90 80 13 63 76 2
Effective forest fire 70 60 100 80 50 0 10 0 10 14 31 s 9
control
Sustainable production 55 80 70 90 80 50 50 90 85 11 64 75| 5
forest management
Sustainable community 55 80 60 80 80 90 100 80 80 11 64 75| 4
forest management
Effective conservation 65 80 60 90 80 70 70 90 100 13 66 79| 1
forest management
Forestry and agro-forest] 100 0 0 0 0 80 80 40 0 20 16 36 10
research
Capacuty building on 85 60 60 70 50 80 80 70 70 17 53 70| 6
GHGs mitigation
E)?:;‘:rat'on of degraded 0 90 80 100 70 65 65 70 60 0 61 61 7




4.5 Results of technology prioritization for foresty sector

Throughout the prioritization process particulatthg scoring and assessment,four technologies, gamel
Effective Protected Area Management, Optimal AgooeStry, Optimal Forest Plantation, and
Sustainable Community Forest Management which obthihighest scores or most preferable, are
selected as priority technology needs for clim&i@nge mitigation in the forestry sector.

Effective Protected Area Management:

As mentioned previously, effective protected areanagement is a technology derived from the
combination of multi-disciplinary approach whichoprotes full function and maximizes benefits from
ecosystem services with appropriate techniqueghegavith effective law enforcement to realize fire
sustainability of a certain area. This technolaggssociated with appropriate protected area pignn
livelihood improvement, incentive and ecosystemela®rest management and REDD plus mechanism.
It is chosen based on the respective score inrttegia, its perceived potential for ensuring sirsthility

of the conservation forest, and its alignment wittional policies. On the other hand, selecting thi
technology actually aims to address encroachmemtwversion and degradation and or loss of
conservation forest as well as ineffective managenespecially to address ineffective law enforcetme
lack of good planning, and to improve livelihooddaawnership of forest dependent communities,
including increase awareness for the protectiorarfservation forest with adequate investment. This
technology is in the pipeline of the forest stratég the year 2020 of the country (MAF, 2005), whic
aims to apply multi-disciplinary or effective appot for sustaining forest resources and management
and has been in place for years. Recently theresareral initiatives on the promotion of sustaieabl
conservation management through ecotoufisREDD plus, law enforcement (for example, prommotio
of Forest Law Enforcement and Governance by cotiperébetween the Department of Forestry
Inspection (DoFl) and the International Union foor@ervation of Nature (IUCN) Lao in 2009-26%11
and the E@Y, and forest investment programrifesiowever, these actions are in initial stage ac# bf
synergy or as a package for a certain area. Irtiaddthere is lack of concrete effective or susthie
conservation modelsSo effective conservation management, in this TiAexpected to explore and

apply multi-disciplinary or approach appropriatelgd effectively to sustain natural forest resources

Bhttp://www.ecotourismlaos.com/
Zhttp://www.iucn.org/about/work/programmes/forestiiprr_work/fp_our_work_thematic/fp_our_work_flg/fmrést_law_our_
work/fp_forest_law_our_work_ongoing/fleg_lao/?3898FI-and-IlUCN-collaborate-to-promote-Forest-Law-&mement-and-
Governance

Zhitp://www.forestcarbonasia.org/in-the-media/eurpotes-forest-governance-in-laos/
Zhttp:/iwww.theredddesk.org/countries/laos/infofdtgiforest_investment_program_lao_pdr_national
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contribute to maintain and or increase forest cdgemeet targeted of the government which aims to

increase forest area up to cover 70 percent dfltotd area by 2020 (MAF, 2005).

Optimal Agro-Forestry System:

The optimal or appropriate agro-forestry systema iechnology, in this context, refers to agro-foses
system that provides most socioeconomic and enwiemial benefits including carbon sequestration.
This technology involves tree, crops, NTFP anddigek grazing system and associates with ecosystem-
based agro-forestry, market and livelihood-basqutageh. This technology is chosen according to the
respective score in the criteria. In addition, ¢hare some related initiatives and the technolegy line
with the national policies, such as the foresttsga to 2020 (MAF, 2005) and the strategy on clanat
change (WREA, 2010) which intended to promote gppate agro-forestry systems that could enhance
both climate change mitigation and adaptation. Téihinology, in fact, has been implemented in Laos
for a long period of time. It included plantationdaorchards, alley cropping, economical and biaali
improve fellow, contour hedgerow, home garden, Badngya systems (Hansen K.P, Sodarak, H. 1996).
However, it is recognised that the developmentgrbdorestry system can lead to various impacts at
different levels as it depends on the site speciitdition, combination, technique etc. So develepnof
appropriate agro-forestry systems through researah demonstration is needed. In this regard, the
prioritization of this technology in the TNA is exqted to support to exploration of the approprate
climate change oriented agro-forestry systemsdiatmaximize carbon capture and sequestration ks we

as socioeconomic and environment benefits.

Optimal Plantation:
Optimal plantation is, in this context, tree pldinias that generate maximum socioeconomic and
environment benefits, including carbon capture aaduestration in a certain circumstances and land
suitability. Similarly this technology is chosercaoding to the respective scores in the criterigvels as
its potential roles on socioeconomic and environnmeziuding carbon sequestration and alignment with
national policies.
At the present, 230,000 ha of the plantation shawen established (FAO, 2010).The majority are
eucalyptus, teak and rubber, including emerginggsr wood and jatropha. The plantations, althotigh i
lacks of exact data, contribute to quite large @wplent, income generation and reduced dependence on
the natural wood. However, in 2012, some plantatiparticularly eucalyptus and rubber, which seem t
lead to unexpected impacts or over expansion, atlechby the government until 2015.So optimal
plantations, which are particularly market-orientedst-effective and add value to or help restoratf
the degraded forest and land, are required astioondpr plantation development. However, the resea
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and development of optimal plantation is limitelak forioritization of the optimal plantation in tR&A

is expected to assist government to search foroppigte speciéd and location including approach for

future sustainable plantation development.

Sustainable Community Forest Management:

The sustainable community forest management (SCEM) technology that expects to realize forest
sustainability through improvement in local liveditd, local forest ownership and forest ecosystesedtha
management techniques. The SCFM is a promisingntdedy and is chosen according to the respective
score in the criteria. More importantly, it is ckasbecause of its potential socioeconomic and
environmental benefits, including carbon sequéstragind alignment with national policies.

The roles of the SCFM can be various, dependingthen management purpose and site specific
conditions. However, in Laos, most SCFM or Commuiibrestry Programmes intended to promote
sustainable use of secondary forest, non-timbersfgoroducts (NTFPs) and rehabilitation of degraded
forest as a way for forest conservation and livadithimprovement (MAF, 2005).Therefore SCFM plays
key roles in the restoration of forest as wellraprioving livelihood of local communities. Similarfrom

the climate change mitigation point of view, it cha significant for GHGs emission reduction and
sequestration; the SNC (2012) indicated that manage of re-growth and rehabilitation of forest
represents a key source of GHG removal. With |peaiple participation and livelihood recognized as
critical factor for forest conservation, currenR¥£DD plus includes livelihood and local participgaat a
core element of its programme. Likewise, strategyGlimate Change (MoNRE, 2010) and Forestry
Strategy to the year 2020 of the Lao PDR (MAF, J0dg&ntified SCFM as a core component of the
strategy. In addition, SCFM is also integratedhi@ $trategy on National Growth and Poverty Eraitinat
(Lao Government, 2003) and the Prime Ministry’sesrdn the building of villages as development units
(PM, 2012). However, the SCFM is still implemengtdch small scale and not fully developed although i
has been implemented in Laos since 1993 and has &mh prints. This is because of the fact that the
majority of SCFM activities were carried out withpgport from international organizations (developtnen
projects) and the local governmental organizati@specially Provincial Agriculture and Forest Odfic
(PAFO) and District of Agriculture and Forest O&i(DAFO). Insufficient financial and human resogrce
including unclear boundary of community forest daxck of appropriate plans impeded the development
of SCFM. However, the prioritization of this tectiogy in the TNA is expected to take this technglog

»The appropriate species in the context refer tcispeare most cost-effective, market viable, lazgebon sequestration and

storage while maintain and or improves ecosystedmaulti-purposes for use.
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forward and support its implementation through aesle and application of approaches appropriateeo t

location and communities.

Chapter 5. Technology prioritization for agricultur e sector

The technology prioritization for agriculture wasnducted at the same time and through similar goce
as the technology prioritization for forestry sectdhe process included review emissions sourceds an
sink, existing mitigation technologies in the agtiare sector and prioritization of the technologie
review of emissions and existing mitigation teclogids in the agriculture sector was as describdden
Section 5.1and 5.2respectively. The technology ripidation for agriculture sector was conducted
coincidentally with technology prioritization foroffest sector which took place in the technology
prioritization workshop which held in May2012. 3@rficipants from 24 departments or organizations
attended the workshop and list of participantsaarén the Annex 4. At the workshop, technologiesewe
prioritised through the process as recommendelerTechnology Need Assessment Handbook (UNDP
and UNFCCC, 2011) and MCA, specifically technoladgntification, categorization, prioritization with
the use multi-criteria, scoring and assessmerti@fésults by conducting sensitivity analysis all ag
stakeholders consultation. The detail of the proeesl results of the technology prioritization \wasen

in the Section 5.3 and 5.4 respectively.
5.1 GHG emissions of agriculture Sector

As mentioned, Laos had completed the first GHG nibwey for the year 1990 and the second inventory in
2000. However, the inventory revealed that the simis from the agriculture sector were the second
largest after LUCF for both years. The emissiomfithis sector was 5,696.67 Gg&Qdn 1990 and grew

up to 7,675.79 GgCse in the year 2000. While the share in the totdksion decreased from 24 percent
in1990 tol4.52percentin 2000. However, the key smof the emissions for 1990 and 2000 remained
unchanged and these sources were rice cultivatidnmanure management, which generated about 95
percent and 65 percent of total emissions fromstagtor respectively. The rest emissfonere from
agriculture soil, manure management and burninggoicultural residue and savanna (STEA, 2000 and
MoNRE, 2012).

**The emissions from agriculture soil, burning ofiegitural residue and savanna were not coverecHG&inventory 1990.
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5.2 Existing technologies of agriculture Sector

Multiple mitigation technologies in the agricultusector were applied in the Laos and regions. Those
technologies are identified in the strategies, pland reports such as Assessment Report on Tegynolo
Needs and Priorities for Mitigating Greenhouse Gasission (STEA, 2004),Strategy for Agriculture
Development 2011to 2020 (MAF, 2010),Strategy omm@te Change of the Lao PDR (WREA,2010) and
Second National Communication on Climate ChangeNRIg, 2012).In addition, it also described in the
Assessment Report of IPCC-AR4 (IPCC, 2007), Tedwiek for Greenhouse Gas Mitigation in the
Agriculture Sector (UNEP, 2012), ClimteTechWikiétcHowever, not all the technologies are applied
and or applicable in Laos; so described below aenamary of only the main areas where measures and

technologies have been practiced and are provied &pplicable to Laos.

Rice cultivation:

The key technology for reducing the emissions frara cultivation is water scheme management. Water
scheme management has been traditionally pradiigédo farmers through the country. It is particiyla

in the form of mid-season drainage. This practies wsually conducted once the rice plant's growth i
stable and sometime just before harvesting. Howékirtechnology is less applicable in the arelasrey
rice is grown on wetland and in dry areas. Furtloeensome technologies are implemented along with
this technology. Those are drought tolerant riceetsa improvement, including promoting appropriate
fertilizing and controlling excessive applicatiohamemical fertilisers in the paddy field. Howevdrese

technologies are under demonstration and not yaglwapplied.

Livestock:
The key technology for reducing the emissions flomstock enteric fermentation includes feeds and
feeding improvement, promotion use of healthy aigt Iproductivity cattle, swine for the breeding and

producing higher rate of calves and piglet.

For feeding improvement, some livestock projectyvehdeen implemented in Laos, particularly
application of new variety and better quality oagges and feeds for feeding cattle and pig. Noveday
8,478 ha of new variety of the grass such as Baaghiziziensis, Panicum maximum, Pannisetum

purpureum, stylo grass etc were established gikfiected to more than double (DLF, 2012).

2 http://climatetechwiki.org/category/service/agtane
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Selection of healthy and high productivity catdgjine for the breeding and producing higher calvin
and piglet rate is desirable, not only in termshaf higher number of calves and piglet, but alsteims

of lower feed intake per unit of product as welkasissions. This practice has been promoted foaces
through the country. To date, however, it is gtilsmall scale but it is expected to continue twéase as

it is low cost and applicable for rural areas. tdition, government set a clear policy on promoting
farmer organization including livestock raising gps for livelihood improvement and

commercialization.

Manure management:

The key technology for reducing emissions fromdteek manure is biogas digester. This technoldwy, t
manure is fermented in the digester and convedeahdthane which can be used as fuel for cooking,
heating and etc. There are different sizes andstgheiogas digester, rank from £ o 16 ni, which
allow its flexibility for different size of farmsgconomic and location. The biogas is an area wthieh
government of Laos targeted on as it biogas not educes the emissions, but it also reduces oddkr,

of water pollution or contamination of manure arehlth impact while waste from the digester is good
fertilizer. In addition, this technology is considbly low cost. In 2011, about 2,715 biogas digssigth
total capacity of 12,950 #rexist in 48 districts and 838 villages (DLF, 2012he number of biogas is
expected to increase as the government set apxéiay for promoting technology as such and techlnic
support or advisory support for example the codeohnical support is free of charge or offerecthsy

government. However, more attention is needed fntanance.

Crops land management:
Several technologies have been initiated to imprbeecrops system. These include agronomy, agro-

forestry, non-tillage/residue management and soéradment for increase crops land productivity.

Agronomy:.

Agronomic practices which include improving croprieties, extending crop rotations especially with
legume crops, avoiding or reducing use of bareofglladding appropriate amount of fertilizers,
temporary vegetative cover between successiveldignial crops, or between rows of tree are crufcial
climate change mitigation and conservation of soi®wever, in Laos there lacks of study and
information on the carbon capture and sequestratibects, including cost and constraints in the

application of these technologies.

Noneor low tillage:
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No-tillage system is being piloted in some proveaeLaos by some organizations and projects. Mbst
them are in the form of no-tillage, low-tillage direct seeding mulch-based cropping system (DM@) an
mainly applicable for such crops as rice, maizghean and grassland. This system, although theme we
findings that profitability and production costapbur and yields of the this agricultural systemesreot
different from other or tillage but total abovegnouand belowground biomasses produced and brought

back to the soil with higher dry matter which ispontant for carbon storage in soil.

Agro-forestry:

As mentioned, carbon storage in soil and abovergtaan be achieved through appropriate designs of
agro-forestry system. Since the agro-forestry systevarious; appropriate agro-forestry system ddpe

on geographical, composition and system, marketcapécity matter. However, in Laos although the

ago-forestry has been practiced for years butilltlatks of research on the appropriate system and
information about the total benefits including dite change mitigation from different types and sobe

of such agro-forestry system.

I ncreased productivity of croplands (including fertilization):

Carbon storage in the croplands especially gralzinds can be improved through a variety of measures
that promote productivity. For instance, allevigtimutrient deficiencies by fertilizer or organic
amendments increases plant litter returns and,ehesod carbon storage (Schnabel et al., 2001; Qtogta

al., 2001). This practice adopted by some conservatgriculture programmes in Laos particularly the
Lao National Agro-Ecologocal Project (PRONAE). Hawe research elsewhere indicated that adding
nitrogen often stimulates ;@ emissions (Conant et al., 2005) and offsettinmesaf the benefits.
Irrigating grasslands, similarly, can promote s@itbon gains as recommended by Conant et al. (2001)
but it seems impractical in Laos either. So, a®manended by Schlesinger (1999) it is important to
consider the net effect of this practice and emissfrom energy use and other activities on thegated

land.

5.3 An overview of possible mitigation technologypiions in agriculture sector

Although a variety of technologies are available @HGs mitigation; the key recommended mitigation

technology options for agriculture sector which cdae summarized from reports, strategies and

stakeholder consultation such as the AssessmenborRepm Technology Needs and Priorities for

Mitigating Greenhouse Gas Emission (STEA, 2004ai8gy for Agriculture Development 2011to 2020

(MAF, 2010),Strategy on Climate Change of the La®RP (WREA,2010),Second National
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Communication on Climate Change (MoNRE, 2012)andsutiation workshop on the technology
prioritization are only feeds optimization, highoducing cattle, gas recovery or biogas, paddy fiedter

management or micseason drainage, organic farming, crop land astigamanagement.

