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Motivation

1. Electricity demandsoaring increase by 15%/yr (low-
scenarig & 18%/yr (high-scenario) over 2010-2030. Power
sector be hugely expanded based coal-fired geaerati

2. But thermal coal generation systeahd, low thermal
efficiency (28-32%)

3. Vietham is most affected lmyimate change:

+ Sea-level rise, 0.7m - 1m over next 100 years|dcaad
to a capital loss of 17 billion USD/yr (WB, 2008).

+ Flood damage, drought, typhoons will intensify 2§70.
About 80-90% of populations affected (UNDP, 2007).

4. Local health and environmental effects:
Air pollutants caused 22% of chronic pneumonia ga&e
1/3 of respiratory inflammation, 2001-2003 (USAEDO07).



Outline
. Vietham power sector up to 2030.

. Identification and ranking of major
barriers. 1% survey.

. Identification and evaluation of policies and
measur es. 2" survey.

. Data and guestionnair e samples
. Results:



1. Present situation and trends




7.6%yrt GDP Growth, 2000-2007

Sector 2000 2001 2002 2003 2004 2005 2006 2007

Agriculture, Forest

& Fishing 463 2,98 4,06 32 436 40 37 34

Industry &

) 10,1 104 94 10,3 10,2 10,6 104 10,6
Construction

Service 532 6,1 654 657 7,26 85 83 8,7

Total 68 69 /0 72 78 84 82 85

5
Source: General Statistics Department of Vietnam, 2008



Power generation grows faster than

GDP
Installed capacity  Generation Average annual growth rate
in 2007 in 2007
Total Thermal
generation generation

(2000-2007)  (2000-2007)

13512 MW 68.7 TWh 19.3% 22.7%

Source: Institute of Energy of Vietnam, 2008



Generation sources, 2000-2007

Source: Institute of Energy of Vietham, 2008
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Policy Options
Improve end use energy efficieney barriers to
advanced cleaner coal-firaechnologiegPFBC, IGCC)
to be discussed.

Develop renewable energy souree®arriers to small
hydro, geothermal technologiesbe discussed.

Develop nuclear power (2029)
Import electricity (Laos, Cambodia, China, 264p
Import coal (Australia, Indonesia, 2045

Import natural gas (ASEAN pipeline, 20449



. Identification of major barriers from an overatehature
review and a research survey based interviewedtignaaire
with the country’s key experts.

ranking process based on interviewed experts’
opinions/judgments using analytical hierarchy pred@gdiP).
+ ranking priority (importance) among involved expgroups,
using the AHP based on their opinions and judgments.
+ ranking 5 criteria for evaluating barriers.
+ ranking barriers for each technology, each caterand each
Interviewed expert. It then aggregates within eaqgert group.
+ ranking for the major barriers are obtained byraggting the
weights of criteria and various experts groups.

. to synthetically analyze the AHP ranking restisthe
major barriers



The analytical hierarchy process (AHP) is a stmaxfutechnique to
help dealing with complex decisions developed b$aaty in 1970s.

The basic step is pair-wise comparison of two dledastimuli, two
alternatives under a given criterion, for instararewo criteria.

AHP computes estimation of priority weights of & eé criteria or
alternatives from a square matrix of pair-wise camgnA = [a;].
The normalized weight vof itsit" element is given as:

n
Wi :aij / kzlakj Dk =12..n

5 criteria defined for ranking barriers based leasticharacteristics:
() monetary cost to remove barriers, (i) levekedfiorts required
creating awareness, (iii) level of political or baucratic efforts
needed to remove barriers, (iv) level of impacaaddbption, and (u) life
of barriers (Expert Choice softwar




. Identification of suitable policies and measureaNis)
to overcome identified barriers from literature reviend a
second research survey based interviewed guestienna

dusing AHP torank policy evaluation criteria based on
Interviewed experts’ opinions/judgments.

. each PAM is evaluated for each technology undeiouar
specified criteria by individual expert. The subjee judgments given
by interviewed experts are gqualitative into scofesjnstance: “poor”
=1, “good” = 2, “very good” = 3 and “excellent” = 4.

- total weighted average scores for each identRA# of each
technology are aggregated by a criteria/policy matmethod.
Desirable PAMs are those garnered > 50% in totaghwed sgore.
Recommendations were made based on results of Ri&Msmined.



