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Abstract— In this paper, BAU (a scenario based on current trends) and ALT (a greener alternative with more
renewables, higher energy efficiency) are developed. The external costs of CO,, NOx, SO, and PM10 in the Viethamese
power sector are estimated at 20, 1328, 2047 and 1460 USH/ton, respectively. The authors find the electricity price and
the domestic trade balance in ALT less sensitive to fluctuations in the international price of coal than in BAU. The total
costs accumulated between the period of 2010-2040 would be lower in ALT: 632 billion US$ compared with 974 billion
USS. This difference arises from several factors: lower investment in new capacity (226 vs 306 billion US$); lower
local pollution costs (73 vs 137 billion US$); and lower expenditures on imported fuels (57 vs 115 billion US$). The
outcomes of ALT are in accord with the targets in the most recent Green Growth Srategy of Viethnam and the Intended
Nationally Determined Contributions (INDCs) of the country to UNFCCC and COP21.

Keywords— Energy modeling, energy efficiency, external costiEAP, Vietnam.

1. INTRODUCTION 2. MATERIALS

Over the last twenty years, Vietnam has been pogsai 2.1 Simulation model
high-growth rate economic strategy with industeation
and urbanization [1], this strategy encompasseapa r
increase in the national need for energy. Undes thi
pressure, the national energy mix has shifted weldp a
secure and affordable energy supply quickly enotagh
support socioeconomic development. Fossil-base
energy sources, such as coal, have been mobilasterf
than renewable sources, such as hydropower. Th
environmental and energy security impacts of the
development of the power sector have become issues
national concern.

This manuscript explores the sustainability of the
development pathways for electricity supply and imse
Vietnam over the period from the 2010 to 2040. The
manuscript is organized as follows: The next sectio | Prmaneneray !
presents the method used to simulate the poweerayst i
and to estimate external costs of electricity gatien; |
we quantify two scenarios with the bottom-up energy i
planning model LEAP [2]. We then present the resint e Y | e .

I
1 Electricity
. . . . - - Commercial &
Section 3 including results in energy security and i
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To describe different possible evolutions of thevpo
sector in Vietnam, scenarios are simulated with the
LEAP (Long-range Energy Alternatives Planning)
model. LEAP [2] is a computer tool for energy plangn
hat has been used in numerous countries to enhance
ational communication on the inventory of greende
ases (GHG) emissions to the UNFCCC. LEAP is
enerally accepted to be an efficient tool for Momex |
countries implementing their GHG mitigation assemsisim
[3]. Fig.1 shows research model and boundary wlhiat
be simulated by LEAP.
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Fig.1. Geographic Boundary of the Scenarios
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managing the demand opens up opportunities intther 0 their economics, by the year 2050, power intensity
three terms of the balance. To this end, we compese  Vietnam is assumed to be at par with that of Magys
scenarios. Both scenarios are derived from thelibase which has the highest power intensity amongst thero
scenario in the latest master plan for power dgraknt ~ ASEAN countries, in 2030 (about 60 TOEs per million
in Vietnam, abbreviated PDP VII [4]: (1) Business A US$.GDP). This could be an acceptable case. Fig.3
Usual scenario (BAU): Demand side is based on thepresents projections of energy intensity in sebbcte
Medium demand forecast by the PDP VII, and Supply countries to do comparison analysis.

side is based on the Continuation of current energy
policies in Vietnam; (2) Alternative scenario: Dama
side Reduced power intensity (as compared with the
Medium demand forecast in PDP VIl), Supply side is __ = -cceee- Indonesia — o South Korea
with reduction of electricity generation from numie
imported coal relative to BAU.

