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Introduction 

Vietnam is confronted to the challenges of sustainable development in its three dimensions: 

balanced economic development, equity in its social development and environmental 

protection. In fuelling the economic and demographic growth in Vietnam, energy has a critical 

role to guarantee this sustainable development. Over the last decades, a number of reforms in 

the central planning economy have led Vietnam to faster economic growth with annual rates of 

7-8%. The demand for electricity has increased twice as fast as the Gross Domestic Product 

(GDP) during the same period, and annual growth rates of about 17% has been predicted for 

the electricity demand for the period from 2010 to 2030 (Institute of Energy, 2009). However, 

the development of energy for fulfilling material needs to the economy growth has also been 

accompanied by a number of challenges. 

Economically, there arises changes in primary energy resource base thereby the increasing 

reliance on energy supplies from aboard is foreseen for the years to come (Institute of Energy, 

2009; World Bank, 2010a). Although the availability of indigenous primary energy resources is 

not going to be an immediate threat to the security of energy supply, a question arisen is that 

can Vietnam afford to allow the current patterns of energy production and consumption to 

continue in the context of uncertain fossil fuels prices at global level? According to World 

Bank (2010a), the expected development of electricity production using large-scale coal and 

electricity imports, and increase in international oil prices will only make energy costs rising to 

Vietnam’s consumers and could lead the power sector to potential vulnerability of international 

energy price fluctuations. Such volatile energy costs in the power sector could further 

contribute to increased poverty, political pressures, and instability. Changing these 

unsustainable patterns is, thus, the major challenge for the Vietnamese power sector. 

Financially, the energy infrastructure development in Vietnam in particular in electricity 

distribution and commercial fuel supply lags the demand growth due to a major barrier of 

insufficient access to financing sources (MOIT-JICA, 2008; World Bank, 2010c). In practice, 

the electricity price is administered in Vietnam and policy makers lean toward controlling the 

price at a level moderate enough to enable the domestic products to be competitive in the 

global market. Besides, the fuel and electricity prices tend to be widely subsidized, creating 

large deficit in the public companies. This low and inadequate electricity pricing scheme 

makes it less attractive to investors to lay down their funds for electricity supply projects. 

Moreover, global economic downturn also slows down new investment in energy as it is the 

largest capital-intensive sector. Thus, the country is extremely facing the pressure on obtaining 

the necessary finance for the request of expanding the electricity generation industry while 

government resources should be also requested for investment in other socioeconomic areas. 

Technologically, increasing supply efficiency and passing efficiency gains to consumers has 

been always a real technical challenge in Vietnam. The energy supply loss, within the power 

sector, was about 10.8% in 2010 (NLDC, 2010b). Very high energy intensity suggests also that 
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inefficient energy use, in terms of energy technology and behaviour, should exist within the 

given the absence of price incentive. This contributes to the rapid but uncertain increase in 

electricity demand and affects the stability of the supply system. As a consequence, the chronic 

problems of power shortages and poor security of electric power supply often occur hampering 

the economy and daily life of Vietnamese people, especially the medium- and low-income 

people and people in rural areas. 

Socially, there exists three basic features related to sustainable electricity supply goals: 

accessibility, affordability, and acceptability. Particularly for rural areas,  the electrification 

aims to bring people to modern health and education services, poverty alleviation and gender 

equality. In fact, though Vietnam has achieved significant electrification rates in recent years, 

the access to electricity and modern services is still limited in many rural places, even 

impossible for people living in mountainous and very-remote areas. Besides, some rural areas 

have grid-connected systems, but people still suffer many handicaps and hardly affordable to 

access because: the local electricity grids are very poor and very unreliable, expensive costs 

of connecting grids, electricity tariff somewhere is higher than that in urban areas due to very 

poor system management locally and high power loss. Given a high economic growth, the 

power sector is likely to expand based on large-scale coal fuel in the years to come. Yet  

increasing the use of fossil fuels to meet growing worldwide demand for electricity, especially 

in developing countries, goes against the need to prevent dangerous climate change globally, 

by which Viet Nam is estimated as one of the most vulnerable countries to global warming. 

Moreover, Vietnam's geography makes it one of the most disaster-prone countries in the 

world, suffering from typhoons and tropical storms, floods, drought, and landslides. An 

inappropriate exploitation of hydropower resource for expanding the electricity supply 

industry may also become environmentally and socially unsustainable such as: deteriorating 

watershed forests, causing effects on biodiversity and ecosystems, increasing floods, etc. 