Feeds optimization:

Feed optimization is a key option as, apart frowiriapotential for GHGs mitigation, it is also inmpant

for promotion of productivity. Feed optimizationclaodes feeds quality improvement and efficient
utilization with proper feeding, cattle can eatslgger unit and be ready for the slaughter in atshor
period. Although it lacks of detail study in Laastlbhe research elsewhere revealed that therdestel

for GHGs mitigation though feed optimization; Authet a2001) found that with efficient feed, low
residual feed intake (RFI) cattle and high RFlleadte about same level of productivity. The stadiy
Okineet al 2001) and Herabt al 2002) also indicated 15% - 30% of methane emissiedsction and
15% - 20% reduction in manure production (Nkruretilal. 2006; Hegartgt al.2007). In addition, it also
reduces age at slaughter as the faster an animasdhe lower the total feed requirements are ihggid
lower methane emission per live weight gain. Wikdlot cattle system in 2-5 months reduced 34-54
percent of time to slaughter (McCraital. 1998).

MoNRE (2012) anticipated that if feeds optimizatignapplicable and is applied among 30 percent to
50percentof total livestock in Laos from 2015 to3@0and if 15percent to 30percent of emission
reductions can be achieved as suggested in theeaiady; 2,361.10 GgG® can be reduced during
2015 and 2030 or on average 164.44 Ggg@ductive per year.
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Figure 12 Project emissions reduction potential eifiency feeding improvement, Source: MoNRE, 2012: Kasure for
climate change mitigation. MONRE, 2012
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In addition, feed improvement which can help tousasfeeds, health for livestock and productivity is
crucial for development of livestock sub-sectarelihood and also economic of the country. Govemime
strategies particularly agriculture developmenatetyy and livestock sub-sector development strategy

recognized and identified the feeds improvemerat fasindation for the development.

Biogas digester:

As mentioned earlier, methane recovery is one @fpttomising options. MONRE (2012) predicted that if
this technology is applied for emissions reducfimm 2015 to 2030 for50percent to 70percent ofl tota
livestock which raised in farm system such as tligyaddock and so on, where manure is used for
methane recovery, and 30 percent to 50 percenniEs@ns can be reducible as estimate, the emission
reduction by 2030 will be 194.93 Gg@OCH, or 12.18 GgCge CH, per annum on average.
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Figure 13 Projected emissions reduction potentiardbm manure management. Source: MONRE, 2012: Measuffer
climate change mitigation. MONRE, 2012

In addition, the livestock wastes has a potentallfiogas production which approximately 4 million
metric tons of animal duflis produced per year and this can generate aro@xd@ m® of biogas per
year, or equivalent to 5x108 kwh electricity (abaué MTOE) (LIRE, 2011).

26CouNTRY PaPER Utilization of Biomass for Renewable Energy, iad_People Democratic Republic for Workshop on

Utilization of Biomass for Renewable Energy, 11Hécember 2006, Kathmandu, Nepal.
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Organic farming

Based on the research, evident elsewhere and aliserof actual practice in Laos, organic farmisg i
considered as a climate change mitigations forcaljtire sector. Organic farming could considerably
reduce the GHG emissions of the agriculture seartdrmake agriculture almost GHG neutral (Niggli et
al., 2009). GHG emissions of agriculture would ééuced by roughly 20 per cent. Another 40 per cént
the GHG emissions from agriculture could be mitgaby sequestering carbon into soils at the rdtes o
100kg of C ha-1 yr-1 for pasture land and 200kgarbon/ha per year for arable crops. By combining
organic farming with reduced tillage, the sequéistnarate can be increased to 500kg of carbon/lha pe
year in arable crops as compared to ploughed cdiowah cropping systems, but as the soil C dynamics
reach a new equilibrium, these rates will declinghe future. This would reduce GHG emissions by

another 20 per cent (Uprety.D.C et al, 2D12

As for the benefits of the organic farming, as désd in the TNA Mitigation Agriculture (2012) and
observation in Laos, it can be summarized as fatigw

e Organic agriculture can improve soil fertility amd supply by using leguminous crops, crop
residues and cover crops, to eliminate fossil fiseld to manufacture N fertilizer elsewhere. The
addition of the crop residues and cover crops léadke stabilization of soil organic matter at
higher levels and increases the sequestration efif@@soils;

e Organic agriculture increases soil's water retent@@apacity, which would enable a crop to
survive longer in a drought cycle. This could héhg crops adapt to unpredictable climatic
conditions. Soil C retention is most likely to wstand climatic challenges and soil erosion, an
important source of CQosses, is effectively reduced by organic agrimelt

e Organic agriculture can contribute to agro-foregirgduction systems, which offer additional
means to sequester C;

e Organic systems are highly adaptive to climate ghatue to the application of traditional skills
and farmers’ knowledge, soail fertility-building tetiques and a high degree of diversity;

e Organic agriculture as a water protector reducdaemaollution due to the absence of pesticides
and chemical fertilizers;

e Organic agriculture is compatible with conservattiltage, thereby enabling even greater C

sequestration potential by incorporating this naitign technology.
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5.4 Process and criteria for technology prioritizaion in the agriculture sector

The technologies prioritization in the agricultusector was conducted in apparel with technology
prioritization in the forestry sector and applibé same processes. As mentioned earlier in thet@hap
the process include review of emissions sources sinkf existing mitigation technologies in the
agriculture sector and the prioritization of theheologies. The results of the review of the emissi
sources and sink and existing mitigation technologye agriculture sector were already explaimethée
section 5.1 and 5.2 respectively. So this secticuged on the technology prioritization particylanl the
technology prioritization workshop. The technologyioritization workshop in May 2012brought
together37 participants from various organizati@hsnex 4).Before the workshop, the stakeholdersewer
informed about the mitigation technologies and mmi as in the section 5.1 and 5.2 as well as
technologies recommend in the FNC (STEA, 2000),Aksessment Report on Technology Needs and
Priorities for Mitigating Greenhouse Gas EmissiSAEA, 2004), SNC (MoNRE, 2012) and in the IPCC
AR4 (IPCC, 2007). During the workshop, the priaation of the technology followed the steps and
methodologies for technology prioritization, as amenended in the TNA Handbook (UNDP and
UNFCCC, 2011),particularly identifying technologiesditing technologies and categorizing them,
selection of top ten technology options from thdtesd technology list and then prioritize four
technologies out of the ten technology options wWlith use of the criteria, scoring including sewsiti

analysis and consensus of the results amongstakeh®lders.

The identification of technologies based on théametogy option mentioned in the section 5.3 potnti
mitigation technology that generated in the tecbggl prioritization workshop in May 2012 while
technology edition and categorization were condltie assessment of the technology application scale
and availability though group discussion and expstgement. As a result, the edited and categorized
mitigation technologies can be summarized and ptedeas in the Table 12 below.

Table 12 Mitigation technology options and categoziation in the agriculture sector

Sub-sector Technology Scale of Availability
application

Water management scheme (mid-seas
drainage)
Appropriate application of fertilizer,

)%mall to medium| Short term

Rice cultivation

. : Small Medium term
manure/Precise farming
Feeds improvement:
Livestock enteric | Feeds optimisation . Short to
. . . Small to medium .
fermentation Extension of ammoniated straw and medium term

silage
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Livestock manure| . .
Biogas Medium Short term
management
Integrated cropping system Small to mediym  Sharht
Crops Agro-forestry Medium to large| Short term
management
Organic farming Small Short term
Precise farming Small Medium to
long term
Agronomy:
Agricultural biotechnology to produce
crop varieties with enhanced carbon Medium Long term
sequestration
Cover crop
Nutrient management:
Others Management of nitrogenous fertilizers | Small Long term
Mitigation of CQ, by mycorrhiza
Tlllage/Regldug management: Short to
Conservation tillage Small :
. medium term
Biochar
. . Short to
Direct seeding technology Small medium term
Chemical fertilizer amendment Small Medium term

The selection of top then technology was condubtedxpert judgement of ten technologies in theetabl
12 above, that are perceived to have greatestatidiy potential and most preferable. So the top ten

selected technologies are as in the following TaBle

Table 13 Shortlisted technologies in the agricultur sector

zZ
o

Ten Shortlisted Technology Options
Biogas

Appropriate Water Management for Paddy Field

Promote Use of Adapted and High Production Cattle
Agricultural Soil Carbon Management

Organic Farming

Integrated Farming

Fodders Improvement and Appropriate Feeding/Feptisization
Crop Land Management

Land Suitability and Ecosystem Based-Agriculture

©| O N| O O | W| N| B~

(=Y
o

Crops Residual to Energy

As mentioned, priority technologies were prioritiagsing the multi-criteria decision analysis metlaod
four technologies are selected out of top ten teldgies mentioned above. The criteria applied & th

prioritization of the mitigation technologies oframilture sector are same criteria and weight dpglied
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for technology prioritization for forestry sectoas shown in the table 10 and Figure 10.In the
prioritization of last four technologies, an assesst of the technology performances, the top ten
technologies were scored against the criteria. 3dwre ranks from O to 100; in which O is the least
preferred while 100 is most preferred. Through fthiscess, each of technology was scored for their
contribution on social, environmental and econoaniteria. The overall weighted scores were caledlat
using the scores and weights and the last foumt#obies that received the highest overall weighted

scores are organic farming, biogas, cropland maneageand feeds improvement as shown in the Table
14 below.
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Table 14 Results of the scoring of technology pridization for agriculture sector

Cost Environmental Benefits Social Benefits Economic Beni$ Total Total Total Rank
Cost/ GHGs Reduce air Reduce Employment [ Gender |Balance urban GDP/ SMEs/ costs | score of | score
Options Investment [ Reduction | pollution | environmental equity and rural Income/ | MSMEs benefits
negative impact development Yield

Biogas 30 100 100 100 75 60 75 80 80 6 69 79 2
Appropriate Water Management ) 50 0 0 0 55 0 35 0 14 17 31 10
for Paddy Field
Promote Use of Adapted and
High Production Cattle 70 0 60 70 35 60 60 55 65 14 37 51 8
Agricultural Soil Carbon 100 70 70 80 65 60 60 0 55 20 40 60 7
Management
Organic Farming 80 70 70 75 100 100 100 80 75 14 69 81 L
Integrated Farming 80 60 65 60 50 70 60 50 50 14 45 61 B
Fodders Improvement and 75 80 70 65 75 65 70 80 70 15 59 74 3
Appropriate Feeding
Crop Land Management 70 85 75 70 60 65| 65 70 7q 14 514 n 5
Land Suitability and Ecosystem 50 60 60 30 40 55 55 60 0 41 41 9
Based-Agriculture
Crops Residual to Energy 55 75 80 70 80 0 65 100 100 n 63 14 4




This assessment, however, as recognized that tamukel be uncertainty and variation of the scoring,
sensitivity analysis was employed in order to farafand address the variation. The sensitivitylpsia
was conducted based on the observation distribatidhe score and change in rank. Annex 5 provided
the results of the sensitivity analysis.

5.5 Results of technology prioritization and discusion

Throughout the prioritization process particulathg scoring and assessment,four technologies, gamel
Organic Farming, Biogas, Feeds and Feeding Impreménand Agriculture Residue to Energy which
obtained highest scored or were considered moftrptde are selected as priority technology needs f
climate change mitigation in the agriculture secfbnese technologies are chosen according to the
respective score in the criteria as well as itsepidl benefits on socioeconomic and environment
including carbon sequestration and also alignmetit mational policies. Followings are summary af it
potential and development status in Laos.

Organic Farming:

As mentioned, Organic Farming is also a key tedampofor reduction of the emissions from particufarl
emissions from soil and fertilizer. In addition,isthtechnology also helps to reduce emissions from
fertilizer and pesticide manufacturing elsewheréhdugh most of agriculture in Laos is conservation
agriculture or organic, to date, certified or viexf organic farming is in initial stage and smalile in
Laos. In addition, assessment and verificationamiceconomic and environmental benefits including
climate change mitigation of different farming sysis in regions are limited. However, prioritizatioh

this technology in the TNA is expected to contrébtt research and development of this technology as
well as establishment of policies on the promotdenvironmentally friendly technology, conservatio

agriculture and emissions mitigation.

The Biogas:

The biogas is amongst key technology for reducimgsgions particularly from livestock manure. In
addition, this technology also helps to reduce simis from energy consumption and other
environmental and health caused by improper mamargagement. However, to date, this technology is
in small scale in Laos. As mentioned, in 2011, dhl¥1l5 biogas digesters with total capacity of 50,9
m’or less than one percent of the potential is u$kih is due to lack of policy, financial and teatai

support for promoting biogas including for emissioneduction. However, prioritization of this
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technology in the TNA is expected to contributedevelopment and innovation of this technology for

substantially reduction of emissions and envirortia@émpact.

The feeds and feeding improvement:

The feeds and feeding improvement is a key teclyydlor reduction of the emissions from particularly
livestock enteric fermentation. As mentioned, tegearch elsewhere suggested that optimal feedmg ha
potential for reduction of emissions due to redwctf feeds consumption, consuming period and over
grazing while increase the productivity. In additiothis technology is also alternative livelihood
improvement and income generation as well as ramucf the emissions in the areas of slash and burn
agriculture, cutting trees for firewood, NTFPs focome. However, to date, this technology is under
development in Laos; numbers of livestock raisimg/tiding fodders improvement have been promoted
through the country. However, research and systerassessment of the performance of this technplogy
its optimal feed management for maximizing emissieduction and innovation are limited; so the
prioritization of this technology in the TNA is exgted to contribute to development of this techgplo
as well as implementation of policies on the fo@tusity, poverty reduction, livestock raising and
emissions mitigation.

Agriculture Residue to Energy:

This is an emerging technology that has great pialefor reducing emissions particularly from crops
residues burning and left to decay. In additiors thchnology also helps to reduce emissions froengy
consumption. However, to date, this technologiy imitial stage and small scale in Laos,only oiletp
project has been developed on generating energy fice husks, with a capacity of 160 kW (MEM,
2011). The research and systematic assessmentvefclicle of the technology is also limited.
Prioritization of this technology in the TNA is esqted to contribute to development and innovatibn o
this technology as well as development and impldatiem of policies on the promotion such technology

for emissions mitigation and other purposes.
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Chapter 6. Summary and Conclusions

In general, the technology needs assessment forateli change mitigation was conducted though
participatory process with the use of criteria,rsmpand stakeholders consultation approaches.abyer
the assessment is divided in two main steps; seefection and mitigation technology prioritization

the selected sectors. The sector selection wagedasut through initial sector selection, reviewtbé
status and trend of emissions and then followedvith sector selection consultation workshop. The
initial sector selection as well as review of thmissions and trends mainly focussed on review and
summary of the emissions and trends described énSicond National Communication on Climate
Change-SNC (MoNRE, 2012), Strategy on the Climdtar@e of the Lao PDR-SCC (WREA, 2010) and
National Socioeconomic Development Plan of the B&R 2011-2015 (MPI, 2011) including sectoral
development plans and the results of the revieleysreferences for stakeholders and inputs forosect
selection. The sector selection workshop which dadlgi aims for select two priority sectors for the
assessment was held in February in 2012 with jjzation of stakeholders from 24 organizations and o
disciplinary. In the workshop, multi-criteria ancdosing were applied with consultation process tdize

the priority sector namely forest and agricultlrikewise the technology prioritization in the foresd
agriculture was conducted through review of thestaxj mitigation technologies in the sectors and
technology prioritization workshop. The review dfet mitigation technologies focussed on the
technologies that were particularly identified imetlnitial and Second National Communication on
Climate Change (INC and SNC) (STEA, 2000 and WRE®B12),Assessment Report on Technology
Needs and Priorities for Mitigation of Greenhouses&mission (TNA) (STEA, 2004), Strategy on the
Climate Change of the Lao PDR (SCC) (WREA, 201@xeBtry Strategy to the year 2020 of the Lao
PDR (MAF, 2005) and Lao Agriculture Development aBtgy2011-2020 (MAF, 2010) including
Technologies for Greenhouse Gas Mitigation in thgricdulture Sector (UNEP, 2012) and
ClimateTechWili’. The technology prioritization workshop was orgaui in May2012 and aims to
screen and select four priority technologies thhoagnsensus of stakeholders. The workshop followed
the steps and methodologies for technology priaiibn, as suggested in the TNA handbook (UNDP and
UNFCCC, 2010) particularly technologies identifioat editing technology and categorization, and
prioritization of technologies with the use of thdteria and scoring, sensitivity analysis and heac
consensus on the priority technologies with thkedtalders. Through these process particularly sciore
the criteria as well as assessment of technologgnrakents with policies and performances; four