,,,,,,,,,,,,,, Philippines — - - — Malaysia

2.3 Assumptions 100
Population: The projection of the Vietham General
Office for Population and Family Planning is sedectn
this study because it is the most suitable withremir
trend of population development and family planning 0
policy in Vietham. By 2040, the population wouldach 2005 2006 2010 2015 2020 2025 2030
112 million people.
Economic growth: In the ALT scenario, the projected ) ) ) o
annual GDP growth rate is 7.2 percent from 20116202 Fig.3: Energy intensity 2005-2030 (TOE/Million USD)
and 7 percent afterwards. The BAU scenario ha®rfast (Sources: Institute of Energy (Vietham), Economés@arch Institute
GDP growth rates over the selected period: 8.5gmerc for ASEAN and East Asia and extrapolating calcolasi of author)
from 2015 to 2020 and 8.0 percent afterwards. Those
forecasts are merged from IEA and IMF’s studies téied Based on forecasts in the baseline scenario d?bfe
official reports of Vietnam. VII, the ALT is developed. It is assumed that fr@il6,
Power demand: Using a comparison analysis, we find when a number of energy efficiency programs will be
that Vietnam is a high power intensity country camgul completed [5], [6], Vietnam would have achieved
its neighbouring countries in both current statod aver  substantial energy saving and reached its consenvat
the next few decades. targets. Annually, power intensity reducing rateAafT
Vietnam needs energy to speed up its socio-economidrom 2016 is 1.7 percent per year.
development. Moreover, low-technological advancamen The data in the BAU scenario are from the baseline
and non-synchronism infrastructure in the countyld scenario of the PDP VII. However, the PDP VIl pa»s
be a likely reason for the high power intensitys It only projected Vietnam’s power demand up to 20B0st
economy lags far behind those other countries. &or the data from 2030 to 2040 is extrapolated by desing
more competitive economic development in the region the power and economic growth rates annually
Vietnam is expected to decrease its power intermsigr Power losses: The total power losses in transmission
the years. Fig.2 shows historical and current GBP p and distribution grids are 10.8 percent -9.6 pereeh5
capita values of selected countries over the petfifb- percent and 7.5 percent by 2010-2015-2020 and 2025,

2015. respectively. After 2025, the power losses rate is
assumed to remain the same until the end of tlectes
120 period. For power self-consumption of power plaints
100 T —e—China — - —Indomesia the system, this rate increases from 3 percentOdy 20
E --------- Malaysia - - - - Philippines*” 4.5 percent by 2040 due to a higher share of fégslt
g | & Vietnam based power plants which consume more electric powe

during generation process themselves.
Reserve margin: In the ALT scenario, the reserve
margin will increase regularly from 1 percent inlR0to
15 percent by 2040 as referenced from other power
system operators [7].
. »: Power supply: Vietnam is located in Southeast Asia,
N N N N with many hills and a long S-shaped coastline afrov
1995 2000 2008 2010 2013 3200 km. The continental shelf of 1 million km2 has
Fig.2. GDP per capita, 1995-2015 natural gas and crude oil, and there are domestit c
reserves inland. In addition to fossil resourcdse t
geography offers above average potential for hystar
and wind power. Although all future power plantstie
1BAU scenario are the same as in the baseline Soenar
the PDP VII, the ALT scenario will open more rooar f

60

Hence, it is challenging for Vietham to achieve the
same power intensity level as the other countmethé
region. Based on the current development trends o
power intensities of the countries and correlatiafis
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power capacity from non-fossil fuels as presented i
Table.

Table 1. Power capacity potential by 2040 from reneables

Energy Type  GW Energy Type GW
Laerge hydro 17  Geothermal 2
Small hydro 4 Biomass 0.5
Wind 3 Solar 0.5

(Source: Combined from Master plan for renewableergyn
development in Vietham [8] and other relevant stadiom GTZ, WB,
ADB)

China, Vietnam so far has not officially carriedt @uny
study of the issue. Due to lack of sufficient dated
particular evaluations to calculate externalitytsan the
power sector, external costs factors are extrageiftom
other relevant studies in China. Airborne emissiorthe
present study for estimates of external costs dwlu
CO,, NOx, SQ and PM10.

(1) External cost for NOx, Sand PM10

Externzl costof emission (i) = CF;; « Totzl emission (ij)

External cost factors for NOx, $@nd PM10

— Dy . PPE [USS
1= ey PPR |tom
where: D: population density (person®m PPP:

In the two proposed scenarios, we examine energypurchasing power parity (billion US$), i = regign=

security and pollution aspects. The concept of ggner
security is often understood to be the developragial
maintenance of a reliable energy supply with affdd
costs and prices. According to the World Bank {Btee
key elements of global energy security are thefailhg:
energy efficiency, proper diversification of theeegy
supply and the ability to deal with volatility imergy
prices which should be considered as the long-tgrats
of the national energy development strategy. Irs thi

pollutant
(2) External cost factors for GO

There are several existing cost values o£.Ad0could
be 19 US$/ton that is an average cost ob €antrol by
European Commission (2003). It was also calculated
US$25/ton by Peter Rafaj and Socrates Kypreos [13]
based on adjusting the outcome of the ExternE praje
global level. Some studies on these issues in Chosts

paper some of the most important energy-relatedof CO; are 50 US$/ton [14]. In the present study, damage

indicators for the vulnerability analysis of susthle
development in Vietnam are proposed and are maasure

2.4 Estimation of external costs

Given the fact that estimation of external costs of
electricity generation requires complex databased a
integration of simulated models, externality-retate
studies face a number of uncertainties, unpredilitiab
and controversial
countries. In spite of these challenges, the metlogits
and results of the ExternE [10] project have bgglied
worldwide and become a well-recognized source.
Thomas Sundqvist [11] did a review of 132 studiesua
external costs of power generation, including caodl,
gas, nuclear, hydro, wind, solar and biomass poWee.
study found a huge disparity of external costsnesies.
For instance, the maximum external cost of coal grow
plants is 72 US cents/lkWh while the minimum valse i

costs of CQ is calculated by CO prices of CDM
projects in Vietnam as it is estimated at US$7ikdnich
reflects monetary benefits that power producersidcou
earn if they reduced COemission during electricity
generating activities. For historical and near-term
calculations, this value is acceptable and quitfulgor
both power producers and energy policy makersorig-
term projections, average @@ontrol cost of US$ 20/ton

conclusions across the selectedvould be used.

3. RESULTS
3.1 Results on energy security

Electricity generation and intensity

Fig. 4 presents the annual electricity generatioiath
scenarios. This increase of the total power geloerat
raises its total costs in the BAU scenario appretéty
15-fold, and the costs reach 28 billion US$ in 2040

only 0.06 US cents’/kWh and the mean value is about.ompared to 1.8 billion US$ in 2010.

14.78 US cents/kWh. It is basically due to: (1) #ie
specific of power plants with uncertainties of caasd
nature of health and environmental impacts; (2)
Convergent validity: Applying different methodolegi
to estimate external costs of a power plant mayg lea
different final results; (3) Scope: the boundary of
external cost studies can cause differences irfitiad
results; and (4) Assumption: the initial and basic

Fig. 5 (@) and (b) graphically present the power
intensity in terms of MWh per capita in selectedafis
countries and for the two scenarios for power
development in Vietham over the period from 1971-
2040. In the BAU scenario, Vietnam’s power inteyisit
in the lower group, with the Philippines and Indsiae
However, in the period from 2005-2015, Vietham's
power intensity is growing very quickly and will

assumptions may affect the accurateness of esimategyertake China by 2025. The pattern of the power

lack of adequate and suitable socio-economic vialuat
studies.

intensity increase is the same as in Malaysia, Wit
slightly faster growth, and the power intensity is

Recently, Stefan Hirschberg et al. [12] has beenprgjected to equal that of China by 2025. In theTAL

researched and applied the methodologies of therikt
to estimate externalities of the Chinese poweresgst
Specific results for Shandong province are found an

scenario, all countries would have approximatelg th
same growth pattern for power intensity, and the
correlations among the power intensities of thentoes

these are extrapolated to the whole country. Unlikeqq not change during 2005-2030.
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Fig.4. Electricity generation in Vietham 2010-2040
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Fig. 5. Power intensity: (a) MWh per capita and (b)
MWh/Mill.USD.2008 of selected Asian countries, 1972030

The overall productivity of power use indicates the
amount of power in MWh used by a country to prodaice
million US$ of its GDP. In the BAU scenario, Vietnas
power intensity is nearly twice as high as Malagsia
Even in the ALT scenario with higher energy effiagy,
the power intensity of Vietham remains the highest
among these countries. In fact, the unusual trémdise
power intensity changes in Vietnam could be reczephi
Although the patterns are an inverted-U-shape & th
environmental Kuznets curve [15], the figures d&td
to few concerns regarding the high power intengity
Vietham from 2015 onwards.