Environmentally, rapid economic growth based on heavy use of fossil fuels along with the 

expansion of power sector over the last decade is responsible for an alarming increase of air 

pollution and deterioration of local air quality in Ha Noi and Ho Chi Minh cities. For 

example, air pollution brought about 22% of chronic pneumonia cases and one-third of 

respiratory inflammations in Vietnam from 2001 to 2003 (USAID, 2007; IEA, 2010). In terms 

of increasing CO2 emission inventory, we estimate a large amount of 7.2 Gt of CO2 

cumulative emissions would be emitted by the power sector from 2010 to 2040 because of the 

dependence on burning coal fuel. This  figure is about 70 times larger than the total 103 Mt of 

CO2 emissions emitted from fossil fuels combustion in Vietnam in 2008 (IEA, 2010). 

Moreover, the sector could become a large emitter of local pollutants, with cumulative 

emissions of up to 15 Mt of SO2 and 8 Mt of NOX over the same period. These figures are 80 

folds larger than the 128.2 Kt of  SO2 and 102 Kt of NOX emitted by the sector in 2006 

(Nguyen and Ha-Duong, 2009). 
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Structurally, like most parts of the developing world, the Vietnamese power sector still be of 

the structure of vertically integrated (quasi-) monopolist and state entities keep a central role 

in the sector. Given the increasing pressure on the current unstable situation of the power 

sector and its poor performance, the need of sector reform is recognized by Vietnamese 

Government and becomes an imperative action in order to attract a broader cluster of 

participants to invest in the sector, improve its performance in terms of quantity and quality to 

support economic growth, while ensuring reasonable and fair costs to consumers, and 

efficiency. However, the question that how to implement the reform effectively so that it 

could achieve the desired outcomes and adequate to the specific circumstances of the country 

still exists as a practical challenge. 

Today, a strategy for sustainable energy development is set up with the four lines of business: 

direct poverty alleviation, macroeconomic equilibrium governance and private sector 

development, and environmental sustainability (World Bank, 2009). In fact, these goals are not 

new, but circumstances change: we have to consider urgently the climate change-related 

challenges and look for opportunities of increased sustainable development in conjunction with 

international carbon emissions mitigation.   

But the right moment has come for Vietnamese Government to review the past progress of the 

development road and have stronger and proper policies towards a future sustainability. 

Specially, the issues of energy development related to sustainable future should be taken a 

larger part in the development agenda of Vietnamese policy decision-makers. 

The objectives of the dissertation: The kernel of this dissertation aims to exploit by 

optimisation methods and empirical studies the issues of sustainable development in the 

Vietnamese power sector for the next thirty years. It then examines the ways to implement 

sustainable energy options for the power sector in practice. To accomplish these two 

objectives, the study focuses on different, but related, issues with these two methodologies: 

(i) In the first part, we develop the bottom-up Integrated Resource Planning (IRP) model 

to provide a more exhaustive assessment of the current state and future prospects for 

the Vietnamese power sector in next three decades. Then, using a comparative analysis 

and a vulnerability analysis that is based on the IRP simulation, we analyze energy-

development-related vulnerabilities that the sector could face, in terms of economic 

and socio-environmental dimensions. We further develop the IRP model, in such a 

way representing realistically the marginal abatement costs of carbon emissions 

reduction by considering non-zero carbon values and carbon emissions constraints, in 

order to simulate sustainable energy supply options for the power sector. 

(ii) In the second part, we study the major barriers against the wider adoption of 

sustainable energy development options in practice by using analytical hierarchy 

process-based formal surveys among national experts. Then, we use an empirical 

analysis approach to examine different appropriate policy means including incentive 

instruments/schemes and sector reform for such a sustainability of the power sector. 
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To the end, we analyze the access to feasible financing sources for sustainable 

development in the Vietnamese power sector.   