“http://climatetechwiki.org/
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technologies for both forestry and agriculture eeetre chosen as priority technology for greenh@ase
mitigation. Those technologies are as follows:
Mitigation technologies for forestry sector:
o Effective Protection and Protected Area
e Optimal Agro-Forestry
e Optimal Plantation

e Sustainable Community Forest Management

Mitigation technologies for agriculture sector:
e Organic farming
e Biogas digester
o Feeds improvement

e Agriculture residue to energy

Effective protected area managementhe effective protected area management which eerfirom the
combination of multi-disciplinary approach whictclinde the livelihood, incentive and ecosystem-based
forest management including REDD plus and effedive enforcement. The chosen of this technology
aligns with national policies on the environmenbtpction, biodiversity conservation, ecotourism and
climate change. For the effective protected areaagament, classification and demarcation of 22
National Biodiversity Conservation Areas (NBCAshargtd since mid 1990s. In addition, zoning,
patrolling the forest encroachment and huntingnte ecotourism and introduction of REDD plus have
been implemented for many protected areas. Howetle, management is ineffective; forest
encroachment and conversion still occurs, due gaffitient resources for management, ineffective la
enforcement, fail to address livelihood and ownigrsti forest dependent communities. So the selected
effective protected area management is expectaddress these mentioned issues and also conttibute

maintain and or increase forest cover, biodiversitgal livelihood and being a source of carborksin

Appropriate agro-forestry system: has a great potential for carbon capture and storsgrioeconomic
and other environmental benefits. This technolagyactually identified in the forest strategy 1029
(MAF, 2005) and strategy on climate change (WRE® ®, as a means for promoting appropriate agro-
forestry system for enhancing climate change ntitgaand adaptation. However, the development of
agro-forestry system can lead to various impactiffarent level depends on the site specific cbodj
combination, technique etc. so development of gppate agro-forestry system which is carried out

through research and demonstration is needed ¢és3safise impact of different system and mechanism of
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agro-forestry, and then innovate and apply appatprsystem for a setting. The prioritization ofsthi
technology in the TNA is expected to support tordedor and innovation of the appropriate or climmat
change oriented agro-forestry system that maxiro@bon capture and storage as well as substantially
contributing to socioeconomic and environment bigsef

The optimal plantation: a market viable, cost-effective and ecosystem¢basantation which is one of
the technologies that have a great potential diaracapture and storage as well as contributiaiheo
enhance conservation and reduction of the envirohroe ecosystem impact. The selection of this
technology reflects the government policies andidsssuch as replacing dependence on wood from
natural forest, afforestation for environment conaton, income and employment as well as maxingizin
benefits from particularly degraded land. At thegemt, 230,000 ha of the plantation has been estadl
(FAO, 2010) and the majority are eucalyptus, tea#l eubber. By 2020, the government targeted to
increase the area of plantation up to 500,000 28 ZMAF, 2005); so there is room for plantation to
grow. However, the development of plantation shdaddmore careful and more market-oriented, cost-
effective, suitable species, certain ecosystemadswl adds value to the degraded forest and laneebis

as carbon sequestration. So the prioritizatiorhefdptimal plantation in the TNA is expected todi¢a
innovation of this technology as well as promotisfrappropriate speci&and techniques for a certain

ecosystem as well as sustainable plantation deveop

The sustainable community forest management (SCFM): is the community-managed forest resources
which aims for meeting both biodiversity conservatiand sustainable livelihoods including changing
climate mitigation. This technology is identifiadd aligned with recent government policies paldidy
forest strategy, rural development, poverty redurctand building villages as the development unit
including decentralized forest and land managenientiate, although the SCFM has been implemented
In Laos for decades, particularly with support framernational organizations (development projects)
and the local governmental organizations such esifrial Agriculture and Forest Office (PAFO) and
District of Agriculture and Forest Office (DAFO)t is still in the initial stage and small. So the
prioritization of this technology in the TNA is exgted to contribute to development and innovatibn o
this technology; leading creation of substantigbdcts on the livelihood, biodiversity conservatamd
climate change mitigation.

2 The appropriate species in the context refer st-effective, market viable, optimal carbon sequistn and storage, improve

ecosystem and multi-purpose for use.
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Organic farming: is an environmentally friendly agricultural pragtiand essential for reduction of the
emissions particularly emissions from soil and &agion of fertilizer. In addition, this technolo@}so
helps to reduce emissions from fertilizer and pefi manufacturing elsewhere. This technology is
chosen due to its score in the criteria as weltsapotential on income and employment for the feusn
preservation of environment and avoids emissionsnfisoil and fertilization as mentioned above.
Recently, although most of Lao farmers do the argtarming; certified or verified organic farming in
initial stage and small scale in Laos. Howevemnitization of this technology in the TNA is expedtto
contribute to development of this technology to iméxe benefits on the promotion of conservation
agriculture, poverty reduction as well as emissimitiggation.

The biogas: is amongst key technology for reducing emissiongiquaarly from livestock manure
management and emissions from energy consumpti@evelopment or implementation of this
technology is a means of implementation nationdicigs particularly policies on the promotion of
environmentally sound technology, pollution contrpbverty reduction and emissions mitigation. In
addition, selecting this technology is also a mdangrovide alternative energy particularly forrfears.
However, the development of the biogas dependsivastbck manure inputs, manure management
system, proper design of biogas and good maintenainich is key problems associates with biogas

developers in Laos.

The feeds and feeding improvementthe feeds and feeding improvement is a key teclgyofor
reduction of the emissions under agriculture septmticularly addressing emissions from livestock
enteric fermentation by improve quality of feedsd awptimal feeding. This technology reflects that
national policies on rural development and poveetyuction, sustainable livestock and climate change
mitigation. To date, the feeds and feeding improsenis expanding in the country. However, it idl sti
small scale and unsystematic; so the prioritizatibthis technology in the TNA is expected to cintte

to development of this technology as well as apgitm of appropriate technology for maximize betsefi

both productivity and emissions mitigation.

Agriculture residue to energy:is an emerging technology that has great potefiaiaeducing emissions
particularly from crops residues burning and lefdecay or input to soil. In addition, this teclowy is
also an alternative renewable energy. Developroktitis technology is an implementation of national
policies on renewable energy, environmentally sotethnology and low carbon or climate change
mitigation. However, to date, this technology irokds in initial stage, small scale, lack of capaand

experience. In addition, the biomass input in tla@® IPDR is generally dispersed and seasonal to be a
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viable feedstock (LIRE, 2010). So development @ technology requires the research and systematic
assessment of emissions in its live cycle includisgperformance. In addition, development of this
technology requires ensuring adequacy of cropsduesi proper design of the plant and good

maintenance.
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Annexes

Annex 1: List of key stakeholders involved in the NA process

General
Name Organization/Institution Type of
organization/institution

Mr. XayavethVixa) Department of National Disast Governmer
Management and Climate Change
(DNDMCC), MoNRE

Mr. SyamphoneSengchand DNDMCC, MoNRE Governmer

Mr. Mr. Immalalnthaboual DNDMCC, MoNRE Governmer

Mr. BountheeSaythongva DNDMCC, MoNRE Governmer

Mr. BuathongTheothavol DNDMCC, MoNRE Governmer

Mr. KhampadithKhammounhue  Department of Environment Promotic Governmen

Ms. ChandaSouliya MoNRE

Ms. Simounth Department of Water Resources, MoN Governmer

Mr. SackdaPhixayavot Department of Water Resources, MoN Governmer

Mr. KeoKorakott Department of Forest Resourt Governmer
Management, MONRE

Mr. ThongsaySihala Department of Land Manageme Governmer
MoNRE

Ms. Chansouk Si Oudor Department of Meteorology ar Governmer
Hydrology, MONRE

Ms. DalounyVilaython Natural Resources and Environm Research Institute
Research Institute, MONRE

Ms. NguenmanyKhamphour Natural Resources and Environn Research Institute
Research Institute, MONRE

Mr. LaeManivoni Department of agriculture, MA Governmer

Ms.PhonguenPhosal: Department of agriculture, MA Governmer

Mr. PhimphacksomphanPhalakh: Department of Livestock and Fishe Governmen
MAF

Mr. SyammoneSisongkh: Department of Irrigation, MAI Governmer

Mr. PhousithPhoumavol Department of Agriculture and Fores  Governmer
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Mr.KhamphoneMounlam
Mr. SomesoukSomect
Mr. SomesoukSomect
Mr. KhamsenOunkha

Ms. SouthchaiPhilavor
Mr. SithongThongmanivor
Mr. SivangXayavon

Mr. ViengsoukSanapa
Dr. Simone Nampan

Ms. BounthanomePhimmasc

Mr. XaythavoneSihana

Mr.Phouthasomelnthavo

Mr, HoumphanPhaduangdae

Mr. LamkhaXayasar

Mr. Phouthasomelnthavo

Ms. LathsamySouthammavc

Mr. SengchanPhaxayase

Mr. BounchanDouangvilay

Mr. HoumphengTheuadbouni

Mr. Viengsavan

Extension Services, M£
National Agriculture and Forest Research Institut
Research Institute (NAFRI), MAF
National Agriculture and Forest
Research Institute (NAFRI), MAF
National Agriculture and Forest

Research Institute (NAFRI), MAF

Research Institut

Research Institut

Department of Forestry, M/ Governmen
Department of Forestry, M/ Governmen
Faculty of Forestry, NUc Academic

Department of Energy Management, M Governmer

Department cEnergy Manageme, MEM Governmer
Center for Malaria Control, MF Governmer
Center for Water Sanitation and Hygie Governmer
MPH

Department oTransport, MPW Governmer
Department of Urban Planning a Governmer
Housing, MPWT

Public Work and Transport Resea
Institute, MPWT

Public Work and TranspcResearcl
Institute, MPWT

Public Work and Transport Resea
Institute, MPWT

Faculty of Environment Science, NU

Research Institut

Research Institut

Research Institut

Academic
Department of Technology and InnovatiGovernmer
MST

Department of Technology and InnovatiGovernmer
MST

Renewable Energy Research i Research Institut
Development Center, MST

National Economic Research Instit Research Institu

73



Part |- Technology Needs Assessment Report

Lao PDR
(NERI), MP

Ms. KhamnangKhounphak National Economic Research Institi
(NERYI), MPI

Mr. KeophaseurthChanthaphi Department of International Persor
MoFA

Mr. PhiengsavanhThamma:s Department of International Finant
MoFA

Mr.PhetmixayKasermsol Department of Industry Process, N

Mr. RubenitoLampaye IRRI

Ms. PanyVanmanivor IRRI

Ms. TitaroseVijitpal MRC

Ms. ParichatBorkha MRC

Ms. KhamphonelLueangva MRC

Mr. Uwe Singe IUCN
UNDP

Mr. Chansom WB

Research Institu

Governmen

Governmer

Governmer

International Organizatic

International Organizatic
International Organizatic
International Organizatic
International Organizatic
International Organizatic
Internatione Organizatiol

International Organizatic

Annex 2: Sectors and subsectors covered in the invery and mitigation

Sector and sub-sector

1. Energy sector

A. Combustion

1. Energy industries

2. Manufacturing industries and construction

3. Transport

4. Residential sector

5. Agriculture and forestry

B. Production and supply

1. Electricity

2. Coal

3. Charcoal

4. Oil

2. Industrial processes sector

A. Mineral products

B. Chemical industry
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C. Metal production

D. Consumption of halocarbons and
sulphur hexafluoride

E. Food and drink

3. Agriculture sector

A. livestock (enteric fermentation and manurenagement)

B. Rice cultivation

C. Agricultural soils

D. Prescribed burning of savannahs

E. Field burning of agricultural residues

4. Land-use change and forestry sector

A. Changes in forest and other woody and biorstasks

B. Forest and grassland conversion

C. Abandonment of managed lands

D. Forest soil

5. Waste sector

A. Solid waste disposal on land

B. Waste-water handling

C. Waste incineration

Annex 3: List of key stakeholders involved in theriception and sector selection workshop

Organization/Institution

Type of organization/
institution

1 Mr. KhampadithKhammounhuergepartment of Environment Promotion, MONRE

2 Mr. SyamphoneSengchandala

3 Mr. Immalalnthaboualy

4 Mr. BountheeSaythongvanh

5 Mr. VanthonePhonnasan

6 Ms. ChindalakVilanon

7 Ms. ThounheuangBuiyavong

8 Ms. Simountha

Change

Change, MoNRE

Change, MONRE

Change, MONRE

Change, MoNRE

Change, MONRE

Department of Water Resources, MONR

9 Ms. DalounyVilaythong Natural Resources and Emvinent Research

Governtne

Department of Diskaangement and Climate Government

Department of Disaster Mggraent and Climate Government

Department of Disastenddement and Climate Government

Department of Disaster BeEmant and Climate Government

Department of Disaster Mamagnt and Climate Government

Department of Disastendgement and Climate Government

Government

Research Institutes
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10 Mr. LaeManivong

11 Mr.KhamphoneMounlamai

12 Mr.BounmanhKeomolakoth

13 Mr. KhamsenOunkham
14 Mr.KaisonePhengsopha
15 Mr. SivangXayavong

16 Mr. XaythavoneSihanath

17 Mr.Phouthasomelnthavong

18 Mr, HoumphanPhaduangdeth

19 Mr. BounchanDouangvilay

20 Mr. PhiengsavanhThammasith
21 Mr. Viengsavanh

22 Mr. KeophaseurthChanthaphime

23 Ms. Keophouthonelnthavong
24 Mr.PhetmixayKasermsouk

25 Mr. RubenitoLampayan
26 Ms. PanyVanmanivong
27 Ms. TitaroseVijitpan

28 Ms. ParichatBorkham
29 Mr. Uwe Singer

30 Ms. SomesanithMounphoxay
31 Mr.

SomesavanhSivilay

32 Mr. Chansome

Institute, MONRE

Department of agriculture, MAF @owment
National Agriculture and Forestry Research InstiResearch Institute
(NAFRI), MAF

National Agriculture and Forestry Research IngtiResearch Institute

(NAFRI), MAF

Department of Forestry, MAF Goresnt
Faculty of Forestry NoUL Acaide

Department of Energy Managem®&ftEM Government
Department of Transport, MPW Government
Department of Urban Plapaimd Housing, Government

MPWT
Public Work and Transport Research Institute, Research Institute
MPWT

Department of Technologg Bmovation, MST  Government
Department of Internati€ooperation, MPI Government

National Economic Research Institute (NERI), MRésearch Institute

Department of Inteynat Personal, MoFA Government
Department of Internaidtinance, MoF Government
Department of Industry Pssc#1IC Government
IRRI International

Organization
IRRI International
organization
MRC International
Organization
MRC International
Organization
IUCN International
Organization
Second National CommunitdENC) Project  Project
(MoNRE/UNDP)
Second National Communicat8%C) Project  Project
(MoNRE/UNDP)
wWB International
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33 Ms. DouangchaiSichanthavong

34 Mr. OudoneTamixay
35 Ms. VathsudaNilathxai

36 Mr. MoneNouansyvong

Organization

LBD Private
Faculty of Environment Scienc&lOL Academic
Faculty of Environment SciendUOL Academic

Consultant, TNA project

Project

Annex 4: List of key stakeholders involved in theg¢chnology prioritization workshop

No Name Organization/Institution Type of
organization/
institution
1 Mr. XayavethVixay Department of Disaster Managetremd Climate Government
2 Mr. SyamphoneSengchandala Change, MONRE
3 Mr. BountheeSaythongvanh Department of Disastenddement and Climate  Government
Change, MoNRE

4 Mr. VanthonePhonnasan Department of Disaster ymant and Climate  Government
Change, MoNRE

5 Ms. MonxamSothipmany Department of Disaster Manzgnt and Climate =~ Government
Change, MONRE

6 Ms. ChindalakVilanon Department of Disaster Marmagnt and Climate Government
Change, MoNRE

7 Ms. ThounheuangBuiyavong Department of Disastend¢ement and Climate  Government
Change, MoNRE

8 Mr. KeoKorakoth Department of Forest Resourcesdgement, MoNREovernment

9 Ms. ChandaSouliya Department of Environment Pt@mnpMoNRE Government

10 Mr. SackdaPhixayavong Department of Water RessyiMoNRE Government

11 Mr. ThongsaySihalath Department of Land ManagenioNRE Government

12 Ms. Chansouk Si Oudome Department of MeteorotogyHydrology, MONRE Government

13 Mr. PhimphacksomphanPhalakhddepartment of Livestock and Fishery, MAF Governinen

14 Ms. PhouNguenPhosalath Department of Agricu/tuieF Government

15 Mr. SyammoneSisongkham Department of IrrigatMAF Government

16 Mr. PhousithPhoumavong Department of Agricultamd Forestry Extension  Government

Services, MAF
17 Mr. SouksomeSomechai National Agriculture and Forestry Research Ingtitut Research Institute

(NAFRI), MAF
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18
19
20
21
22
23
24

Mr. SithongThongmanivong
Mr.KaisonePhengsopha

Mr. ViengsoukSanapanya

Mr. SengchanPhasaiyaseng
Mr. HoumphengTheuatbounmy

Mr. Phouthasomelnthavong

Faculty of Agriculture, NUoL
Faculty of Forestry, U
Faculty of Forestry NoUL
Department of Energy dement, MEM
Department of Techyalod Innovation, MST
Renewable Researtitutas MST
Department of UrbanHmasing, MPWT