Energy dependence

The net energy import dependence is an indicatian t
assesses how much a country relies on energy isfmort
maintain its national energy balance. If a couhgvily
depends on energy imports, it definitely faces tis&s:

14C

supply shortages and higher prices. Overall, the ne
energy import dependence increases gradually ih bot
scenarios. The BAU scenario has a higher share of
imported fuel-based power capacity. This higherresha
means that the domestic exploration of conventional
energy for power generation is fully consideredalh
scenarios. The power system must mobilize imported
fuel or electricity to satisfy each additional epemnit

on the demand side.

70% -
60% -
50% -
40% -
30% -
20% -
10%
0%

BAU

Fig.6. Percentage of imported fuel-based power capiy in
Vietnam, 2010-2040

The results of the LEAP simulation (Fig.6) saysttha
coal would account for the largest share of totahary
energy imports in years to come. By 2030 in the BAU
scenario, of the 32 percent of total electricitygetion
derived from imported fuels, including electricignd
fossil fuels, 66 percent are from coal. Until 2040wer
generation from imported coal accounts for 40 paroé
the total generation.

Because of frequent fluctuations in fossil fuelcps
and the recent worldwide economic crisis, the sgcaf
the energy supply has been the primary concermypf a
national energy development strategy. This indicato
presents the effect of expenditure on a single dueine
group of fuels in a country on its GDP. The highties
GDP, the higher the fuel bills for electricity geagon.
From a macroeconomic perspective, any change in the
indicator could make a country more vulnerable.

Differences in the fuel mixes and power intensities
the scenarios lead to different levels of vulndigbfor
Vietnam’'s GDP. The BAU scenario is more vulnerable;
the ratio of the imported fuel bill for power geaton to
GDP is approximately 2.3 percent by the year 2040.
With the lowest power demand among the scenatiés, t
ratio is less than 1 percent by 2040 in theTAL

In Vietnam, the domestic coal supply is currently
sufficient to meet the demand for power generation.
Accordingly, international coal prices do not muaffect
coal-based electricity generation costs. However,
according to recent reports from official energgrges,
Vietham started importing coal for power generation
2013. Afterwards, the volume of imported coal will
increase annually to meet the higher demand in the
power sector. Being an imported-coal dependenttcpun
makes Vietnam easily vulnerable to any change$en t
coal supply from foreign partners and to internadio
coal prices.
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Energy efficiency in generation and transmission sectors the new power plants are combined cycle gas turbine

The poor average heat rate of coal-fired powertplan  Plants that have average efficiency up to 55-5@qrer
another component of this vulnerability. The heaerof ~ Average efficiency of thermal power plants, therefo

a coal-fired power plant is the ratio of the enefgym  Will increase

coal used for electricity generation to the eledtyi Power loss has been a real challenge to Vietnam’s
produced from the plant. Technically, the heat mid  power system. The system has undergone situatibns o
the overall efficiency of a power plant are synosym Very high power losses of up to 25 percent in tte |
The overall efficiency of a power plant is calcethtby ~ 1980s and 21 percent in the early 1990s (EVN arq.IE
inverting its heat rate. In this study, the chaimehe Recently, total transmission and distribution power
average heat rate value is calculated and is aedlpy  losses decreased to 12 percent by 2005 and aect#0)
adjusting the average efficiency of the coal-fimmiver ~ to decrease to approximately 11 percent by 201 It
plants in the power system. As discussed earllee, t €xpected to reduce to 7.5 percent in 2025 (TSD VI,
average current efficiency in Vietnam is approxiehat  Institute of Energy). Current, total network lossefs
36-38 percent because of the large number of tealiyi ~ European and North American countries are around 7
backward coal-fired power plants in the power syste percentl. If the target of 7.5 percent could beled in

As recommended by the Institute of Energy Economics time, it is a great success of Vietham’s power esyst
Japan (IEEJ), the efficiency of coal-fired poweark planners and operators.

should be benchmarked at 43 percent in Asian ciesntr ~ On the other hand, average self-consumption of powe

Thus, Vietnam has a large technical margin to impro plants is rising from about 3 percent in 2005 taerihan

the efficienciesf its coal-fired power plants 4 percent in 2025 because of the increasing shére o
thermal power plants that generally have higher grow
self-consumption as compared to non-fossil baseeepo