In electricity industry, utility planners often use simulation and optimization tools to address 

the dynamic process of electricity energy planning according to changing conditions. To 

response to increasing concerns about energy supply costs, the environment degradation, and 

related risks, the traditional electricity energy planning has been redesigned thereby planners 

have moved towards the so-called integrated resource planning (IRP). Today, in spite of the 

increasing irrelevance of the IRP in many developed countries, where one exploits the 

efficiency of private sector, and other viable and potentially valuable resources that may 

further reduce the costs, and relieves the debt-ridden public utility sector of financial burden 

for new investments, this is not the case in most parts of the developing world, especially in 

Asia where power sectors still remain the structure of vertically integrated (quasi-) monopolists 

with or without Independent Power Producers (IPPs) and state electric power utilities keep a 

central role in the sector. The principles of the IRP still remain a valuable tool for power 

sectors to address their existing problems and ongoing reforms. The present study develops the 

bottom-up IRP model using the principles of the integrated resource planning. This model uses 

mixed-integer linear programming (MILP) to compute a lowest-cost electricity generation 

capacity expansion plan. Specifically, the IRP model is used to simulate programming 

sustainable development options for the Vietnamese power sector and analyze potential 

vulnerability that the sector could face under the current energy development policy. These 

sustainable energy options include energy efficiency improvements, renewable energy 

(renewables), and carbon capture and storage (CCS). 

The organisation of the dissertation: This dissertation is organized with the two major parts: 

namely A and B. The introductive chapter 1 explains the main issues of sustainable 

development related to the energy system situation in Vietnam. In follows, the Part A examines 

successively three technological options possibly contributing to a more sustainable 

development. Chapter 2 discusses about energy efficiency improvements including demand-

side management (DSM). Chapter 3 is about renewable energy (renewables), and chapter 4 

about carbon capture and storage (CCS). The Part B takes a more holistic stance to address 

three pragmatic issues. Chapter 5 compares quotas versus carbon prices for CO2 emissions 

mitigation in the Vietnamese power sector. Chapter 6 analyses the social barriers to the 

adoption of renewables and higher efficient coal-based generation technologies, based on a 

domestic expert survey. Then, it analyses different appropriate policy means including 

incentive instruments/schemes and sector reform for solving the major barriers towards a 

sustainable development for the sector. Chapter 7 discusses financing for sustainable 

development in the context of international climate policy. To the end of the dissertation, the 

Chapter 8 summarizes and concludes. The electronic supplements are also annexed to the 

dissertation. They include a details presentation of the IRP model and its parameters, and 

copies of the published articles/chapters. 
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Within this extended summary of the PhD dissertation, to follow section 1 (chapter 1), the 

section 2 shows out the main research outputs (on page 26) and the section 3 presents 

concluding remarks (on page 37). The following parts of this introductive summary present the 

problem of statement, the objectives, and the methodology of this research thesis. 

1. Socio-economic development and energy system situation in Vietnam 

1.1 Socio-economic development and energy system situation 

1.1.1 Socio-economic development situation 

Geographical and social features 

Figure 1-1: Vietnam lies in the center of South East Asia. 

Located in the region of South East Asia, Vietnam owns a long 

coastline of over 3,200 km, and approximately 331,212 km2 

area. The country borders with China in the North, Laos PDR in 

the West, and Cambodia in the South (Figure 1-1). 

Vietnam experiences typical tropical monsoon climate in the 

Southern part with two seasons: rain season (from May to 

September), and dry season (October to April) while the 

Northern has monsoon climate with four distinct seasons: 

spring, summer, fall, and winter. 

Source: Khanh Toan, P., (2010). 

Vietnam is ranked as the thirteenth most populous country in the  world. By 2010, Vietnam’s 

population is over 88 million, growing about 1.3% annually over 2000-2009. The population 

density grew at 1.7% per annum with 199 capita/km2 in 1990, reaching at 263 capita/km2 in 

2009. The fraction of the urban population was 19.5% in 1990. This rose faster to 24% and 

29% for the following years 2000 and 2009, respectively (VGSO, 2010). The growth rate in 

urban population implies a fast urbanization an on-going industrialization process in Vietnam. 

Historical economic growth 

Vietnam has experienced remarkable economic development since 1986 through the 

performance of the reform policy "Doi Moi", implementing several plans of socio-economic 

development. Over the period 1990-2009, Vietnam’s economy achieved a rapid Gross 

Domestic Product (GDP) growth with an average increasing rate of 8% (Figure 1-2). However, 

in term of nominal GDP and nominal GDP/capita, Vietnam still lies at low-income level by 

2009. IMF (2010) provides that in 2009 Vietnam achieved US$ 1,060/capita, being positioned 

in the late developing group of ASEAN and behind other neighbours such as Indonesia, 

Thailand, Malaysia, Singapore, Philippine, etc. 
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Figure 1-2: The historical fast growth of GDP in Vietnam over the period 1990-2009. 

 

Source: IMF (2010) and VGSO (2010). 