Academic
Academic
ademic
Government
Government
Research Institute

Government

25 Mr. LamkhaXayasan Public Work and Transport Begelnstitute, MPWT Research Institute

26 Ms. VilaykhamLathsaad National Disaster Managen@dfice, MSWF Government

27 Dr. Simone Nampanya Center for Malaria Contvti?H Academic

28 Mr. Latsamyinthavongsa Department of Water &éinit and Hygiene, MPH Government

29 Ms. BounthanomePhimmasone Center for Water &amitand Hygiene, MPH Government

30 Ms. LathsamySouthammavong Faculty of Environnsa¢nce, NUoL Academic

31 Mr. HoumphengTheuadbounmy Renewable Energy R#saad Development CenteResearch Institute

MST

32 Ms. KhamnangKhounphakdy National Economic Res$ebustitute, MPI Research Institute

33 Mr. PhiengsavanhThammasith Department of Intemnal Finance, MoFA Government

34 KhamphoneLueangvanh MRC International
Organization

35 Mr. MoneNouansyvong Consultant, TNA project

36 Ms. LathsoudaVilathxai Faculty of Environmentebce, NUOL Academic

37 Ms. LathdavoneBuaphaseut Faculty of Environnsaignce, NUOL Academic

38 Mr. OudonTavamixai Faculty of Environment SciendUOL Academic

Agriculture Sector

Name Organization/Institution Type of organizationinstitution

1 Mr. SyamphoneSengchandala Department of Diskiiaagement and Climate Government

N O OB~ WDN

Ms. MonxamSothipmany
Ms. ThounheuangBuiyavong

Ms. ChandaSouliya

Change (DDMCC), MoNRE
DDMCC, MoNRE
DDMCC, MoNRE

Department of Environment Pt@noMoNRE

Mr. PhimphacksomphanPhalakhone Department ofskdok and Fishery, MAF

Ms. PhouNguenPhosalath

Mr. PhousithPhoumavong

Department of Agricultviil-

Government
Government
Government
Government

Government

Department of Agriculame Forestry Extension Government

Services, MAF
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8 Mr. SouksomeSomechai National Agriculture and Forestry Research IngtitiResearch Institute
(NAFRI), MAF

9 Faculty of Agriculture, NUoL Academic

10 Ms. LathsamySouthammavong Faculty of EnvironnSam¢nce, NUoL Academic

11 Mr. MoneNouansyvong Consultant, TNA project Bréey

12 Ms. LathdavoneBuaphaseut Faculty of EnvironmhbipL Academic

13 Mr. VanthonePhonnasan Department of Disasteralgiament and Climate Government

Change, MONRE

14 Mr. SackdaPhixayavong Department of Water RessIIMONRE Government

15 Ms. Chansouk Si Oudome Department of Meteorobogy/Hydrology, MoONRE Government

16 Mr. SyammoneSisongkham Department of IrrigatMdAF Government

17 Ms. VilaykhamLathsaad National Disaster Managen@dfice, MSWF Government

18 Dr. Simone Nampanya Center for Malaria Contviti?H Government

19 Mr. Latsamylnthavongsa Department of Water @&#ioit and Hygiene, MPH Government

Forestry Sector

Name Organization/Institution Type of organizationinstitution

1 Mr. XayavethVixay Department of Disaster Managetrand Climate  Government

2 Mr. BountheeSaythongvanh Change, MONRE

3 Ms. ChindalakVilanon DDMCC, MoNRE Government

4 Mr. KeoKorakoth Department of Forest Resourcesdgament, Government
MoNRE

5 Mr. ThongsaySihalath Department of Land ManagemédaNRE Government

6 Mr. SithongThongmanivong Faculty of Forestry, NUo Academic

7 Mr. ViengsoukSanapanya Department of Energy Mamsant, MEM Government

8 Mr. SengchanPhasaiyaseng Department of Technalogynnovation, MST Government

9 Mr. HoumphengTheuatbounmy Renewable ResearditubestMST Research Institute

10 Mr. HoumphengTheuadbounmy Renewable Energy Reésaad Development Research Institute
Center, MST

11 Mr. OudonTavamixai Faculty of Environment, NUoL Academic

12 Mr.KaisonePhengsopha Faculty of Forestry NoUL adamic

13 Mr. Phouthasomelnthavong Department of UrbanHmesing, MPWT Government

14 Mr. LamkhaXayasan Public Work and Transport Begelnstitute, MPWT  Research Institute

15 Ms. KhamnangKhounphakdy National Economic Re$ebostitute, MPI Research Institute

16 Mr. PhiengsavanhThammasith Department of Intenmal Finance, MoFA Government
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17 Ms. LathsoudaVilathxai

Faculty of EnvironmentJoL

Academic

18 Ms. BounthanomePhimmasone

19 KhamphonelLueangvanh

Center for Water &amitand Hygiene, MPH
MRC

Government
International

Organization
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Annex 5: Sensitivity analysis of the criteria and sore of technologies

Forestry Sector:

Technology Rank

Technology Name

Technology option 1
Technology option 2
Technology option 3
Technology option 4
Technology option 5
Technology option 6
Technology option 7
Technology option 8
Technology option 9
Technology option 10

Optimal forest plantation

Effective law enforcement

Optimal agro-forestry

Effective forest fire control

Sustainable production forest management
Sustainable community forest management
Effective conservation forest management
Forestry and agro-forestry research
Capacity building on GHGs mitigation
Restoration of degraded forest

Criteria: <Cost/Investment>

Sensitivity analysis - Technology ranking

15%

-15% -10% -5% 0% 5% 10%
Technology option 8 1 | Technology option 8
Technology option 9 2 Technology option 9
Technology option 2+ = = ===~ ==~~~ =~~~ oo ToTTTTTETTT E i e = Technology option 2
Technology option 4 4 Technology option 4
. 5 .
Technology option 1 . 6 . # Technology option 1
Technology option 3 Technology option 3
Technology option 7 7 Technology option 7
g =
Technology option & 9 - Technology option 6
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Sensitivity analysis - Technology ranking

Criteria; <GHGs Reduction>

-15% -10% -5% 0% 5% 10% 15%
Technology option = = === —- - === = ==-- ol t + “““““““““ Lol el < Technology option 1
Technology option 10 2 Technology option 10
Technology option 2¢ = : " = Technology option 2
Technology option 5 4 Technology option 5
Technology opt!on 6 Technology option 6
Technology option 7 ) Technology option 7
---------- FA - - - __
=== kF----------"" T T TTTTT==--- - - - - __ )
Technology option 3= = = = = = 7 gk T 4 Technology option 3
Technology option 4¢ * Technology option 4
Technology option 9 Technology option 9
10 -
Sensitivity analysis - Technology ranking
Criteria: <Reduce air pollution>
-15% -10% -5% 0% 5% 10% 15%

. . . 0 . . )

Technology option 4« = = = = = = == === === ~— s m s ok il ol * Technology option 4
Technology option 10 2 Technology option 10
Technology option 3¢ == = = ===~ === ===~ ¥o---o--TmmmTmmT 3 et Frmmm s e % Technology option 3
Technology option 5 4 A Technology option 5
= 51 -
Technology option 2 - 6 o = Technology option 2
Technology option 6 Technology option 6
Technology option 7 7 Technology option 7
Technology option 9 8 Technology option 9
———————— F¢ -
__________ *------" Tt —e— o ____ )

Technology option = = == =~ 0+ T TTT=== ¢ Technology option 1
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Sensitivity analysis - Technology ranking
Criteria: <Reduce environmental negative impacts>
-15% -10% -5% 0% 5% 10% 15%
Technology option 10 1 Technology option 10
Technology option 2* = 28 = - - Technology option 2
Technology option 5 3 Technology option 5
Technology option 7 4 Technology option 7
B ittt e . - —— -
Technology option4# = = == === ===~ 6l S TTTTTTETes % Technology option 4
Technology option 6 Technology option 6
e mmm—— T T Lok il A —-————
Technology option3 = ===~ ~~~ =777 S 4 Technology option 3
Technology option9- ~~~~~~_______ G mm e Technology option 9
_______ *--=-----" “‘--——0-_________

Technology option & ===~~~ 77 1 e ¢ Technology option 1

Sensitivity analysis - Technology ranking

Criteria: <Employment>

-15% -10% -5% 0% 5% 10% 15%

. . . 0 . . )
Technology option 1+ = = = = = = == === === ~— L ol ol e et Lot * Technology option 1
Technology option 5* = 27 = ® Technology option 5
Technology option 6 31 Technology option 6
Technology option 7 4 - Technology option 7

~ B - --=-==sss=zzz=-= E=====
Technology option3- ~ 7 T T T e e s e = = = Technology option 3
Technology option 10 61 Technology option 10
T %
Technology option 4¢ g - * Technology option 4
Technology option 9 Technology option 9
______ |
--------- Bo---""77 * —---—__—."‘-‘—-——_

Technology option 2% = — =~~~ e B Technology option 2

83



Part I- Technology Needs Assessment Report

Lao PDR
Sensitivity analysis - Technology ranking
Criteria: <Gender equity>
-15% -10% -5% 0% 5% 10% 15%
. . . 0 . )
Technology option3r = = == == === === -~ — Ao F-mmmm o - il 4 Technology option 3
Technology option@ = = = =~ =~~~ ===~~~ S 2 S ST e s ® Technology option 6
Technology option Z = 3 = = Technology option 2
Technology opt!on 8 4 Technology option 8
Technology option 9 5 Technology option 9
6 -
Technology option 7 7 Technology option 7
Technology opton10- ~ PP Technology option 10
________ -------"""" T T T T mem—e e ___
Technology option ¥ ==~~~ 7~ e mmm === S mm—mm e ___ LT ¢ Technology option 1
Technology option5- — =~ — -~~~ ~"7"" agk - T T * Technology option 5
Sensitivity analysis - Technology ranking
Criteria: <Balance urban and rural development>
-15% -10% -5% 0% 5% 10% 15%
Technology option 6~ = = = = == = ===~~~ == Sl r } ---------- S ® Technology option 6
Technology option Z = 2 = = Technology option 2
Technology option 3 3 .
Technology option 8 Tec:no:ogy opt!on :
Technology option 9 4 Technology optlion
5 Technology option 9
6 -
Technology option 7 7 Technology option 7
Technology option 10 S Technology option 10
______ ¥e—m=m————— 7 ___"“‘————;p________
Technology option5¢ ===~~~ 7~~~ e e m = ¥ mm—mmm . * Technology option 5
Technology option4< - == -~~~ ~~"77" 0 S * Technology option 4
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Sensitivity analysis - Technology ranking
Criteria: <GDP/Income/Yield>
-15% -10% -5% 0% 5% 10%

. . . 0 . .
Technology option1& = = = === == === ==~ Aoinin e Feg-mmmmmm - R i * Technology option 1
Technology option 3¢ = 2% ‘ % Technology option 3
Technology option 5 3 Technology option 5
Technology option 7 4 Technology option 7
Technology option 6 6 | Technology option 6
Technology option 9 7 Technology option 9
Technology option 10 Technology option 10

g -
Technology opton8- =~~~ ___ Iy i _______ Technology option 8
______ ----—--""" T T —-m- o ______

Technology option & ===~~~ 777 Q@K -— T T T T B Technology option 2

Agriculture Sector:

Technology Rank Technology Name

Technology option 1 Biogas

Technology option 2 Appropriate Water Management for Paddy Field
Technology option 3 Promote Use of Adapted and High Production Cattle
Technology option 4 Agricultural Soil Carbon Management
Technology option 5 Organic Farming

Technology option 6 Integrated Farming

Technology option 7 Fodders Improvement and Appropriate Feeding
Technology option 8 Crop Land Management

Technology option 9 Land Suitability and Ecosystem Based-Agriculture
Technology option 10 Crops Residual to Energy

85



Part I- Technology Needs Assessment Report
Lao PDR

Sensitivity analysis - Technology ranking
Criteria: <Cost/Investment>

-15% -10% -5% 0% 5% 10% 15%
. . . 0 . L '
Technology option4¢ = = = == === == ===~ ~ omm s == o e i ottt i = Technology option 4
Technology option5* = = ==~ ==~~~ ===~~~ oo o oo T T 2 FoTm s s e s ® Technology option 5
Technology option 6 3 Technology option 6
4
Technology option 7 J_ Technology option 7
58 =
Technology option 2= & 6 N E Technology option 2
Technology option 3 Technology option 3
Technology option 8 71 Technology option 8
8
Technology option10- -~ _____ G4 —m e Technology option 10
_______ >~ -----" T T ___
Technology option & ===~~~ 77 0T TTT==- ¢ Technology option 1
Sensitivity analysis - Technology ranking
Criteria: <GHGs Reduction>
-15% -10% -5% 0% 5% 10% 15%
. . . 0 . L '
Technology option 1+ = = = = = = == === === ~— L ol ol e Lot * Technology option 1
Technology option 8 2 | Technology option 8
Technology option 7 3 | Technology option 7
4
Technology option 10 Technology option 10
IS ¥mmmmmm === e e . mm )
Technology option 4+ == ==-=~-=-===77="" " " | T T T T T s e e * Technology option 4
Technology option 5 61 Technology option 5
@ - T T [ i * - - -
Technology option®- ==~~~ =~ 77 "7 Lo T T T e @ Technology option 6
Technology option Z B 9 - = Technology opt?on 2
Technology option 9 PRy Technology option 9
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Sensitivity analysis - Technology ranking
Criteria: <Reduce air pollution>
-15% -10% -5% 0% 5% 10% 15%
. . . o . )
Technology option = = === —- - === = ==-- ol t + “““““““““ - < Technology option 1
Technology option 10 2 | Technology option 10
Technology option 8 3 Technology option 8
Technology option 4¢ * 1 * * Technology option 4
Technology option 5 5 Technology option 5
Technology option 7 6 Technology option 7
T ¢------—--"""°-°°7°7 [ ol & —m e _ )
Technology option6> — =~ = =~ 8 @ Technology option 6
Technology option 3= B 9 n = Technology option 3
Technology option 9 108 - - Technology option 9
Sensitivity analysis - Technology ranking
Criteria: <Reduce environmental negative impacts>
-15% -10% -5% 0% 5% 10% 15%
. . . 0 . )
Technology option 1+ = = = = = = == === === ~— - - s s === Fe--mmmmm - - - * Technology option 1
Technology option 4+ = = = ===~ == ===~~~ o T oo X Technology option 4
Technology option5¢ = = = === === ===~~~ Koo oTo T T T E T et Fommmm o * Technology option 5
4
Technology option 8- < Technology option 8
Technology option 10 57 Technology option 10
6 -
7
Technology option 7 8 l Technology option 7
Technology option 6 : 9 N © Technology option 6
Technology option 9 Ty . Technology option 9
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Sensitivity analysis - Technology ranking
Criteria: <Employment>
-15% -10% -5% 0% 5% 10% 15%

. . . 0 . . )

Technology option5¢ = = = == = = === ===~ — oo s s s Pr--mmmmm oo Fmm s s s s * Technology option 5
Technology option 10 Technology option 10
Technology option - = = = = === ==~~~ oo oT T o ¥y - e i @ Technology option 1
Technology option 7 4 Technology option 7
_____ ettt it VA
Technology option 4« = ===~~~ =77 b TTTTTTEEEes X Technology option 4
Technology option 8 7 Technology option 8
_______ e---------"°77°7~° T T T T T T e — e e _
Technology option6> -~ ~-~~~-~~~~ S @ Technology option 6
_______ hA-—-—-—=-——""7 _-_"“‘-———*-_______

Technology option 3 ==~~~ =77 9T T 4 Technology option 3
Technology option 9 16 L - - Technology option 9

Sensitivity analysis - Technology ranking

Criteria: <Gender equity>

-15% -10% -5% 0% 5% 10% 15%

. . . 0 . . )
Technology option5¢ = = = = == == ===~ =~ Fom s s s Promrmmm e o Fmm s s s e * Technology option 5
Technology option6 — = = ===~~~ ===~~~ oo oo T T 2 i ST s s e ® Technology option 6
Technology option 7 3 Technology option 7
Technology option 8 4 Technology option 8

. - mm—=----c S e Fmm e )
Technology option # = =====--======"— | T T s s # Technology option 1
Technology option 3 6 Technology option 3
Technology option 4 7 Technology option 4
---------- L e e
G e e e —————————T B-=-=---" T TTT==- L .