) o T ] o plants. The overall, total power loss in the posgstem
This efficiency indicator is to measure the efffg of s decreasing from nearly 15 percent in 2005 te than

the energy/power supply. Improving the efficiensy i 12 percent by 2025.
important to sustainable development objectives inlnvestment fuels and O&M costs

general in a country in terms of reductions of fuiyn .

impacts. Yet there is not any one internationayegior  fotal generation capacity of Vietnam in 2040 in the

recommended standard for energy efficiency. alternative scenario would also be 126 GW compéved
Efficiency of energy conversion processes and powerl86 GW in the BAU scenario. In the BAU scenari th

losses in transmission and distribution grids areCumulative investment cost for power generatiormfro

important to technical and economic aspects ofwepo 2010 to 2040 is approximately 305 billion US$ and f

system. To technical aspect, high efficiency ofrgpe  Most of the years during the planning period, thieual

processes could improve power supply quality afeg i investment costs account for approximately 3 p&roén

time of power devices. In economic aspect, primaryVietnam's GDP. Compared to the BAU scenario, the

energy resources for power generation can be reduge ~ reduction in investment costs over the period f2oto-

improving efficiency of the system. Besides, radgc 2040 in the ALT scenario is 80 billion USS.

fossil-fuel consumptions could make remaining fessi_ 3.2 Results for environmental externalities

fuel reserves last longer and reduce the negative . o

environmental effects caused by activities in tlogver Cumulative emissions

sector. In detail, this indicator consists of two The cumulative C® emitted in the BAU scenario is

Efficiency of energy transformation process and
transmission and distribution

components: (1) efficiency of power plants and &lf- higher than that in the ALT scenario. Similar réswre
consumption of power plants and power losses inseen for the other three pollutants. In the BAUnaci®,
transmission and distribution grids. the total CQ emission from power generation increases

The first component examines average efficiency ofby more than 16-fold to 711 million tGOn 2040
fossil-fuel-based power plants in the power system relative to 44 million tC®@ in 2010 whereas the total
group of fuels. The average efficiencies are evatlizo electricity production grows nearly 10-fold in tkame
present at which level of efficiency power plants i period. Both scenarios present slightly increast@
Vietham are. In the current system, average effayeof emission intensities up to 2040; the ALT scenaads h
coal-fired power plants is 37-38 percent. For afl gas- lower CQ emission intensity of 524 tCGQper million
fired power plants, average efficiencies are 30cger US$ GDP while in the BAU scenario this figure is
and 48 percent, respectively. These efficienciessitl approximately 850 tC®per million US$ GDP in the
quite low because of backward energy conversionsame year of 2040.
technologies used in the power plants. In yearstoe, External costs
average efficiency of coal-fired power plants iempised
to increase due to modern technologies applied an
obligatory regulations on minimum efficiency of a
thermal power plant. Oil based power plants wilt he
attractive to develop in Vietnam in the future hesm of
its decreasing capacity. Recently, average effigieof
gas-based power plants has increased because fost g,

dl’ he external cost factors used to calculate thesa t
costs of electricity generation in the power syst@m
shown in Table 2, which includes the external cfst0

! Leonardo Energy Forum: A Leonardo Energy White ePap
egrated energy planning, 2010
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US$/ton for CQ. During the period from 2000-2009, the these fuels not only because the prices fail ttude the
external costs per kWh generated in Vietnam deetkas costs of health and environmentdhmages but also
from 2.1 to 1.5 US$ cents per kWh. However, thimiea because of the market organization. Vietnam's
subsequently increases during 2010 to 2040 frontdl.5 government sets upper limits for average elecyricit
2.4 US$ cent per kWh. This increase occurs in Itle¢h  prices and does not give any direct subsidy totrbity
BAU and ALT scenarios. In relative terms, the tatast utilities. The subsidy is given through the pridescoal
increases continuously from 1.4 percent of Vietsam' and gas in the power sector. These prices are Ithaer
GDP to more than 3.0 percent over the period fr@i02 market prices, from 50 to 20 percent, dependindghen
to 2040 in the two scenarios. type of fuel and the ownership of the power plant.
Normally, long-term fuel supply contracts are sidjfey
Table 1. External costs factors of emissions and EVN (Electricity of Vietnam) and TKV (Vietnam
renewable power in Vietham National Coal and Mineral Industries Group) or PVN
USS$/ton (Petro Vietnam). For EVN, the biggest state-owned
electricity company), the average electricity coate