The mathematical expression of this method is given
n

| 1
kK K : .
SH=2-xa” ) p=Ywxst @
1=1 K

| IS expert interviewed; is policy alternative identified by the experts;
K is the specified criterion for evaluation of polialternativesn is the
number of experts interviewed; iIs evaluated score given to policy
alternative by interviewed expert§; is average evaluated score given
to the policy alternativey, is the weight of selected policy evaluation
criterion k ranked by AHP based on experts’ opiniopsjs total
aggregated weighted average score to each poteyative.

The evaluation criteria: (i) anticipated effectiess, (i) economic
consideration (cost of policy implementation), )(imacro-economic
consideration, (iv) political acceptability, (v) mdistration feasibility.

These are score-weighted for their priority prafiees using the AHP
based interviewed respondents’ judgments. 13



Data used to identify barriers and policy measuesssting literatures,
country studies/reports, discussions with expenmtsthe field. Basic
judgments for ranking and evaluating process: @gghrough surveys.

The pair-wise comparison matrix was converted ouestion tables in
the questionnaire. Questionnaires were distributedbalanced ratio.

The National Institute of Energy conducted the swyrninterviewing the
experts from MOIT, MONRE, MPI, EVN, IE, Electric ilty,
Polytechnic Institutes, private companies, and rfaatures/suppliers.

Priority Kev expert arouns Numbers of Priority weight Except few inconsistent
ranked y expert group respondents calculated by AHP | responses, we collected
37 qualified samples over
1 Energy experts 10 0.213 the total 62 ones
2 Policy makers 7 0.199 distributed to experts.
3 Environment experts 6 0.196
4 Project _o_lgvelopers and 6 0.155
power facilities owners
5 Manufactures/suppliers 4 0.131
6 Users of electricity 4 0.106 14
Total n=37 1



4.1. Results of surveytlidentifying
& ranking of major barriers

For renewablesfinancial, infrastructure, institutional constres, and
deficiencies in government policy ranked as primaayriers to effective
penetration of small hydro while information anaheical know-how,
R&D and industrial capability, and weak policy frawork are
predominant barriers against development of geotaketechnology.

For cleaner coalweak industrial capability and lack of techni&alow-
how, scarcity of financial resources and inadequateent electricity
tariff structure judged as specific dominant basrigreventing the
entering of these into generation portfolio.

A key finding although institutional and policy barriers nonkad as
highest score-weighted by AHP but both consideredha “must be

overcome” barriers by interviewed respondents. .



barriers weights calculated by Al

Barriers of selected technologies

Actor groups unequally prioritized

Weight Ranking
Small hydro technology >|
Lack of capital investment and scarcity of financial resources 0.214 1
Low _capability of technological development and lack of domestic equipment 0210 5
suppliers/services =
Weak Government policy and regulatory frameworks for clean energy 0.205 3
development )
Multiplicity authorities, insufficient local capability to develop and operate the 0.205 4
networks =
Lack of information on national energy resources potential 0.166 5
Geothermal technology >|
Lack of information_ and awareness ab_out technical know-how, technological 0213
development and national resource potential ' =
Weak level of scientific, technological and industrial capability 0.204 2
Insufficiency of incentive measures and promotion policies, regulatory framework 0.200 3
Geothermal energy sources are distributed in remote areas 0.198 4
High electricity production cost of geothermal technology 0.185 5
Cleaner Coal-fired technologies  # |

Wgak Ie.vel of science and technology, insufficient industrial capability, and 0235 1
difficulty in technology transfer =
High initial investment cost and high production price 0.221 2
Lack of technical know-how and technological development information 0.197 3 .
Scarcity of financial resources 0.174 4 -
Inadequate current electricity pricing system 0.173 5




4.2. Results of survey'2
identification & evaluation of PAMs

Overalt

+ improving local R&D the most desirable

+ promoting joint-ventures foreign companjes policies & measures
+ reforming investment policy and legislatipn for greater penetratic
+ establishing information, training centre of CEETs in Vietnam

For renewablessetting up a national goal and national wide sbsiring
system, codes and standards for renewable energglogenent,
regulations for grid connected power purchasingagent. Developing
Indigenous projects under the CDM and public pavpaartnerships to
create funds and remove economic/financial barriers