As an exporting country of agricultural products, Vietnam is currently the second biggest rice-

exporter in the world. The revenue from exporting other principal agricultural products (coffee, 

cashews, maize, pepper/spice, sweet potato, pork, peanut, cotton, fresh vegetables & fruit, 

rubber, etc), plus extensive aquaculture of both fish and shellfish species also gives significant 

contribution to the national GDP. The agricultural sector has contributed over 20% of the 

country’s GDP during the last two decades. In apparel with economic growth and global 

integration, Vietnam’s economy structure has gradually moved forward industrialization and 

urbanization (Figure 1-3). Since 2000, the fraction of the country’s GDP accounted by 

agricultural sector has continuously reduced from 24.5% in 2000 to 20.3% in 2007 whilst GDP 

share of industrial sector has increased from 36.7% to 41.6% over the same period. 

Figure 1-3: Sectoral shares of the national Gross Domestic Product over 1990-2009. 

 

Source: VGSO (2010). 
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Expected future economic growth 

There are 3 scenarios of economic growth predicted for the next 30 years. The forecast is built-

up upon the following key parameters: (i) economic-development scenarios and modes of 

other countries locating in the area of active-economic-development nations including South 

Korea, Taiwan, and China; (ii) factors that mainly affect economic growth including attract-

ability of foreign investment inflows such as Foreign Direct Investment (FDI), Oversea 

Development Assistance (ODA) source, impacts of technology innovation, deflation of GDP, 

basic hypotheses of economic growth, etc. (Institute of Energy, 2009). 

As a result of the forecast, Vietnam would become an industrialized country, in a low 

economic development scenario, by 2020, in which the country’s GDP growth rate of 6.2% 

reached over 2006-2010 yet, expected to increase up 7.0% over 2010-2020, remaining 7.0% 

over 2020-2030, and gradually decreasing to 6.5% over 2030-2040. However, even this 

scenario of low economic growth seems optimistic and challenging to achieve in the current 

context of global economic crisis. Table 1-1 presents the prospects of economic development 

in Vietnam for the next 30 years under different conditions predicted by Vietnamese agencies. 

Table 1-1: Scenarios of future economic growth predicted by Vietnamese agencies 

Economy growth (%) predicted in a high growth scenario 

No. Sector 2006-2010 2011-2020 2021-2030 2031-2040 

1 Industry&Construction 11 10 8.5 7.0 

2 Agriculture 3.5 3.0 2.5 2.0 

3 Service 8.0 8.4 8.3 7.5 

4 Total GDP growth (%) 8.5 8.5 8.0 7.0 

Sectoral shares of GDP predicted  in a high growth scenario 

No. Sector 2010 2020 2030 2040 

1 Industry&Construction 45.0 50.1 51.1 49.7 

2 Agriculture 17.1 10.8 6.9 4.6 

3 Service 37.9 39.0 42.0 45.8 

Economy growth (%) predicted in an average growth scenario 

No. Sector 2006-2010 2011-2020 2021-2030 2031-2040 

1 Industry&Construction 10.0 8.2 7.5 6.5 

2 Agriculture 3.0 3.0 2.5 2.0 

3 Service 7.2 7.3 7.3 7.1 

4 Total GDP growth (%) 7.6 7.2 7.0 6.5 

Sectoral shares of GDP predicted  in an average growth scenario 

No. Sector 2010 2020 2030 2040 

1 Industry&Construction 44.7 47.8 48.7 47.3 

2 Agriculture 17.3 12.5 8.7 6.0 

3 Service 38.0 39.7 42.6 46.7 

Economy growth (%) predicted in a low growth scenario 

No. Sector 2006-2010 2011-2020 2021-2030 2031-2040 

1 Industry&Construction 8.0 8.5 8.5 7.0 
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2 Agriculture 3.5 3.0 2.5 2.0 

3 Service 5.5 6.5 6.0 6.5 

4 Total GDP growth (%) 6.2 7.0 7.0 6.5 

Sectoral shares of GDP predicted  in a low growth scenario 

No. Sector 2010 2020 2030 2040 

1 Industry&Construction 43.6 48.9 55.0 56.5 

2 Agriculture 19.0 13.9 9.8 6.8 

3 Service 37.4 37.1 35.2 36.7 

 Source: Institute of Energy (2009) 

1.1.2 The energy system and its development prospects 

Energy demand grew very fast over the last two decades 

Energy has contributed largely to the Vietnamese recent industrialization and export earnings. 

To sustain the country’s economic development over the last two decades, the demand for 

energy has been extremely growing, even grew faster than the growth of GDP.  