NOXx 1328 currently lower than the electricity tariff from eh
SO 2 047 government. However, the prices for electricity
PM10 1 460 purchased from independent power producers could be
CO, 720 highe_r than the tariff SO E\_/N must fill the gap. @ate,
EVN is the only buyer in Vietham’s power marketysh
$US cent/kWh the power market in Vietnam is not a full competi
Nuclear 0.88 one. How to attract more investments into the power
Biomass 1.87 sector, especially into non-fossil fuel-based poplants,
Hydro 0.61 is still a difficult question to the country.
Geothermal 0.09 350 -
Solar PV 0.11 300 | =
Wind 0.27 OBAU
250 1 |
The major challenge for the low penetration of 200 - Oaltemative
renewables in power generation is the relativelghhi 150 |
prices of these energy sources, not their physical
availability. Currently the prices of fossil fuekbed 100 1 4
electricity generation do not reflect their fullcal costs. 50 ﬂ_‘
How to attract more investments into the power a@ect 0 .
especially into non-fossil fuel-based power plargstill 5 o ® © & N "
a difficult question to the country. & & & &
. & F F W & & &
Total costs of the scenarios P O & o Qc}\° &
Fig.7 presents the total costs by break-down compisn & Q@*‘a \Q&P & _\é&
(investment cost, domestic fuel cost, imported fuast, v &
O&M cost, CQ cost, local pollutants cost and external _@“ﬁ“’
costs of non-fossil fuels) and by scenarios (BAW an <

Alternative). The results present that applyingrgpe  Fig. 7. Total costs (Investment costs, O&M costs, éls costs
efficiency measures and using more renewable energydomestic & imported), external costs) by scenarigbillion
sources in the electricity sector could bring cdesible ~ US$2008)
economic benefits for Vietnam during the simulation .
period from now up to 2040. The country would besle Even excluding external costs, the total coststifier
vulnerable to the international energy prices, eits generation sector in t_he_ ALT scenario are lowemtha
and increasing demand for power. When the burden of0se of the BAU. This is a point to tell us thattiae
high investments for new power capacities to fied t Moment as well as in few years to come, the externa
economy would be abated then Vietnam could haveCosts are not senqusly under consideration ofptlmger
more financial sources for its other developmergas ~ Sector, Vietnam still should go for the green eleity
such as infrastructure and living standard improsets: development scenarios due to economic benefits that
Those results point to two issues in the future theSe scenarios could bring to the country.

evolution of Vietnam’s power sector: (1) the peattm
level of non-fossil fuel-based power capacity adgthe 4. DISCUSSIONS AND RECOMMENDATIONS

allocation of external costs to attain sound dgwelent 4 1 Externality and low carbon development
in the power sector. The major challenge for the lo

penetration of renewables in power generation & th We would note three key features of the low carbon
relatively high prices of these energy sources,thetr ~ transition. First, the market prospects of low carb

physical availability. The prices of fossil fueldesl  technologies differ from those of most of the core
electricity generation do not reflect the full salotost of ~ technologies of  previous industrial  revolutions.
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Crucially, they primarily deliver a social benefig., the  results of external costs in Vietham’s power sector
public good of mitigating climate change, rathearth which external costs of fossil fuel based eledfyici
purely private benefits to the individuals or firms generation are much higher than those of electrfoim
adopting them. In the language of economics,renewable, for instance, 4 times in case of coalgr@as
greenhouse gas emissions are ‘externalities’ tteahat compared to hydro power. If external costs arenakto
fully traded and priced in markets, because theiraccount, renewable energy would be more than &tteac
reduction as yet lacks durable, credible marketueial than its current trend. Fig.8 and Fig.9 illustratere
Hence, addressing climate change is an issue fetgo  about the point.
in general and cannot be achieved solely through th
responses of private markets, buyers and selldns T Cost
point suggests a more prominent role for publidgyain .
‘managing’ this transition than in many, althougit all, \
previous energy transitions. It also raises maj@stjons
about the roles and influence of key societal actor
especially government, market and civil societypext

Second, related to this, policy strategies, actiamd .
instruments concerned with a low carbon transitoe o, iy -
strongly influenced by the interplay and trade-offs :
between climate and other energy policy objectigsash
as energy security, affordability and international .
competitiveness.