Technology option 2+ — = = =~ =N ® Technology option 2
Technology option 9 10 Technology option 9
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Sensitivity analysis - Technology ranking
Criteria: <Balance urban and rural development>
-15% -10% -5% 0% 5% 10% 15%
. . . 0 . . )
Technology option5¢ = = = == = == == ===~ — oo s s s Pr--mmmmm oo Fmm s s s s * Technology option 5
Technology option - = = = = == === == ===~ Aottt 25 chni Al R it + Technology option 1
Technology option 7 Technology option 7
4
Technology option 8 Technology option 8
Technology option 10 Technology option 10
J e i b - e __ - - -
Technology option3r == ===~ ~-~-~-==777=7"7%2 " | TTTTT T e = Technology option 3
Technology option 4 Technology option 4
Technology option 6 Technology option 6
9
Technology option 9 16 L - - Technology option 9
Sensitivity analysis - Technology ranking
Criteria: <GDP/Income/Yield>
-15% -10% -5% 0% 5% 10% 15%
Technology option 10 1 Technology option 10
Technology option ¥ N 2 * — % Technology option 1
Technology option 5 3 Technology option 5
Technology option 7 4 Technology option 7
5 -
Technology option 8 6 Technology option 8
Technology option 3 = 7 = = Technology option 3
Technology option 9 Technology option 9
B ¢-------"""°"°7°7°7 S T & e ___ ]
Technology option6 — =~ = =~ o memmmmm === 9 - - _____ .. ® Technology option 6
Technology option® - == - -~~~ ~7"77"7 agk - T T B Technology option 2

89



Part I- Technology Needs Assessment Report
Lao PDR

Sensitivity analysis - Technology ranking
Criteria: <SMES/MSMEs>
-15% -10% -5% 0% 5% 10% 15%
. . . 0 . L '
Technology option 10 Technology option 10
Technology option - - = === - = —-—-===-==~ Aot 25 chni T T T s T s * Technology option 1
Technology option5¢ = = = ===~~~ ===~~~ KoomooooTTTTE T et e e * Technology option 5
4
Technology option 7 Technology option 7
Technology option 8 5 Technology option 8
_______ -——--"‘_‘__—___6' T T T T T T e e e e e — e _
Technology option3s ==~~~ =~~~ e 4 Technology option 3
Technology option 9 S Technology option 9
_______ M —m—m——T 7 _-_“‘--———x-________
Technology option4¢ ==~~~ =7~ oemmmmm == S¢ - _____ .. T * Technology option 4
Technology option®> — =~~~ -~~~ """~ 46w - TTTTT e @ Technology option 6
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Annex 6: Technology Factsheets for selected techngies

Forestry Sector
1.

Technology Name Effective Protected Area Managemer

Introduction

The national protected areas are new allocate@dds.LThe system has been legally setup in 1998asd
been developing to the present. According to engds, in 1986 there are some priority sites fotquted
areas. Between 1988 and 1991, Department of Fpi@®DF), Lao Swedish Forestry Programme (LSFP)
International Union for Conservation of Nature (INCconducted reconnaissance surveys of potential
protected areas in Laos. By 1991, there are sigitdble areas were identified and recommended for
management planning and additional areas are fiehéis priorities areas for assessment. In 1983 #o
prime minister’'s decree 164 established for th& fi8 national biodiversity conservation areasthed_SFP
begins management planning in four NBCAS. In y&@85land 1996 there were two more NBCAs added i
the system, XeXap and Dong PhouVieng, which thexdaally 20 NBCAs in Laos (William Robichawd al.
2001).

and

Technology characteristics

Generally, all protection forests belong to theggowment, which includes five main level organizasiédrom
national to local levels: Ministry of natural resoe and environment, ministry of national secugingvincial
agriculture and forestry, district agriculture docestry and local village authority. The procefgrotected

area organizing and managing is conducted follovi@ug main steps.

1. Identify priority areas for biodiversity consation

2. Define approximate boundaries and secure ttesdegally

3. Consult with local stakeholders to determinérthee
boundaries

4. Calabortively define the final, specific NBCAlwwaries

Resource: (William Robichauet al.2001)

Status of technology in the country
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Laos is one of the few countries in South -Asia that still allocated a large area of natiquraitected zone
since early 1990s for major roles of biodiversippnservation and watershed management. There are 20
protected areas in the country and covered overdf2¥e total country area. These national pretteireas
distribute in all parts of the country (southeranital and northern), See map 1. There are foel le
managements of protected areas in Laos: Natiomaljrieial, District and Village. All protected a® are
places allocated for variety purposes of forestamgament, which included forest and forestland exagion,
preserving plant and animal species, forest ecesystater resources and other valuable sites ofalat
historical, cultural, tourism, environmental, ediimaal, and scientific importance (National Asseyn®005).
Furthermore, protected areas are also importat&far and biodiversity conservation, which are ssaey for
the world environmental development, especiallynatie changes from the reducing emission from
deforestation and forest degradation (REDD+). pitessure on Lao forests has increased in recert glaa
to its location next to Cambodia, China and Vietnainose forest industries demand big amounts ofdwoo
However, there is an opportunity for protected atesbe developed to participate in a global meishan
called Reduction of Emission of Deforestation aretjfade ForesREDD+). In good condition of forest
management is great opportunity to sell the ci@dibon to Western countries in order to remainasioand
its biodiversity in the future. They do so, be@dsforestation contributes to climate change, wpmses a

serious threat to mankind in Western countriesiasia.

Phu Khao Khoaoy
i o

tHaom F‘|'||_||l )

Champoszso

Xe Pione,
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Figure 1. Laos NPAshftp://www.mekong-protected areas.org/lao_pdr/pa-irta)

Benefits to Economic development

According to data recorded, national protected sam@anagement in La shares largely benefits to bc
national and local people in terms of income, feedurity and infrastructure. The process and itiesvof
national protected areas management involve atyasfdand allocation, which locate a clear landibdary
between to village to village and as well as dididend use planning in the villages for their agitigral
production. The activity of land use planning i af the factors to give sufficient agriculturahdts for the
local people in order to support food security floe villagers. National protected area manageratsut
conducts activities of linking local villagers tbet markets, supporting natural resources manageme
sustainable use in the village. For example supmprion-timber forest products management andzatitn
in the areas, the process also emphasise incraasimge and improving the quality of life and livedod for
the local people. In the rural area where the @eeper capital income is less than $ 400, the sabfienon-
timber forest products consumed annually per fafmiy been estimated at $ 280, which represent8%fd
the nationwide GNP (William Robichawd al.2001). Furthermore, ecotourism is another activitigich was
first organized in the northern part of Laos at Mammational protected area, Louangnamtha Provifides
kind of activity shows great potential to benefittbe local stakeholders, who live in the natiopedtected
area. It can be an important key of local peophepty alleviation together with a strong link beem income
generation and biodiversity conservation in the @figure 1). The Lao national tourism authoréparts that
while most tourists to Laos concentrate about 7@x&taction in natural tourism (William Robichaed al.
2001). This great potential is strong to graduabypand ecotourism to other national biodiver
conservation areas. At the same way, nationaepted areas development also gains a great palt
development of infrastructure, example, road, Idualp service station, school and as well as atwe

electricity to the villages.

nt

5ity
Nt

5S
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m Village food & lodging
m Village development fund
= Food purchased in Loung Nam
E Transportation
B Guilde fees
NBCA permit
Provincial tourism
Operating costs & profit

Figure 1: socioeconomic impacted from Namha natipnatected area ited from (William Robichauet al
2001)

Benefits to Environment devel opment

National protected areas benefit not only on s-economics, but it also contributes greatly on hydrop¢
and environmental development in terms of waterghetection and carbon dioxile reduction. Rep
confirm that national protected areas heignificant impactson some hydropower productivity, exnvpater
flow. According to landscape and geographic, Laasdhuge potential developmnt of hydropower basec
dams construction. However, it also needs othi@rigcsupporting for its producvity, example, and natur
forest management relating to national protectedsar This is in order to protectvatershed ¢
environmental development. The Government of LA& Pecognized that water esource of 60.4
m®/year/capita have impacted from national proteareds manageme(William Robichau et al. 2001).
Mostly, national protected areas are located atutad areas where they are mourtainous with highes,
therefore, forest and biodiversity that are gooshagement in the areas can protct land erosion. As nal
protected areas contribute great benefits for hyalr@r development and as this eason the government t
deduct some annual gross inaof hydropower for national protected areas managemeainie, the
Namthuen Two hydropower has agreed to pay $1 miflier annum supporting fonational protected ar
management (CIEM 2003).

Climate change mitigation potential

There are varieties potential factors applicatimnsational protected areas in Laos such as, lawn
regulation. Laos has a clearpporting law and regulation for organizing andhaanadimgiional protecte
areas in the country. According to the Prime Maris Degree 164 established national protected are

National conservation forests, which mapped atA @I scales. he national protected areas manager
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systems have three main objectives: (i) proteatidiorests, wildlife and water, (ii) maintenancenaitural
abundance and environmental stability and (iiiX@ecbon of natural beauty for leisure and researfihe
decree has prohibitions on the following activiiieshe national protected areas: (i) any cuttind eemoval
of any of timber except for research purposesh(inting, fishing or NTFP collection without spécif
authorization each time from Ministry of Forestt@F) and Department of Forestry (DoF); any actidty

mining, and construction of reservoirs or road$wit government permission.

Another forestry law established in 1996, artickeadso provided more detail for national protecieshs,
which defines the role of protection forests asansiied protection, erosion control, national ségamnd
prevention of natural disasters. The system hgtgyhpotential contribution to biodiversity consation.
Furthermore, there are other international agre&néimited Nation Convention on the protection of
biodiversity (CBD) and ASEAN Membership, which atiree on the principal legal instruments for
conservation of Nature and Natural resources, #sawevorld heritage convention under the auspites
UNESCO.

2.

Technology Name Optimal agro-forestry

Introduction

Optimal forest plantation, in the TNA context reféo the agro-forest that promotes in the suitalda and
generates maximum benefits and in sustainable maforethe area or land use. However, it lacks of
information and assessment of such system in eod#efine what types of agro-forestry is optimattia
regions. So instead of assessment and describe®ptimal agro-forestry system, this factsheet pled

information on agro-forestry in general as a meauridrther exploration of optimal forest plantation

The agro-forestry is defined differently from orgeg practitioner and evaluator to another. Na@9l@efined
that agroforestry is land-use systems and techresdaghere woody perennials are deliberately useth@n
same land-management units as agricultural crop®aanimals, in some form of spatial arrangement o
temporal sequence. As in the Wikipedia, agro-toyas an integrated approach of using the intéract
benefits from combining trees and shrubs with ceopd/or livestock. It combines agriculture and $bne
technologies to create more diverse, productivaitpble, healthy, and sustainable land-use systamadrees
on farms in short.

Technology characteristics

Agro-forestry is an integrated approach whiclenerally, includes composition of trees with cr
(agrosilviculture), trees with crops and livestdelgrisilvipasture), trees with pasture and livektegstems

(silvopastoral) on the same piece of land. Thislwioation is to maximize the benefits from the systnd or
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provide products all year rou. So the trees, crops, pasture /or livestock can bediversified anc grown
together at the same, mean time, in rotation, @eparate plots but theyan be perennial or long term. Th
depends on design including suitability of the egsiand location. However, all the compositions sgppto
be compatible and benefit one another from interast On the other hand, it is necessary to balandeor
complimentary between the functional (productivegtgctive and multi-purpose) and ecological (bexiaffi

composition and interaction) based approach.

Overall, the agro-forestry are developed throughftiiowing stages and tasks:

Stage Basic task

1. Definition of the lan-use systel, landsitesuitability and selectiol

1) Setting/Physical characteristics (including altéudlimate mate (temperature,
rainfall etc), slopes, water supplies, soil comdtitivisible erosion) in order for
evaluating the need and suitability for agro-fanesystem and techniques

2) Existing land use, tenures and agro-forestry systémehnologies, local
knowledge and perception on the agro-forestry ulioly its benefits (for
suggesting the kind of subsistence products thagam-forestry system would
enhance)

Diagnostic 3) Market including sales and purchases of agro-forgsbducts (fruit, fodder,
firewood etc.). This provides data for economiclgsia, and indicates
opportunities to replace purchased items or to ma@ales by raising agro-
forestry products.

4) Constraints and opportunity for access to technotogl finance, farmer
capacities and markets

5) Site selection based on the assessment mentiongd ahd alsother criteria. Fg
example if agro-forestry is designed for carborusstration via Clean
Development Mechanism (CDM), CDM'’s specific crigedr requirements are
needed to be considered for site selection.

2. How to improve the syste or agreforest could provid?

1) List potential benefits of an agro-forestry system

Design and 2) List agro-forestry production needs (meet food sgguncrease production to

planning meet market demands, conservation, carbon sedi@staad so on)

3) Adoptability considerations: social and culturategtance; importance of local
knowledge, practice and capacity; as well as equntygender issues

4) Characterise and plan for the compositions or Bys{grees, crops, grasses,
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livestockdesired by minimum space rerementswater and fertiliser need
shade tolerance etc). The planning should consitiether the system is
temporary or long term/permanent so that the sysembe adjusted according
the desire. The design and planning should follesvformat or requirements if it
is for CDM and REDD+ mechanism.
5) Evaluate the environment, socioeconomic of eactesysr composition
6) Select the system or composition to be used

—
O

) On-farm trials of proposed ac-forestry model anc analyse impacts cthe systen
Implementation| ] ] ) ]
including testing harvesting regimes

1) Measure the inputs and outputs of the sys
2) Socio-economic benefit assessment

Monitoring and _ - _ _
3) Soil nutrition, moisture, land use/tenure and wsited impacts and carbon

evaluation .
sequestration

Source: modified from Raintree, 1986; Martin an@®man, 1998; FAO, 1991

Potential application in the country

The agr-forestry especiallyTaungya system would be one of the most potenpali@tions of fores
plantation in Laos. First reason is that agria@tproduction sector is being one heading secttusiag in
development by the government. This is in ordeh&awe sufficient food for Lao people and increasing
agriculture products for exporting. Taungya Systis model that grows forest mixed with some shrte
rotation cash crops, example, rice, pineappleupasthilli and banana. This system will creaiealgeople
income for both short and long terms. The sharhtecomes are from agricultural crops and thelbig
term benefits are from tree products. Furtherm@p@p of Lao people are still poor and they needrnme for
every day for food and healthcare and by the wasy have limited land for grow tree and plant casips,
therefore, Taungya system of forest plantation wdog a good for the local people. In addition, $bre
plantation in Laos would be better selected foghtrispecies which are suitable growing well in ta®s
geographical conditions, and as well as a stabfe @nd both high demand from national and intéonat

markets in the future.

Status of technology in the countr
The agr-forestry has been applied by Lao famers for yeHns.practices vary in degrees of intensity wh
ranges from just a simple to advanced or complitaieicultural system with different crops andetse

The Taungya, intercropping, home garden and lifemges is also a common practice. The alternatiyve-a
forestry systems that aim for improving plant rerti management and soil erosion control such amwaon

hedgerows, alley cropping, and biologically enrith@llows are recently introduced (Hansen P.K and
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Sodarak. H, 199¢ The main practice are in tiform of home gardens, rotational or intercroppiggtems,
NTFP-plantations, improved fallow practices, fishdasystems and livestock grazing practices (Soddrak
al, 2003).Some of the composition or systems are as deschidlew.

Taungya system, in Lao, has established growingdmxith others term agricultural crops, such mahéli,
banana and some fruits tree species (Table 1)s §ystem has been practised mainly by private halde
with small scale areas. The system has also gnoainly with teak and rubber tree species in théheon and

central parts of Laos.

Table 1: Teak intercropping plantation system in Laos(Rodewet al. 1995)

Teak intercropping with othe Percent of respondents (

crops Year ] Year 2 Year @ Year ¢
Rice 52 20 5 -
Banani 5 5 - -
Rice + Banan 4 5 - 3
Sugar car 7 16 18 -
Banang, sugar car 4 5 5 -
Pineappl 3 2 2 -
Fruit tree: 2 2 2 3
Other annual cro| 9 5 5 -
No inter croj 14 43 63 93

Another form is teak-based rice and paper mulbeuitivation. Most plantation teak intercroppingliaos is
conducted in a space of 3 x 3 m. When planting vigil, teak trees are planted one—two months pléerting
the rice crop. The field preparations for the pcevide a good environment for teak but competifiam rice
can reduce teak growth rate in the first year. irhiercropping system reduces labour required feldf
preparation as well as weed management. The syaleonprovides extra benefits from short term ¢
products for farmers and also provides a good dppity to add more value in the same area (Rodewal.
1995). In contrast, Sihaphon (2007) outlined claiheg there is no significant difference betweesn ghowth
rate of pure plantation teak and plantation mixeith waper mulberryBrussonentiapapyriferaVantDetails
of the study are shown in Table 2.

rop

98



Part |- Technology Needs Assessment Report
Lao PDR

Table = Pure teak and mixed growth rates in Laos afteoéths (Sihaphon (20C

Plot | Number of tree Diameter (cm Height (cm
Teak + paper mulber | Teal | Teak + paper mulber | Teak | Teak + paper mulber | Teak
1 23 62 0.87 0.6¢ 37.21 30.7%
2 32 53 0.62 0.47 40.0¢ 29.3(
3 34 58 0.5t 0.8t 25.8¢ 42.17
4 31 57 0.6¢€ 0.5t 28.3:2 28.01
Average 0.6¢ 0.6¢€ 32.8i 32.5¢

Home garden usually mix up of fruit trees such asgo, papaya, banana, citrus, jackfruit, plum, pepear,
and crops such as sugar cane, eggplants, chilbbacge, beans and pineapples. Intercropping incl
intercropping among job’s tears, paper mulberrmgg,rimaize, pineapple. Sometime cassava, sesanmsna)
chilli and also tree and orchard are planted inxipndy. Living fence includes trees and crops sl
jastropha, eucalyptus, bamboo, cassava and bamgnaximity.