For cleaner coalax incentives, soft loans and financing projecteugh
the CDM would be an appropriate measure to remayle imitial cost
barrier. Carbon/energy tax would be suggesteddmpte buildingup of
CCTs in the power sector.



ranking PAMs for small hydro usir
criteria/policy alternatives matrix

_ Weighted scores for policies and measures
Criteri Weighted scores of
riteria . .
criteria

PM1 PM2 PM3 PM4 PM5
Anticipated 0.363 1.452 0.363 0.726 0.363 1.452
effectiveness
Economic consideration 0.214 0.214 0.642 0.428 0.856 0.214
Macro-economic
consideration 0.169 0.338 0.338 0.676 0.169 0.676
Political acceptability 0.131 0.131 0.393 0.524 0.131 0.262
Administration 0.123 0.369 0.123 0.246 0.431 0.123
feasibility
Total weighted average 1 2.504 1.859 2.600 1.950 2.727
score
Weighted average
score (%) - 62.6 46.5 65.0 48.7 68.2
Ranking results i 3 5 2 4 1

Note: [PM1]: Financial aids and other forms of financial incentives; [PM2]. Priority development of local and
remote area economy; [PM3]: Enhancing investment policy and legislation for power sector development; gPM4]:
Establishing policy consulting, technical-support, training centers; [PM5]: Improving R & D, establishing joint-
ventures companies.




ranking PAMs for geothermal usit
criteria/policy alternatives matrix

_ Weighted scores for policies and measures
Criteria Weighted scores of
criteria
PM1 PM2 PM3 PM4 PM5

Anticipated
effectiveness 0.363 0.726 1.089 0.363 0.363 1.452
Economic consideration 0.214 0.535 0.428 0.428 0.214 0.214
Macro-economic
consideration 0.169 0.169 0.507 0.169 0.338 0.676
Political acceptability 0.131 0.262 0.524 0.131 0.262 0.393
Administration
feasibility 0.123 0.369 0.246 0.369 0.123 0.246
Total weighted average 1 2 061 2794 1.46 13 2981
score ' ' ' ' '
Weighted average i 51.5 69.9 36.5 32.5 74.5
score (%) ' ' ' ' '
Ranking results i 3 5 4 5 1

Note: [PM1]: Implementing carbon tax; [PM2]: Enhancing investment policy and legislation for power sector
development; [PM3]. Establishing policy consulting, technical-support, training centers; [PMA4]: 1Q’riority
development of local and remote area economy; [PM5]: Improving R & D and establishing joint-ventures.




ranking PAMSs for cleaner coal usii
criteria/policy alternatives matrix

_ Weighted scores for policies and measures
Criteria Weighted scores of
criteria

PM1 PM2 PM3 PM4 PM5
Anticipated 0.363 1.452 0.726 1.089 0.363 0.726
effectiveness
Economic consideration 0.214 0.214 0.856 0.214 0.428 0.642
Macro-economic 0.169 0.507 0.169 0.676 0.338 0.169
consideration
Political acceptability 0.131 0.524 0.262 0.524 0.262 0.131
Administration 0.123 0.246 0.492 0.123 0.246 0.492
feasibility
Total weighted average 1 2.943 2,505 2,626 1.637 2.16
score ' ) ' ' '
Weighted average i 73.6 62.6 65.7 40.9 54.0
score (%) ' ' ' ' '
Ranking results i 1 3 ) 5 A

Note: [PM1]: Enhancing investment policy and legislation for power sector development; [PM2]. Financial
incentives including increased electricity price; [PM3]: Improving R & D and establishing joint-ventures,zqPM4]:
Establishing policy consulting, technical-support, training centers; [PM5]: Implementing of environmental taxation.




Policy recommendations

The Government is viewed as a key market enabler:

+ more investment for R&D activities to enhancealoR&D
capacity.

+ deregulating the electric power industry.

+ turning climate challenge into opportunities fustainable
development through international climate schemash sas
the CDM.

— most appropriate policies and measures for pralif@n of
cleaner and high energy efficient technologies ietivam.