Subsidy for renewables

Y

time
Third, the time scale for achieving a low carbon Fig.9. Policy option: Subsidy for renewables
transition of the order needed to meet challengartpon
emission reduction targets by 2050 would be
significantly shorter than previous comparable sidal
transformations. These three significant contextual
features influence whether and how a low carbon
transition might also constitute an industrial rexion.

Cost ry

Extemnal costs included

4.2 Technology learning curve and energy transition e e -
¢ b

Cost H H
Curve 1 —
Renewable H

Fig.10. Policy option: external costs

Curve
fossil fuel

The internalizing external costs into the powen®ec
“the equilibrium point” at which renewable energyuid
be as competitive as fossil energy will come egrfiem
to to t, because of the shifting up of the cost
development of fossil fuel. Thus, it speeds up the
Fig.8. Energy technology options by type and cost penetration of renewable in power sector. Howettae
equilibrium cost @ is higher than “the natural
equilibrium cost @ and it requires a higher investment
on 1MW installed power capacity at the poiatas
compared toot This to some extent could lower interest
of investors on developing renewable energy. Anothe
tool to prepone “the equilibrium point” is subsidgr
power generation from renewable energy. The subsidy
would be implemented by several methods, such as
subsidy in tax, land, capital costs, low interesin or
feed-in tariff for electricity generated from rensle
sources. The subsides could move the curve of cost
development of renewable energy down then the
equilibrium point will shift from § to t. In this case, the
equilibrium cost Gis lower than the natural equilibrium
cost G. This lower cost may attract more investments on
renewable energy. From the results of two casagach
high penetration of renewable energy in the power
system with reasonable costs, it is very necessary

g time

Based on Hohmeyer’s approach in his study [16], the
cost development of energy technology by time is
illustrated in Fig.8. The curve 1 presents the sost
development of renewable power technology. This
decreases continuously because of reducing resaatcth
development (R&D) costs on renewable technologies,
and effects of increasing scale. On the contréw/ curve
2 presents an increasing trend of the cost devedapof
fossil fuel based energy technology that is causgd
increasing scarcity of fossil fuel energy. The @&sv
present ‘pure’ cost development, without any exgiy
considerations. Obviously, in the first stages of
development beforeo,t renewable energy is as not
attractive as fossil energy in the term of costhe T
moment ¢ differs from country to country. However, the
current situation of Vietnam’s power sector sholat it
is quite far to reach the momenthy itself. From the
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combine those tools, internalizing external costl an reasonable and affordable levels. Higher elecyricit
subsidizing renewable energy. It needs macro msliat  prices could make electricity users more vulnerable
the governmental level. higher electricity bills. Moreover, it could negatly
affect a number of vulnerable indexes as discussed
earlier in this study, such as level of modern gper
The second external-cost-related issue in the dutur services; electrification, hunger eradication amdeuty
evolution of the power sector in Vietham is th@eadition reduction processes, the consumer price index (€Rl)
of external costs. Particularly, it relates to kota Recently, the Vietnam Energy Association proposed
investment in the power sector. Presently thesess@e  increasing average retail price of electricity ab&0
not taken into account by both electric power tigii and ~ percent, from 5.5 to 7.8 US$cents /kWh because théh
the government. Although in recent national officia current retail tariff, EVN have no profit and eveet
reports in power sector, environmental concernstbas losses. The proposal is still controversial, esgBci
be presented, most of them are qualitative. facing opposite opinions of the public. This exampl

To date, no monetary valuation of externalities in shows that to successfully internalize externatscas
power sector is implemented in Vietnam. Therefore, practice, it needs a clear quantitative monetary
internalizing external costs into electricity geaten evaluation and an appropriate scheme to go for.
sector is very controversial and challenging. Relgas  However, in the long term, the internalization gfeznal
type of performance, it definitely affects the istment  costs could increase the efficiency of power usd an
on power generation sector. Assume that the govenhm reduce power intensity of the economy. Therefote, i
would expend a part of its public expenditure to could lead to a more sustainable development of the
compensate human health and environmental damagesiture power system in Vietnam
caused by power generation activities. If this anids
included in a fixed amount that government plans to
invest in power sector, it will lower real MW cajitgcas
promised. If not included, the expenditure on exdér To develop a strategy for internalizing of externabts
costs could reduce investment opportunities in rothe in the power system of Vietnam, we propose a |lagaé
sectors, thus economic growth of the country cdaéd as presented in Table 5 (see Appendix). This ldgica
vulnerable. Evidently, the expenditure is for sbcia framework describes both a general approach, in the
benefits and to improve living and environmental form of a log-frame matrix, to programme planning,
quality. However, back to the ideas of the Kuznets’ monitoring, and evaluation. It encourages policykena
curves, at its current stage of development, Vietea to consider the relationships between availableuess,
government is not expected to compensate direbdy t planned activities, and desired changes or restilbs.
total externality caused by the power sector achieve the main goal of successful internalizirfy o