However, in general, the majority is small scatita on the composition, economic return and enmiental
and social benefits from each system including gmadtice is limited and or unclear.

udes

Benefits to Economic developme!

The economic benefit of the ar-forestryincludes:

¢ Maximizing use of the land and land-use efficiency;

e The productivity of the land can be enhanced asré®s provide forage, firewood and other organ
materials that are recycled and used as natutdizers;

e Increased yields. For example, millet and sorghuety increase their yields by 50 to 100 per cent
when planted directly under Acacia albida (FAO, 199

e Promotes year-round and long-term production;

e Employment creation — longer production periodsinegyear-round use of labour;

¢ Reduce needs for purchased inputs such as failzzenutrient can be maintained by legume; cro
diversity, rotation and residues.

Benefits to Social developmel

Qualitativelysocialbenefits of the ag-forestry can be summarized as follow
e Agro-forestry promotes year-round and long-termdption.
¢ Employment creation — longer production periodsiiegyear-round use of labour.
o Livelihood diversification.
e Provides construction materials and cheaper aneé mxwessible fuelwood

[¢)

Benefits toEnvironment developmen
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Qualitatively environmental benefits of the e-forestry can be summarized as follow
e Protection and improvement of soils (especially wiegjumes are included) and of water sources.
e Conservation of natives species and biodiversity
e Can be a good production system for carbon seaiiestr

Climate change mitigation potentia

As for Laos, the actual potential of the eforestry have not been explored. However, refersttamly
elsewhere, agroforestry can play be a key carbqoestrator (Sharrow and Ismail 2004; Kirby and o
2007; Nair et al. 2009) and it is also perceivegliapble to Laos.

Financial requirements and cost

The financial requirement for investment in thea-forestrythough the countris unclear for Lac. This is
due to lack of data on the area and agro-foregstem to be promoted including estimate of invesinoest.
The forestry strategy to the year 2020 of the LBRFMAF, 2005) merely stated that the agro-foresrthe
high priority under plantation development and Niomber forestry product (NTFP) management and regy
technical and financial support. While an agro-$tmg project namely development of agro-forestry
watershed protection and erosion reduction in skélémvith total cost of USD 1.9 million is propaseinder
National Adaptation Programme of Action (2009). Howr, compare to an agro-forestry project propd
elsewhere, the proposed agro-forestry under NAPRagfs is relatively low. An agro-forestry (Silvitute)
namely “healthy and well-managed forest plantatidhat proposed under NAPA of Eritrea expecteat

total cost of over US$$5 million, a five-year prdtjéncluded in the NAPA of Senegal aimed at prommpti

agro-forestry at total budget of US$ 258,000 fdalkelsshing community nurseries, plant growing, afisttion

fo

sed

th

of plantations and rejuvenation of regional for¢sislFCC, 2008a).

3.

Technology Name Optimal Forest Plantatior

Introduction

Optimal forest plantation is not yet welled definadd assessed or lack of information. So instea
assessment and describes such optimal forest {idem&ystem, this factsheet provided informationfarest

plantation in general as a mean for further expimneof optimal forest plantation.

Forest plantation is a form forest development Whin principle, is defined or designed to presesmd to
develop forest resources in order to supply tinaret other forest products in a sustainable mamwoiuding
preserve water resources, soil, aquatic life, viddhnd ecosystem. The development of the plamtatd
usually follow the following principle:

1) Survey the situation of reproductive conditionstrafes species in the forest area that would
planting;
2) Demarcate the area by marking boundary with signs;

d of

be
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3) Select tree species suitable for the forest :
4) Formulate forest plantation plans or projects. prwect is required for registration so that sowts

the products can be checked, leading to ease aheoamlization and transportation of the produg
5) 5. Implement the project, management and maintenanc

ts;

Technology characteristics

Forest plantation in Laos uses both agro-forestryntegrated (Taungya) and mono plantations systg
However, describe below is mainly on the mono @iaoi.

The mono forest plantation system means foresttadian for purely species (one species only atraa)a
This model has been implemented mainly by compaaigsinternational plantation investors with a éar|
scale area. This system has conducted frequeitlyEucalyptus and eagle wood species, which asedbin
the central and Southern parts of Laos.

The spacing of forest plantations depends uporioatafor a long or short rotation and mono or graed
planting. Generally, for a long term harvesting amegrated planting purposes, tree is grown maukehy
spaced. Furthermore, the spacing for forest plamtas highly depended on tree species; some Bpesies
prefer wider space for its growing for example reiblree. On the other hand, some tree speciesry
narrower space for its higher growth and as wetledsicing for its branches, for instance teak ardhkyptus
tree species. However establishing tree plantatiorLaos, 2x2, 2.5x2.5, 2x3, 3x3 and 3 x 7 m anaally
practiced in Laos (Phimmavong 2004). The plantiobp lis dug in advance at 30-45 square width andhgg
which is sufficient to allow addition of manure organic matter for the trees, especially for teakl

eucalyptus tree species. It would bigger hole tdober tree. The best time to plant trees in Lacat ihe
beginning of wet season at the end of May (Laokg dptimum tree seedling for planting is arouncb8Gm
in height which takes at least three months growah@ nursery. The number of seeding depends or
spacing of plantation. For example, teak plantindifferent spacing: 2 x 2 m (2500 trees/hecta2eé,x 2.5 m
(1600 trees/hectare) and 3 x 3 m (1111 trees/hgct@pacing does not appear to be related to tgeegies,
productivity and is dependent upon the number etlisegs and the land area available. There is remsiic

documentation for the best spacing of plantati@k {@MAF 2001)(Ministry of Agriculture and Forestand
Department of Forestry 2001).

Forest plantation thinning and pruning are techrterans which are very important factors for a éagirowth
rate of tree as well as wood quality. The purpdsthimning and pruning is to reduce the numberregs
planted in an area, increase dimensional growth(didmeter and height) and straightness and inepnaxod
quality. In theory, wider space planting allows aeg light for trees and allows trees to grow méater.
However, tree stems are not straight and not &s dwgtrees from narrower plantings. Thinning anthimg
also aims to eliminate defective or infected tré®sn an area and is commonly practiced as a forn
plantation management. There are different globattires in terms of plantation tree age. The esi
depend upon the factors of tree growth rate, aahiarvest plan and market use for the thinningstr

PMS
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Generally, the first thinning should be conductddew trees are four-five years old or when theiropan
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becomes dense. It is recommended to apply a lamitig method and <ection cutting system by cuttir
deformed trees and leaving vigorous well formeddré-urther thinning is carried out when the tresvas in
the stand start to touch each other (Chadiphitt6200

In Laos, over 80% of forest growers do not thin anghe their own tree plantation (Ministry of Agriture
and Forestry and Department of Forestry 2001).Th measons for this may be that the farmers henadl
areas of trees and therefore need to keep altebs,tthere is no market for their thinned treearthere is g
lack of scientific data available to the farmersdaibing the advantages of thinning and pruningcdntrast,

some Lao farmers have conducted teak thinning fidrelnt tree ages (4-15 years, 1-3 times). Theneois

market for small trees from thinning at four-seyears. Therefore, it is preferred to thin plantatieak after
14-15 years. Cut trees can be used and sold far gihrposes (fuel wood and materials for new hg
building), however late thinning will affect treeogvth as well as quality (Ministry of Agriculturend Forestry|
and Department of Forestry 2001).

Two thinning systems exist, mechanical thinningt{ng in system) and selection thinning. The seléaut is
the defective tree, the trees too close to otheidssametimes the smallest or biggest trees. Iresystinning

sees whole lines of trees cut to increase spaointhé remaining trees. Theoretically, plantati@es can be

thinned up to two-three times (depending upon ttation purposes). The percentage of thinning tveeies
between 25% and 60% (Midgley al.2007).

Recent research in Laos by Kham An (2010) invesijgthe average productivity per tree in plantatiak
aged 15 years and grown with three different tlignimodels (selection, mechanical and non-thinr
systems). Results are presented in Figure 1.

Teak productivity from different thinning systems
(Average volume/tree at 15 years)

0.4
0.3¢
0.2
0.2¢
0.2
0.1¢
0.1
0.0¢
0 ‘

Average volume /tret

Mechanical thinning  Selection thinning No thinning

Figure 1: Teak plantation productivity with diffetethinning systems (Kham An 2010)
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Plantation spacing is the most important factordontrolling the number, size and distribution oérches
and knots in plantation trees. Wide spacing is ifabie for the appearance of more knots and branches
(Ngueho 2005).

Potential application in the country

Plantation is anticipated to be a fast growingmes$t su-sector due to policy supports, wood demand
also potential area for the plantation.

Plantation forests have become a priority developramce the government realized that the tota<oared
had decreased dramatically from 70% to 41.5%(MARS20 Tree planting has therefore been strongly
supported by the government (in 1980 the governmentip a national tree planting day on June leaoth
year several tree seedlings are provided to pr@aliand district offices, farmers and private sextm grow
trees nationwide). Furthermore, the Lao governrhastseveral incentives supporting plantation fasash as
exempting land taxes and fees, supporting loadiedittand gaining rights of land use over 35 ydars
plantation forest investment (MAF 2001). Recetitly Lao government has a target to rehabilitatestsror
increase forest plantation up to 500,000 ha by 202QF 2005), increased from 223 000 ha of plantatio
(FAO 2006). The demand for wood for both domessie and export is increasing (MAF, 2005) is one|the
driver for future development of plantation. In #ioh, availability of land such as large degradetkst,
forest land and bare forest area also indicategenpal for the plantation.

However, the development of the plantation is nemlifor a careful planning and approval or optimal
plantation is required as previous land concesaiuh expansion of the plantation was criticised asious
stakeholders ( Phimmavong. S, Ozarska. B, Midgleyand KEENAN. R 2009 and Voladet. S 20Q9).
Furthermore, Laos needs a vision to guide the inadike forest plantation; and also improvementegfal,
administrative procedures, management standarasamuesources, community participation, research|an
information, marketing and financial support (Mielgl 2006).

Status of technology in the country

Forest plantation in Laos hestarted for over 90 years. Rubber treHevenbrasiliens) and teal
(Tectonagrandis which have been grown in Laos in the early 190@%e introduced by French colonialists.
Eucalyptus species were brought to Laos in thel@&9s (Phimmavong 2012). The forest plantatiomng
1900s and 1990s were conducted on a small scalelyrfiar experimental purposes. However, presetiitgre
has been increasing investment in plantation byynsanotors: private, national and multi-national pamies.

There have been three main tree planting boomsaws Lsince 1993. The first occurred in mid 1993 jand
consisted mainly of teak planting by small farmarthe northern part of Laos. The second took pia&900,
consisting predominantly dtucalyptus (globulesnd cladocalyx)planting (led by an Asian Development
Bank loan project), and took place mainly in theteern and central parts of the country. At preseee

o

planting includes many species (rubbeleVeabrasiliensj eaglewood Aquilaria’ and teak) which are useg
in a variety of sectors including internationaltioaal and private sectors as well as local farmeestment
(Table 1). The total estimate of plantation foriestaos is over 146,600 ha, mainly grown in the diedpart
of the country (MAF 2006). However, the figure aids natural forest and plantation areas were ugpdste
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FAO (2010) that total forest area in Laos is 16nfidion ha, comprising of natural forest 14.43limih ha anc
223,000 ha of plantation.

Table 1: Industrial plantation species of Laos (Midgjleyet al. 2007)

No | Tree specie Area (ha Main site growtl

1 Tealk 15,00( Mainly in Luangprabang Provin
(Tectonagrandis (98% belongs to farmers and small private

sectors)

2 Rubbe 12,00( Every part of the country (farmerprivate
(Heveabrasiliensis sectors and Chinese investors)

3 Eagle woo - Mainly grown in the middle part (Vientian
(Aquilaria) Bolikhamxay Provinces) involving farmers

and private sectors.

4 Eucalyptusglobule: 100,00( Central and southern parts, involving mo:
(blue gum)and (expected to | foreign investors.
Eucalyptus cladocalyx 2012)

(sugar gum)

Benefits to Economic development

Plantation forest development has high potentiahtributes to the national economy and is an inguar
source of labour in Laos, especially in rural aréBeimmavonget al. 2009). The cost of plantatig
establishment consists of labour for planting, Begs, fertilization, weeding and many others. Tehase the
predominant source of income for rural workers aos. SomvangPimmavong (2004) reports that the g
revenue for timber sale of Eucalyptus tree plaotatif a rotation of 7 years plantation bringinget Ipenefit of
6,531,202 Kip per hectare for the company, whickgsivalently US$628 (Table 4). Midgley et al (ZD
notes that in Luangprabang Province, it is abo& D5 annual local household income was derived ftioen
timber sale of teak plantation. And the resealsb concludes that in the villages, teak wood petidn was

the second most important agricultural source cbime, which ahead of livestock (Figure 4).

>
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Table 5: Cost structure of Eucalyptus plantatiohadns

Other

Catalogue:! Costs (Kip/hs Revenues (Kip/hi
Net benefits (timber sale at 7 yei 6,531,202 ($62!
Clearing of ground (degraded fort 2,236,00!

Wage to farmers: plantingfertilization,

fencing and fire brake 1,424,320

Wage for farmers: Weedi 300,00t

Annual costs (Kip/yea 173,05t

Other extra cos 1,554,53

Capital (interest =7%/ye: 10,32:

Land tax (net revenue*15¢ 440,23:

Income tax (net revenue*20 586,97!

Sunmr

6,725,438 ($646.6

Source from (Phimmavong 2004)

Benefitsto Social development

Economic aspect of forest plantatio

The cost of forest plantations depend on severabfs such as topography, soil type and remoteoietise
area, as well as labour costs, plantation techyolmgd the intensity of management and rotation
management. Furthermore, cost of forest plantatiso depends on the spacing for growing per hec
Midgleyet al (2007)reported that the cost of a teak plantaitiobaos was estimated between US$1000-1]
per one ha of three year old plantation. Howeveresearch conducted by SomvangPhimmavong (2
confirmed that the cost of Eucalyptus plantatiothi@ Southern part of Laos is about US$ 671.500perhal
for the first year planting. This cost not includesthe land cost (Table 5).
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Table 5: Cost structure of Eucalyptus plantatiohdns

No | Practice Year ( | Year] Yearz Year: Year< Yeart Yeart | Yeari
1 Land 266.5(

2 Fire brea 50.0(¢

3 Roac 15.0(¢

4 Seedlin 100.0(

5 Plantinc 80.0(

6 Fertilize 110.0(

7 Weeding 10C 10C 50 50 0 0 0
7 Fencing 30

8 Other cost 20 20 20 20 20 20 20 20
Sum Total cost: 671.5( | 12C 12C 70 70 20 20 20

Resource: Modified from Somvang Phimmavong (2004)

In contrast, the cost of tree plantations in regi@ountries, the cost teak plantation in Costamiith 3 x 3 m
spacing without genetically improved seedlings ¥S$052 and with genetically improved seedlings
$US1150, calculated as the average per year fofirstefive years (Ballet al. 1999). The cost of a tes
plantation in Indonesia, based upon seed plantpaged 3 x 1 m and 3 x 2 m, with about 25% |
replacement in the first and second years, is $0&Jer ha (Ballet al. 1999). In northern Australia, th
investment cost of a teak plantation is US$1 601000 trees) with rotation at 20 years and a tiroate of

is
1k

pse

around 14 riha/year (ITC professional tree farming 2006).Viatnam, the estimated cost of tree plantation

is about US$539.38 per ha, however, this cost mdudes the cost of fertilizer transportation aeéding
(Phimmavong 2004)

Benefits to Environment devel opment

The forest plantation not just benefits for locabple social-economics for poverty reduction inrin@l area,
but it also improve for environmental issues deprlent in terms of climate change, water resource
stocking for quantities of carbon in the atmospheiecording to the report of MAF (2011) statesttfmaest
plantation at degraded forest areas as an intpgralof rural livelihood improvement. About 40%tbe 3.1
million ha of Production Forest Areas is badly @&efgd, but has sufficient stock, which with protetand
management, will re-grow and sequester substamtianhtities of carbon. Other areas of Productioresis
and parts of Watershed Protection and Conserv&toest Areas are too degraded to regenerate ngtaral
require substantial investment for enrichment fanbr re-stocking (Ministry of Agriculture and Festry
(MAF) and Department of Forestry 2011). Both fonglsntation and natural forests are bringing tarkben
the core objective of ‘reduced greenhouse gas (Get@issions from deforestation and forest degrada]
which can be brought about by sustainable manageofidorests and conservation and enhancementre$f
carbon stocks’. Attainment of the core objective hacome a global concern in view of the effedhofeased

GHG concentration in the atmosphere on global wagnaind climate change. Nevertheless, global sftor

an
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reduce GHG emissions must continue, since vulnerpbpulations are already facing severe consegs
from changing climate and impacts may multiply amgact social, environmental and economic systdras
sustain global populations if global temperaturesemo exceed’® and approach®6 above pre-industrig

levels.