The total final energy consumption was about 16.76 Mtoe in 1990, and increased by 143%  to 

40.75 Mtoe in year 2007. The share of coal fuel doubled over the same period, from 7.9% in 

1990 to 14.9% in 2007, while the share of electricity consumption soared from 3.2% in 1990 to 

12.9% in 2007 (Figure 1-4 ). 

Figure 1-4: Final energy consumption mix by fuel types in Vietnam over 1990-2007. 

 

Source: Institute of Energy (2009); VGSO (2010). 

In the energy consumption mix by sectors over 1990-2007 as showed in the Figure 1-5, the 

energy consumption share of transport and industry sectors increased quicker than that of the 

residential sector while those of agriculture and trade-service sectors have not much changed. 
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Figure 1-5: Final energy consumption by sectors in Vietnam over 1990-2007. 

 

Source: Institute of Energy (2009). 

As a still-low income developing country, Vietnam is ranked among the regional countries 

with low-level of energy production and energy consumption per capita (Figure 1-6). By the 

end of 2007, the final energy consumption per-capita reached at 0.66 (ktoe/capita). Table 1-2 

further provides some typical energy-economy indicators in Vietnam from 1990 to 2007.  

Figure 1-6: List of selected Asian countries by final energy consumption per capita, 2007. 

 

Source: the author’s own combination from World Bank Database (2010).   

Table 1-2: Energy-economy indicators in Vietnam during the period from 1990 to 2007. 

Indicators 1990 2000 2007 

GDP (US$2008) per capita 283 504 835 

Commercial energy consumption (KgOE/capita) 66 156 304 

Energy intensity (TOE/mill. US$2008) 330 402 600 

1990-2000 2000-2007 

Energy elasticity factor 1.43 1.48 

Source: the author’s own combination from Institute of Energy (2009); IMF (2010). 
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Energy supply resources were also increasingly explored   

Vietnam has speeded-up the exploitation of national primary energy resources for economic 

growth. As we can observe in the Figure 1-7, the non-commercial energy1 is kept stable all 

along the period 1990-2007 but its share in the total primary energy supply in the system 

abruptly decreased from 63.5 % in 1990 to 29.6 % in 2007. Coal fuel has increased its share 

from 11.3 % in 1990 to 19.4 % in 2007 whereas the share of gas increased continuously from 

0.04 % in 1990 to 11.9 % in 2007. This highlights the development progress of gas industry in 

Vietnam since early 1990s, becoming a large-scale industry now. With 76% of population 

living in rural areas by 2007, the non-commercial energy has taken a large share in total energy 

demand in Vietnam, in which biomass energy accounts for 99% of the total non-commercial 

energy whilst only a very small contribution from other renewables. However, the share of 

non-commercial energy consumption trends to fall plainly from 74.1% in 1990 to 36.4% in 

2007 indicating the urbanization and industrialization progress since early 1990s. 

Figure 1-7: Primary energy supply by fuel types in Vietnam over the period 1990-2007. 

 

Source: Institute of Energy (2009). 

Future outlook and challenges of Vietnamese energy system  

To support future the economic development, Vietnamese energy system is likely to be facing 

the challenge of energy security. There are many national/international reports estimating that 

Vietnam is foreseen to be dependent on energy/fuel imports for economic growth. Institute of 

Energy (2009) shows that to sustain an expected average economic growth as indicated in the 

Table 1-1, Vietnam could soon become a country of energy-scarcity. The need for total final 

energy consumption in Vietnam could achieve about 48 Mtoe in 2010, increasing to 141 Mtoe 

                                                
1
 Non-commercial energy, in this study, includes from wood, wood charcoal, agricultural residues (biomass), 

new and renewable energy such as solar, wind, geothermal, hydro power, etc. The meaning of “non-commercial” 

is that these types of energy were exploited, processed then consumed locally without any trading activities 

involved. These did not contribute to the gross domestic products of the economy.  
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by 2030. By this expectation of economy growth, the average growth rate of final energy 
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Figure 1-8: Projection of future final energy demand in Vietnam over 2010

Source: Institute of Energy (2009).
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by 2030. By this expectation of economy growth, the average growth rate of final energy 

onsumption is expected to increase extremely over 2010-2015 by 7.85% (Figure 1

: Projection of future final energy demand in Vietnam over 2010-2030.

Source: Institute of Energy (2009). 