The second stakeholder in the external cost allmtat external costs in the power system, main actividies
scheme is the existing power plants operators trdu  estimations of both internal and external costeath
investors in the sector. Additional investments in type of electricity generated from different primar
external costs would increase the total capitat pes energy sources and in different regions. A numbfer o
MW installed power capacity, resulting in less new indicators are calculated to measure the efficiesfcthe
installed capacity in the power system. To somemxt  strategy in each stage and in different dimensidints
pollution is “an unavoidable factor’ of any industr framework also gives means for monitoring and
especially in power industry. If external costs are evaluating the outcomes of the programs. Curreatlgh
internalized, power producers have to deal with asteps are not paid high attentions and even igrioyede
cost/benefit analysis: more investment costs inh-hig programs regarding energy efficiency and envirortalen
quality human source, more efficient technology andassessment in developing countries like Vietnam.
pollutant control equipments vs. benefits from the Previous analysis by Larazic and Maréchal [17] has
reduction of social and environmental damage shown that adopting an evolutionary perspectiveéhia
punishments. Therefore in the long term, the policy process could help policy makers in dealvith
internalization of external costs may increase theenergy- and climate-related issues such as inieimzl
efficiency of power generation and the cleaner gner external costs because traditional cost-efficieatisures
conversion technologies used in the sector. Neel$h,  could fail to address structural barriers rathemthring
when compensation for the damages is obligatory toabout the required radical change in the field mdrgy.
power producers, electricity production cost wilkiease  However, if Vietnam could explore appropriate measu
as an inevitable result. If Vietham’s governmentuldo  for the internalization of external costs, it coindrease
compensate for the electricity price differences to the efficiency of power use and reduce power iritgms
maintain affordable prices, it will bring us baak the the economy. Therefore, it could lead to a more
first analysis mentioned already above. If not, pow sustainable development of the future power system
end-users will suffer these increases. Also powet-e Vietnam.
user is the last but very important stakeholdeftire
external cost story”. 5. CONCLUSIONS

The fact in Vietham that electricity prices areefixby

power companies under regulations of the governmentOUr Simulations show the extent of the sustaingbili
Vietnam’s government has tried to control the sia¢  challenges for the power sector in Vietnam, andiiles

4.3 Allocation of external costs

4.4 A strategic log-frame for introducing external costs

into electricity generation
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one pathway to develop the power sector in a moreGrowth Strategy of Vietham (GGSV) was published in
sustainable way. Renewable resources —hydro, widd a September 2012 [18]. Vietham is one of the first
solar— have a large potential capacity in Vietndomt developing countries in the Asia-Pacific region to
both our scenarios explored a power generation mixdevelop such a green growth strategy. Power sector
dominated by fossil fuels for the next three desadie changes are expected to play an important rolehén t
this context, energy dependence, pollution andscaste  green growth strategy. Reducing emissions from the
increasing sources of concern that can be allaliate energy sector and promoting clean energy production
and use are two strategic tasks in the GGSV. Th8\GG
aims to develop the infrastructure to improve thére
efficiency of the society. This improvement alignigh

the key assumptions in our ALT scenario, whichhiat t
Vietham catches up in the energy efficiency with
” . X . neighbouring countries. Lower energy demand i
critically on international markets. In the BAU seeio, to '?he greer?er growth scenario thagtjyis describ:tfir%s

the cost of fuel imported for power generation . . :
approaches 2.3 percent of the GDP by the year 2040study and simultaneously improves energy security,

This result is not fatal. In the ALT scenario, thatio pollution and costs

remains below 1 percent at the same date. This
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