Climate change mitigation potential

The forest plantation plays important roles fomeie change mitigation or carbon sequestration.if¢rease
of forest plantation could increase the carbon estation. Based in thd%greenhouse inventory for the ye
2000 for SNC, plantation is one of two sources afoon sink and if the 500,000ha of forest plantai®
realized as targeted (MAF, 2005), the carbon upbgkirest plantation would be about 3,625kt 0292, Gg
of CO, by 2020 (MONRE, 2012). However, carbon offsetadefs on the area, forest plantation planning

—

and

management schemes or techniques and also exiatidguse where the plantation is located. This m&an

good planning and effective plantation developnvemild increase the carbon uptake or otherwise.

4.

Technology Name Sustainable Community Forest Managemen
(SCFM)

I ntroduction

Lao People’s Democratic Republic (Lao PDR) or Leoa landlocked country, located in the centrakteg
the Southeast Asia with a total land area of 23b.8fuare kilometres. About 80% of the total popoia
usually live in the rural areas and depend heawilyforests for their basic needs, such as firewtiother,
fodder and pasture, foods medicines, water forkdrghand irrigations. Natural forest management ase
are recognized that local forest villagers can &ksdhe resource managers as they live near byetizeirces
and they will have more relationship forests inmerof benefits and participation forest managem
Generally, there are many different definitions @dmmunity based forest management by diffe
researchers across the world, one definition gkieamphay Minivong and Sophathilath (2007) is coming
used, which states that community based forest gesmant is the basic of community forest sciendecl

levels, as well as it would be an initiative of&inable community forest management.

When talking about sustainable community forest agament, it would be discussed for the relation
between people and natural resources for both \®Boglty conservation and sustainable livelihog
Sustainable Community Forest Management is unddetailed plan developed and agreed to by |
communities playing a central with all concernemkeholders to develop the natural forest productsi¢et
with the present needs without compromising thditabdf future generations to meet their own neg

(Maureen H. McDonougtet al. 2002). The approach of community based, whichhe&s communitieg

ent.
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managing the resources, have the legal rights|dt& institutions, and the econor incentive: to take
substantial responsibility for sustained use ofs¢heesources. Under natural resource managemarnt,

communities become the primary implementers, a&ssishd monitored by technical services (Europe&mny

pla

>

project et al. 2004). Others definition a Community Forest isy'aarea of Government Reserved Forest

designated for management by a local community’m@anity Forestry is therefore the control and

management of a forest by local forest users apéreir livelihoods system.

Sustainable Community Forest Management (SCFMgiig important for the natural resources management,

biodiversity conservation and securing the livetiiocof stakeholders, including poor and ethnic nityo
groups. This is because forests are mainly usetidoseholds of local groups, who live nearby forébey
depend mainly for the natural forest for their likeod development, medicine, construction and nep
therefore, it is necessary to involve local commurin the process of natural forest management

sustainable in use.

=

and

Technology characteristics

There are many different characteristics of suatdan community forest management (SCFM) based e
styles and tools of participation process and mameamt planning as well as the scale-site and owipeos
the site. There is a case study in Philippinessifiad the SCFM in three categories based uporbésic of
managements (Lucreciao L. Rebugibal. 2010). 1). Self-initiated sites: this kind of egbry consists 0

f

indigenous management systems predating any SCEwvamtions in the area. It means that this type of

SCFM is developed privately at household level witly local government and stakeholder involvemetié
process. 2). locally assisted site: This coveessiecific SCFM initiatives in which the developmehSCFM

efforts could be largely attributed to partnershigh external entities, sponsors or facilitatorslie process|
3). National programs: This category included b# SCFM sites under the nine national programsef t

national level of SCFM development program.

In Laos, the sustainable community forest managémeniassified for 7 levels of participations bdsm the
process of SCFM planning and management (Khamphayvdhg and Sophathilath 2007): 1). pass
participation, 2). participation in information gig, 3). participation by consultation, 4). pamaiion for
material incentives, 5). functional participati@), interactive participation and 7). Self - matsliion.

In Thailand, the characteristics of SCFM are defibg different local community forest and the loetiinic
minority of the region, Table 1:

Regior Characteristic

North The area is largely mountainous and inhabitevarious ethnic minorities. Mo
community forests in the North are original foresmtsl managed through
traditional beliefs and cultures.
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Northeas Villagers conserve patches of forest at the eddbeif cultivated fields to provic
source of food and medical plants

Wes This area is inhabited mostly by the Karen, whoehadong tradition of fore:
care

Eas Most community forests are mangroves. They weresevhen fores
degradation through commercial logging activitind &rming

Central Plai The region, the community forest are managed baserdhditional belie

Soutt The community forest in this region is conserveorginal forest trees, le
growing intermixed with cultivated practicing attfamily level.

Source: (Sritanatorn 2009)

Potential application in the country

According to the previous practiced, achievemdetsons-learned and as well as some experienaesds
from others neighboring countries, we can recogtied there are many reasons potential applicetor
SCFM in Laos, such as lesser of cost for forestagament and silviculture options, enhancing ndt guay
forest products, but included of plant diversitytie area, a clear of forestry law, regulation supg from
the government, and final potential applicationSEFM is the Lao local people, who have already

background and traditional knowledge of naturatébmanagement.

Cost for forest management and enhancing plant divsity in the area

One of the most important reasons for applicatiGf/8 in the country is to reduce forest restoratiosts. As
many practices at the past, the costs of SCFM iaeivare much lower than forest plantation. loidy
application for SCFM in the country to expeditep@ed up”) forest restoration based on the govertah
restoration forest 70 % in 2020. SCFM takes adymntaf wild seedlings already growing in an areaotR
systems of these seedlings are already in pladeerefore, the trees can grow rapidly when the &se
managed competition is removed or reduced by silui@al practices of SCFM in the villages. A th

important reason for applying SCFM is to enhana@nipliversity. Naturally-regenerated vegetatiofi

almost always comprise a mixture of species. These SCFM produces a more diverse and multi-laye

vegetative cover than plantation reforestation.is iversity helps ensure environmental stabilitg & very

desirable in areas intended for watersheds (pekfxka).

Potential applicability for SCFM based on law and egulation supporting
Sustainable community forest management (SCFMas$e¢h upon the activity of land use planning and

allocation (LUP) in villages. In most villages wkdrtUP is completed, additional rules and obligation the

h

the

an
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utilization of land, including forest rources are agreed upon in land use agreement lretheelistrict an
the village authorities is formed. In most cashs, participation SCFM regulation for natural fores$ource

management and sustainable use are already forasedl lon the general forestry law and regulatioritfe

Lao PDR. Community involvement in sustainable $brmanagement has been recognized and strongly

encouraged by the Government of Lao PDR sinceitsteNational Forestry Conference in 1989, empliagiz

that the maintenance of healthy and productivestsris central to the rural livelihoods and redutipoverty.
This is in order to: (i) to preserve, improve, aindrease biological capacity of the existing foseby
improving existing systems of management and ptioiec (i) to rationally use forests ar
associated\ resources to improve the country’s@ogrand increase income for local poor; and (@i)ibk
forest rehabilitation, preservation and expansidth fiood security, commodity production and creatiof
permanent economic activities for upland populaiofhe policy directions were then backed up by
National Forestry Action Plan (NFAP) which was deped in 1990 and approved by GoL in 1991.
addition, a number of legal instruments were deyedioand promulgated to form a legal framework Far

implementation of the programs identified in NFARdasupport community participation in forg

management. The most relevant of these instrunmregesding community participation, include the Caln
of Minister's Decree No. 117 (1989); Prime MinisseDecree No. 169 (1993); Prime Minister's Decrez N

186 (1994); and the Forestry Law (1996). Provisiohthese legal instruments were interpreted inboimber
of ministerial instructions, orders, and guidelifikbkamphay Minivong and Sophathilath 2007).

Potential application based on Lao traditional natual forest management

Basically Lao people formerly have a good systentraditional ownership of the land and forest reses
within each village boundaries. The governmentllggacognizes using rights for local people basadheir
traditions within the village boundary. Village hatities have the right and duty to form local sulier
specific traditions and customary use of the nhfiorast resources, and as well as to regulate Usedin the
village boundary. However, the past practices dunsd forest use and management was impleme
individually or house based, without a proper dnstale plan management and use for CBFM, as we
lacking of collaboration external sectors to suppoterms of forest management techniques. Heweaifter
getting experiences from the previous practiceba@ been realized that SCFM has a great poténtihle
future for the government to continue supporting #ind of activity for three main potential reaspri).
Local villagers, who live closer in the forest ahdy should have the right to sustainable use aarthgemen
their own forest, 2). The local people should mak®lve in the process of SCFM and have rightshiars for
the forest management benefits, such as fuel wweodgd for house construction and income from Norbgn,
forest products, etc. The use of those villagedts was based on villager's decisions. Most ferestre
distinguished according to simple classificatiosgch as village production forest. In additione tbcal

people have already basic knowledge of traditioralral forest management, example village praigg

the
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forest, village conservation forest (spirit foremtd Cemetery fort.

Status of technology in the country

During the last decade, the SCFM has been organvidely in Laos (northern, central and southerng)a
However, the processes are involved mainly forir@onal development organizations, supportindy bond
and techniques. Lao-Swedish Forestry Program (L$EF)6-2001) was the first project of village fdrgsn

the southern part of Laos. It tried to developc#iemanagement plan for forests outside statelypcton
forests in one village from the technical guidamteRECOFTC, 1999. During the planning process, |the
assessment for forest management and use was teddu@ participatory way with the local villagershe
assessment identified villagers’ problems, natteaburce situation and potential development inviliege.

O

The community based forest management committagigmeas formed, which facilitated by the DAF

PAFO and LSFP consultants. However, the villagesomanagement plan was not completed as thetastiy
were developed toward the end of the project period

In the northern part of Laos, in Xayabouly proviveas also carried the activity of community basatural
resource management by (FOMACOP, NAFRI-IUCN) du20§2-2004. The model focused of village land
use type-wise management planning. Implementing Veailitated by outside consultants developjing
community natural resource management and relassthamisms and services in all aspects. The moske| al
used participatory tool for the process of foresinagement plan and multiple forest resource usg i
sustainable ways in order to improve villagersome and livelihoods (Khamphay Minivong and SopHathi
2007 Unfortunately, a full testing of the model wasmeated after the ending of the project in 20
However, the model and methodology developed from froject was continued to use by CARE other

projects.

In Louangnamtha Province, northern part of Laostehvas another development project called (GTZyi&

development in mountainous areas program also imgatéed of village forestry, Non-timber forest protiy

(NTFP) and nature fish management two DistrictagSind Nalae during 2004-2007. The approach (was

based on land use planning and land allocation (LAPas the starting point of community based naltur

resource management (CBNRM). The model developplanhing and process used both Participatory Rural

Appraisal (PRA) and Rapid Rural appraisal (RRA)400The process implementing consisted of ovateps:
1) Village orientation for the concept of SCFM, aoomity forestry group/committee group forming ireth
village, 2) Forest boundary delineation based enléind use planning and land allocation, implenmgntor
forest inventory in the area, 3) Participation $mistainable forest management planning by the inabla
community forest management groups, facilitatingmiroutside national and international consultadjs,

—

setting up participation rule and regulation in t@mmunity for SCFM harvesting and use proving Iy
District of Agriculture and forest office, and 5arficipation SCFM evaluation and monitoring (Bouonyg

Thongmalay and Phongxiong Wanneng 2007).
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Benefits to Economic development

Under the CBFM program, socio-economic improvemeass realised through provision of temporary
employment and additional income, but to a limitetmber of participants. In a number of cases, these
benefits were not sustained after the project cetigel. One of the challenges for CBFM, therefoeeta
sustain and spread the benefits to a greater nuofilpeor people in the forest communities. Thera eed tg
further develop viable and resilient enterprise ader economic opportunities, particularly for gst-
dependent communities

Benefits of Community Based Tourism

Development Area Potential Development Benefits

Economic Sustainable and independent source of funds for community development
Creates employment in tourism
Increases household income
Embeds development in local culture

Educational Promotes the acquisition of new job skills
Creates new professions in the village
Imparts and encourages use of new knowledge in the village
Cross-fertilisation of ideas with other cultures - promotes respect
Fosters and promotes respect for local knowledge and skills

Social Raises guality of life
Promotes gender and age equality
Builds capacity for community management organizations
Fosters cultural exchange

Health Promotes good hygiene
Increase in and diversification of food production for tourists will improve
nutritional status

Environmental Promotes environmental responsibility
Raises awareness of the need for conservation for tourists & villagers
Promotes management of waste disposal

(Source: Khamphay Minivong and Sophathilath 2007)

Climate change mitigation potential

During the early 1990s, Laos has been reformedpfiticy and regulation for implementing of land 1
planning and land allocation, which recognized tlghts accessing to local people to gain benefitd |a
manage the natural resources, where they live pearbsustainable ways (Khamphay Minivong and
Sophathilath 2007). Over the last decade, Laos imggemented for sustainable community forest
management, which was supported mainly from intewnal organizations (development projects) and|the

local governmental organizations, especially Distof Agriculture and Forest Office (DAFO), Proviak
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Agriculture and Forest Office (PAFO). A case stualySCFM, which practiced bRural Development i
Mountainous Areas Programme (GTZ) in LounagnamtteviRce, Northern part of Laos, implemented
the SCFM in five main stages: 1) Village oriergatifor the concept of SCFM, community fores|
group/committee group forming in the village, 2y&st boundary delineation based on the land useipig

and land allocation, implementing for forest invagtin the area, 3) Participation for sustainaldec$t

for
try

management planning by the sustainable communitysfomanagement groups, facilitating from outside
national and international consultants, 4) settipgparticipation rule and regulation in the comntyrior
SCFM harvesting and use proving by the DistricAgficulture and forest office, and 5) Participati8@FM
evaluation and monitoring (Bounnyong Thongmalay Bhdngxiong Wanneng 2007).
Agriculture Sector:

1.
Technology Name Organic Farming
I ntroduction
Organicfarmingis en agriculturesystem which excludes the use of synthetic fegtitispesticides and grow
regulators. Instead it promotes the use of crogtimis, green manures, compost, biological pedtaicand
mechanical cultivation for weed control.
Technology characteristics
As mentioned, therganic farning practiceinvolves withrestricion of artificial fertilisers and pesticid use
while it promotes the use of crop rotations witbpcvariety and legumes, cover cropping, reduiizde,
green manures and compost, biological pest contrahd mechanical cultivation for weed control for

enhancement of productivity. In Laos, the orgaaic be broadly divided into two aspects; organimiiag by
default and certified system. The organic farmiggibfault refers to the traditional organic farmimgctices
that have Lao farmers have been applied for lorgithis not officially or formally certified. The egtified
organic farming system is the agriculture practit@s meet the organic farming standard and goaddudtyire
practice defined by Lao Certificate Body (a thirtlautonomous organization).

Country specific applicability and potential
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The specific applicability and potential of the angc farming in Laoare indicated in term of policies suppc
local skills/awareness and geographical strength.

The national socioeconomic development plan 200152ecognises the importance of organic farmindy|an
products as a unique product and promotes orgaminifig and products for domestic consumption gnd
exportation. The strategy for agriculture developtr2011-2020 recognises organic agriculture or iiagnas
a promising agriculture practice. The certifiedamg farming is a value-added and accessible bpdloe and
can contribute to meet MDG goals. National growtld poverty eradication strategy (2003) also comsti

D

organic farming as a means for income generatiehpaverty reduction. Strategy on climate changéhef|

U

Lao PDR (2009) promotes organic farming as a méanSHG mitigation and soil conservation. Envirorm
strategy to the year 2020 considered the organicifig as environmentally friendly practice and ectpd to
employ organic farming as a means for soil and met@servation or sustainable practice. Tourismatestyy
pointed out the linkage between organic farming aocdtourism as well as seeing the organic farmm@

D

tourism attraction. These integration and promotidnthe organic farming in these strategies and9la
indicated the potential of the organic farming.