21






Potential of renewable sources:
assessment until end of 2007

Economical Current Future development planned
Energy resources otential development up to 2025 by Vietnamese Remarks
P until end of 2007 agencies
Large hydro ] (Y This potential includes
(>30 MW) 18-20 GW 4793 MW 16.6 GW by 2020 small hydro and back-up
diesel capacity; ?f This
ggg”wlh\yv?m 2-4 GW economical potential is
611 MW () 2.5-3.2 GW estimated for electricity
Mini hydro (<1 MW) 100 MW generation and heating
purposes; 3 This
Hydro pump storage 10.2 GW Negligible 10.2 GW economical potential of
o wind energy is estimated
Geothermal 1.4 GW @) Negligible 300-400 MW by 2020 with different feed-in tariffs
Wind energy o varying from 5 to 8
120.5 GW §) Negligible 500 MW $cent/kWh; € In the
southern and central areas,
Solar energy ) Negligible 2-3 MW solar radiation levels range
_ _ from 4 to 5.9 kWh/ri/day
Biomass (rice husk, uniformly distributed
paddy straw+ 1000 MW 158 MW throughout the year. The
bagasse) >00 MW solar energy in the north
Wood residue - estimated to vary from 2.4
100 MW Negligible 0 5.6 kWh/ni/day
Municipal waste 230 MW Negligible 100 MW

23

Sources: Nguyen and Ha-Duong, 2009; Institute of Energy, 2008



Pair-wise comparison scale for the
AHP preference

Verbal judgment of ranking | Numerical Explanation
rating
Equal important 1 Two activities contribute equabithe
objective.
Moderate importance of one over 3 Experience and judgment slightly favor one
the other activity over another.
Essential or strong importance. 5 Experience andmag strongly favor on

activity over another.

Very strong importance. 7 An activity is strongly ¢aed and its
dominance demonstrated in practice.

Extreme importance. 9 The evidence favoring one igtower another
Is of the highest possible order of affirmation.

Intermediate values between the 2,4,6,8 | When compromise is needed.
two adjacent judgments

24

Source: L. Saaty (2006)



Vietnam has ample resources of small h
potential for generating electricity

small Hydro Power
L

Sources. Small-Hydro Atlas, 2009 and RCEE, 2009



lots of mini hydropower stations are self-
iInvested and managed Inefficiently

iIndividuals with old, backward technologies

Small Hydro Power

kR "
|

Sources: RCEE, 2009 and RR Energy, 2009



most of renewable resources (small hydro
geothermal) are located In remote areas
cause difficulties In Investigation, constructi
and operation of the projects

Sources: RCEE, 2009 and Daylife photo, 2009 «|



Vietham Is endowed with geothermal ene
potential, located In remote areas but this
been unexploited yet for generating electricity

“e\ il S T ..'-'l.lrlq
G A oS
o S T Gas Bang
— T . "\-‘_ I-: | |
BT = e R T - ~Traymn Cuiang
Ciewr Besn Py i B “ e -
] = ke e S —
) e O O
o= - 3%,‘;:—.;:— —=
T O
Ty H.ﬁ-lil}l ¥ Hal Phong
o 3 s
= "
. N
= R
" M Tyl A Hal M am
< ~ ana
~ D e \inh =
= e
2 " Siong Ha i
2 S P ="
o) = @Dongria
. - -
& '{'--,,'_E\j"*"“ Py Lo
L -. __-:'..«-_____.-
LESEN - --L".E_ ~|. :_:' ‘:i".-rm
T e B
A1, camm - _:'C 5 - 1:.\
e 5 IRy T e - Hmn-:‘ -.Ft |._| i TR
- Bl har '""*'I.r' -:tm
wrreunl 0T e L b
107 u-“, B "J&j
et gechemal oo ! Eh:"_l.
200 rO ﬁ”-'é-ﬁun-fnm
Ty D g a7 Exien
e < Do Lsl® _ ®SThas Cham
W Tagrinn = ’
"Wy e Oy
Ha - Tohi e 5”-;"“"‘ T
N D cr—F Long Hal
__':‘H'.:' = - Tais
i " Bk T

Sources: GENI. 2009 and VFEJ. 2009



Ninh Binh conventional codlred power plar

was constructed over 20 years ago

backward technology and been under operation
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