As mentioned, Lao famers have been practiced argagriculture for decades although it is not foilgnal
certified. The involvement of organic farming piaetcould mean that Lao farmers have knowledgeséitid
or familiar with such practice and this is a stitngdicating the potential of the organic farmiogoe grown.
In addition, availability of large land area andatise geography and climate of Laos is anothecatdi of the
potential.

Similarly, base on the survey of the stakeholdgréiblvetas 2003, they perceived that there is piatiefor
organic farming in Laos because of growing market demand for organic products, favourable producti
conditions, experience in organic farming and éxisproducts such as fruits, vegetables, mulberay tice,
coffee and cotton.

Status of technology in the country

Four different systems for organic production aoenmon. 1) The uplar fallow rotation (slas-anc-
burn) system the production is largely used fordpoing rice for home consumption, with job’s tegar,
sesame and maize the most important crops expoiMdtbugh not formally certified, they are often
referred to as “organically grown”.; 2) Wild prodscollected in the forest and fallow lands for keom
consumption, local markets and for exports. Impurtaroducts include bamboo shoot, banana
inflorescence, and wild cardamom (Amomum sp); 3ty mostly produced without any external inputs,
and 4) Market driven organic production. The systdn8 are largely “organic by default” but produgts
are usually not certified as “organic”.

Benefits to Economic development

The economic benefits of organic farming include lemergy ad cost of investment. Research finding
Kimble et al. (2007) and also cited in UNEP (20itd)icated that the organic agriculture requires kesergy
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thanconventional syster about 28% to 32'. Input cost for seed, fertiliser, pesticides, machineryd hired
labor for example in a rotation system with a legqwus crops are also approximately 20% lower than
conventional rotation system does. Figure 6.2 isomparison input cost between organic farming using
rotation system with legume and conventional one. ,

Figure 6.2 Annual input costs for the legume and ewentional grain rotations.
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Source: Kimble et al., 2007

Furthermore, an example of UK'’s case, if all adtime were organic, the elimination of nitrogentifesers
would save substantial emissions or 1.5% of natienargy consumption and 1% of national greenhgase
emissions would be saved (Mae-Wan and Ching, 2@ )ier studies showed that GHG emissions would be
48-66% lower per hectare in organic farming systenmsurope. The lower emissions were attributedeim
in put of chemical N fertilisers, less use of higtergy consuming feed stock, low input of P (phosp$)and
K (potassium) mineral fertilisers, and eliminatiofi pesticides. However, it requires careful desam
implementation as in some areas that productiatyd:be lower.

Benefits to Social development

1) Provides income and employment opportunities farfarmers due to it is @bor intensive
production system and implementable by local/faemkr addition, organic products can be a unique,
competitive and advantageous product for exportéar farmers compare to other products.

2) Low risk on health due to restriction of chemicakficide and herbicide while promote healthy
consumption.

Benefits to Environment development

1) Improve soil organic matte fertility and N supply due to application of manueguminous crop:
crop residues and cover crops; leading to enhanmeohsoil C retention, sequestration of CO2 int
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soils while eliminating fossil fuel used to manutae N fertilizer elsewher

2) Highly adaptive to climate change due to the apgibn of traditional skills and high degree of crog

diversity.
3) Reduces pollution due to the absence of pestieiddsshemical fertilisers.

Climate change mitigation potential

As mentioned above, the annisequestration rate increases up to 3.2tonnes ¢/hectare per year k
organic farming (Smith et al., 2007). However,histpractice applied worldwide emission reductiam de
significant. Smith et al.(2008) estimated that aingiobal sequestration potential of organic adtica
amounts to 2.4-4Gt C&e yr-1, and it can be improved to 6.5-11.7Gt,€@r-1 by using new technologies
organic agriculture. On the other hand organiccagftire has lower methane and nitrous oxide enmssid
0.6-0.7Gt CG-e yr-1 in comparison to conventional agricultusdich includes the burning of crop resid
(Smith et al., 2007).

in

Financial requirements and costs

Overal, promotionof organic farmincgrequires substantial and continuous financial sopEit can take time
to realize or prove its sustainability. Of cause fimancial requirement can be different from omexhother
system. However, quantifying financial requireméntchallenges because of there are various form
organic farming, time consuming and can be co#tlg. same for Laos. To date financial needs fanprting
organic farming through the country is lacking.akdition, it also lacks of basic data for finangabjection
such target of organic farming development for eplanthe area, system and also timeframe.

s of

2.

Technology Name Manure-BasedBiogas digester

Introduction

Manure-based biogas digesters is animal manurdmesd and fermentation system which inclu
fermentation tanks, manure input and fermentatiananaerobic environment. The methane concentrafig
biogas is around 60%, so the recovery and utitinatif biogas from digested slurry in a biogas digrewill
reduce CHemissions from the manure. In addition, the biagasbe used to provide electricity, d energy
reduce C@emissions from fossil fuel (coal) displaced bydais.

Technology characteristics

A biogas digester iusuallycomposed of six parts: fermentation chamber, gaage, inlet tube, outl
chamber, removable or sealed cover, and a gadipgpésee in Figure 1).

Figure 1Example of a schematic of ‘Three in One’ aabination of household biogas digesters

les

and
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The mechanics of biogas generation is similar &zfice elsewhere which can be described as follows:

1) Strict anaerobic environment

Microbes that play a major role in biogas fermdataare all strict anaerobes. In an aerobic enviremt, the
decomposition of organic matter produces,d@wever, in an anaerobic environment, it resoltSH4. A
strict anaerobic environment is a vital factor iogas fermentation. Therefore, it is essentialuibdoa well-
sealed, air-tight biogas digester (anaerobic digest ensure a strictly anaerobic environmengftificial
biogas production and effective storage of thetggsevent leakage or escape.

Kitchen

The captured gas is stored in the upper part ofdigester tank (gas storage area), which is
constructed as an arc ship. The generation of biaglhgradually increase the pressure in the store

area. When the volume of the captured gas is lahgerthe amount consumed, the pressure in the gas

storage will increase and slurry will be pushea itite outlet chamber. If the gas consumed exc
gas availability, the slurry level drops and therfented slurry flows back into fermentation chamb
The placement of the digester tank (undergrounchdetation) keeps the temperature in the t

ceds
er
ank

relatively stable ensuring that the slurry can éenented at adequate temperatures throughouyt the

year without requiring additional heating.

The bottom of the digester inclines from the mateieeding inlet to the material-outlet, allowingé
flow of the slurry.

The digester has been designed to allow the efflteeive removed without breaking the gas s
taking the effluent liquid out through the outldtacnber. As pointed out in technology definiti

eal,

biogas fermentation is a process in which certantdria decompose organic matter to produce

methane. In order to obtain normal biogas fermamtaind a fairly high gas yield, it is necessary to

ensure the basic conditions required by the methaneeria are met for them to carry out normall iita

activity (including growth, development, multiplican, catabolism etc.).
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2) Sufficient and suitable raw materials for fermenation

Sufficient raw materials for biogas fermentatiomstitute the material basis for biogas productidhe
nutrients that methane bacteria draw from the ratenals are carbon (in the form of carbohydrabéspgen
(such as found in protein, nitrite, and ammoniumjrganic salts, etc. Carbon provides energy, d@ndgen is
used in the formation of cells. Biogas bacteriaunea suitable carbon-nitrogen ratio (C:N).Thetahle
carbon-nitrogen ratio for rural biogas digestersudth be 25~30:1. The carbon-nitrogen ratio changiés
different raw materials, and one must bear that ifagnind when choosing a mix of raw materials fioe
digester.

3) Appropriate dry matter concentration

The appropriate dry matter concentration in the meaterials for biogas fermentation in rural ardasutd be
7%~9%. Within this range, a low concentration af raaterials may be selected in summer, while irtevia
higher value is preferred.

4) Appropriate fermentation temperature
Biogas fermentation rates depend greatly on thepeeature of the fermenting liquid in the digester.
Temperature directly affects the digestion ratéhef raw materials and gas yield. Biogas fermemataixes
place within a wide temperature range (XuZengf®1)9The higher the temperature, the quicker tgestion
of the raw materials will be, and the gas produrctiate will also become higher. Based on real fatate®n
conditions, we have identified the following thiteenperature ranges for fermentation:

* High temperature fermentation: 47°C~55°C

» Medium temperature fermentation: 35°C ~38°C

* Normal temperature fermentation: ambient air terafure of the four seasons. Selecting the temperat
range for bio-gas fermentation depends on the smarces, and quantities of raw materials; the gaep and
requirements of processing organic wastes; and #oeginomic value. Most household biogas digesters a
normal temperature fermentation.

5) Appropriate pH Value

The pH value of the fermenting liquid has an imaottimpact on the biological activity of biogas tmi@.
Normal biogas fermentation requires the pH valukgdetween 7 and 8. During the normal proces®gdsi
fermentation in a rural digester, the pH value ugdes a naturally balanced process, in which st filrops
from a high value to a low value, then rises agaitil it almost becomes a constant. This procesoisely
related to the dynamic balance of three periodsiafas fermentation. After feeding the biogas digeghe
time that the pH value takes to reach its normadlldepends on the temperature and the kinds aodramof
raw materials that are fed in.

Country specific applicability and potential
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Status of technology in the country

Benefits to development

Economics and mitigation potentia

The economic and mitigation potential has not terwalyzed and unclear for Lao context. However, rating
to the practices and findings elsewhere, biogalsniglogy can reduce emissions is efficient if pniaages
from US$12-40 per tCg or suitable for mitigating GHG emissions if thare adequate manure inputs 3
price of approximately US$12 per tCO2-e (Wassmamth Rathak, 2007). Overall household biogas dige
(8~15 nf) costs between US$500-1,000 though depending emitiester size. It is estimated that an §
household biogas tank can treat the manure from 6t piigs, yielding 385fof biogas annually. It can sa
847kg of coal based on the calculation of effectiveat equivalent. According to the methodolg
recommended by IPCC in 2006, if a household bidligester treats the manure of 4 pigs, it can redld&
of 1.5~5.0 tonnes C@.

Increasing local incomes
It will reduce expenditures for household energyelfvood and electricity). It will also increase@oyment
locally for skilled labor during installation, ogion, and for the maintenance of biogas digesters.

Improving local environment and public health

It will replace traditional fuel wood-base cookistpves. Indoor air pollution will be significantheduced,
thus reducing the incidence of respiratory diseasgs ailments etc., caused by fuel wood burninigoA
through improved manure management, it will redgaund and surface water contamination. It willog
reduce spreading of zoonotic diseases and odoeddysanimal manure. Biogas recovery can also siiye
the sources of the rural energy supply reducingrdstation.

ind
ster
m3
e
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Climate change mitigation potential

As mentioned, biogas can substantiaedue CH4 emissions from manure management and CO2 emi

from energy consumption elsewhere. IPCC (2006) ssigg that if a household biogas digester treas
manure of 4 pigs, it can reduce GHG of 1.5~5.0 ésr@Ge. As for Laos case, MONRE (2012) predicted t
if this technology is applied for emissions redoictirom 2015 to 2030 for 50 percent to 70 percéribtal

livestock which raised in farm system such as tgpaddock and so on, where manure is used forane
recovery, and 30 percent to 50 percent of emissiansbe reducible as estimate, the emissions rieduay

2030 will be 194.93 GgCse CH, or 12.18 GgC@e CH, per annum on average.

th
hat

Barriers

Similar to elsewherehedevelopment andissemination of biogas digestin Laosfaced investment an
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technical barrier

1) Investment Barrier

With the cost of each household biogas digestet@8r3) ranges from US$500 to US$1,000 while mast
households have low disposable income and weakdiabcapacity, so it is difficult for making suehlarge
investment. In addition, the household will conérto pay a biogas digester maintenance cost. Byaginthe
current practice of deep-pit treatment method isfdryconsidered the most attractive option for nman
treatment given that it requires very limited aiddial investment and labor input.

2) Technical barrier

The biogas digesters have to be located in mangscasthe remote rural areas, where farmers laaklyre
access to improved technologies and managemenbdsetAccording to current experiences, the perfocaa

of some digesters is unstable, with varying lewdlgias production. This is due to the lack of eigreze
among the individual households, limited resoufoediogas service support, and insufficient farrmmaning
and maintenance. Expertise is required to enswaettie digesters function properly, so maintenamue
management of biogas digesters require adequapmdigervices and trained staff, which is not aldé in
rural areas.

3.

Technology Name Biomass combustion and c-firing for electricity and heat

Introduction

Biomass can be used to produce power and eleatidit especially in rural area. Several feedstaud
conversion technology combinations are availabl@rmduce power and combined heat and power (C
from biomass. Two technological options involverbog biomass; standalone units and co-firing ihvissil
fuels in standard thermal power plants.

Technology characteristics

What is practiced in Laos is stand alone bior-based power plants for electricity product It is a commor
technology that converts solid biomass fuels torggnéhrough combustion. In the biomass-based pg
plants, electricity is produced by direct biomasmbustion in a boiler and via a steam turbine @iren It is
reliable and low cost technology although electrégficiency of the steam cycle is not high (IEA0RNergy,
2009).

Potential of application in the country

The national strateies, policies, energy demand, availability biomass and existingctice can indical

potential of application of this technology in Laos
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Thelong termstrategy on renewable ene, strategy on climate change, agriculture develograad forestr

recognize that biomass is one of the potential casurof energy in future and defined promotion and

development biomass is one of the priorities. Iditamh, the policy positioning Laos to be battefyASEAN

countries as well as increase demand for energhiamhat Laos would use most energy sources a@ngiat
in order to realize the goal. Of which, biomass barthe source. Based on the estimate made bytryinis
energy and mining (2010), biomass including agtical residues-based energy has a potential ofrigieg
production of 938 MW throughout the country. Thisoameans there is great potential for biomasseb
electricity to be developed compare to currentasitun which only 160 kW of electricity is be produatwith
the use rice husk. In addition, the policy on thenpotion of foreign investment and growth of privatectors

in Laos can also be opportunity for the developnoéiibis technology.

Status of technology in the country

The development cagricultural residues based power plant is in &scent in Lac and lack of informatic.

Only one pilot project which generates energy frooe husks, with a capacity of 160 kW was recor
(MEM, 2011). However, based on the estimate by stipiof energy and mining (2011), biomass includ
agricultural residues-based energy has a potegftilkctricity production of 938 MW throughout theuntry.
And this technology is identified and promoted I tstrategy on renewable energy development (M
2011).

Benefits to Economic development

¢ Enhance energy security while reducing the depearaen fuel wood, coal and other energy sourc
¢ Diversifying the industrial sector and enterprises;
e Supporting rural electrification with all its dewgimental benefits.

Ase
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ing

EM,

Benefits to Social development

¢ Increased income and jobs in the agriculture anekfoy sectors, which now supply part of the
feedstock used in power and heat production (algmi@h and forest residues)

e Job creation in the industrial sector for designimgjlding and operating the plants.

e Increasing inclusion in the economic system: wedlamized farmers unions can gain access to en
markets.

ergy

Benefits to Environment devel opment

o Reduced GHG emissions from the power sector. Mgnigwtural and forest residues can be assu
to be carbon neutral, which leads to significatritaitable GHG emission reductions.

¢ Reduced NOX and SOX emissions compared to coal astiam. NOx emissions can be further
reduced by implementing primary and secondary éamsgduction measures.

med

Climate change mitigation potential

The climate change mitigation potentiecludes reduction of GHGs from agricultural residaaming, left tc
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decay and direct input to soil. In addition, théshinology also reduce energy consumption elsev
especially coal, oil and fuel wood. MEM (2011) sththat there are huge amount of agro-forestrguesi or
wastes generated every year from agro-forestryyatomh, such as rice straws/husk, sawdust, cors adtich
can produce and generate around 500 MTOE.

Financial requirements and costs

Although the renewable strategy isplace, but estimate of financial requirement isleamc However, th
practice in other country suggest that investmest s about 3,500 Euro/kWe for a 5 MWe plant, gpogs
down to about 2,000 Euro/kWe for a 25 MWe plante@xample of sugar manufacturer in Kenya, wh
developed Co-generation agricultural residues poplent based on the conventional steam power ¢
involving direct combustion of biomass (bagasseg ihoiler to raise steam to offset 1,295,914 i@@der
CDM in the period of 10 years required USD 20,000, fr investment.

Annex 7: Picture of the workshops

122

ich
ycle



Part I- Technology Needs Assessment Report
Lao PDR

Al il T
i, |

123