To meet the projected demand for energy in the next 20 years, the outlook of primary energy 

supply is drawn out as the Figure 1-9. Though, Vietnam is endowed with diverse fossil

(oil, coal and gas) the signal on increased uses of indigenous 

turning from green to yellow. Thus, fuels and energy imports would be 

fuelling the future economy growth (MOIT-JICA, 2008; Institute of Energy, 2009)

proper policies need to be employed by Vietnamese Government so that the country’s 

development could be sufficiently fuelled for the forthcoming period of energy-

energy supply system and demand balance in next 20 years

Source: Institute of Energy (2009). 
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1.2 Overview of the power sector development and its challenges 

1.2.1 The current unsustainable situation of power sector 

The Electricity of Vietnam 

The electric power sector is a growing market and represents one of the most promising areas 

for domestic and foreign service prospects in Vietnam. Currently Electricity of Vietnam 

(EVN), a state-owned utility established in 1995 with more than 50 subsidiaries under the 

Ministry of Trade and Industry (MOIT), is the established leader in electricity generation and 

still holds a monopoly in transmission and distribution for electricity. 

Power demand and supply system 

Electricity consumption in Vietnam grew at 14.9% annually over 1996-2000 and at 15% over 

2000-2009, that is 2.14 faster than the GDP which grew at 7.2% over 1996-2009 (Figure 1-10). 

This results in a very high power intensity of the GDP at 2.14. The share of households in total 

electricity consumption has decreased from 49% in 2000 to 40.9% in 2007, while that of the 

industry sector increased from 40.6% to 49.9% (Table 1-3). The electricity consumption per 

capita also increased from 289 kWh/capita/yr in 2000 to 718 kWh/capita/yr in 2007 (Institute 

of Energy, 2009; World Bank, 2010).     

Figure 1-10: Electricity demand grew double faster than GDP growth, 1996-2000.  

 

Source: Asia Development Bank (2007); Institute of Energy (2009); IMF (2010). 

Table 1-3: Structure of electricity consumption in Vietnam, 1990-2007, (TWh). 

No. Sector  1990 2000 2001 2002 2003 2004 2005 2006 2007 

1 
Industry 2.85 9.1 10.4 12.7 15.2 17.9 21.3 24.3 29.2 

Share (%) 46 40.6 40.4 42.0 42.0 45.0 47.0 47.4 49.9 

2 
Agriculture 0.6 0.43 0.48 0.51 0.56 0.55 0.57 0.56 0.57 

Share (%) 9.5 1.9 1.9 1.7 1.7 1.4 1.3 1.1 0.9 

3 
Residential 2.04 11 12.7 14.3 16 17.7 19.8 22.1 23.9 

Share (%) 32.9 49.0 49.1 47.4 47.4 44.6 43.4 42.9 40.9 
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No. Sector  1990 2000 2001 2002 2003 2004 2005 2006 2007 

4 
Non-industry 0.72 1.9 2.23 2.71 3.1 3.5 3.9 4.43 4.77 

Share (%) 11.6 8.5 8.6 9.0 9.0 8.8 8.5 8.6 8.0 

5 Electricity sales 6.2 22.4 25.9 30.2 34.8 39.6 45.6 51.3 58.4 

6 
Electricity per capital 

(kWh/capita/yr) 
93 289 338 382 435 478 567 640 718 

7 
Self-consumption and 

T&D losses (%) 
25.4 15.3 15.1 15.0 14.1 14.3 13.2 12.9 12.5 

  1990-2000 2000-2007 

8 Electricity elasticity factor 1.8 2.0 

Source: Institute of Energy (2009). 

Looking at the power intensity of Vietnam’s economy, it grew very fast during the period 

1990-2009, starting from 330 MWh/million US$ of GDP in 1990, increased to 574 

MWh/million US$ in 2000, and reaching 941 MWh/million US$ of GDP in 2009 (all GDP 

based on 2008 price). Compared to other economies in the region, Vietnam has become high 

intensive power economy, especially since 2005 (Figure 1-11). This  indicates that the usage of 

electricity energy in Vietnam’s economy recently is less effective than that of other countries in 

the region and large wasteful energy in uses should exist within the country. 

Figure 1-11: Comparative analysis of power intensity in selected Asian countries, 1990-2010. 

 

Source: author’s own combination from Institute of Energy (2010); IEEJ (2010); ERIA (2010). 

 

Now, let’s have a glance at the electricity supply system in Vietnam. At the end of 2009, the 

total energy capacity installed was 18.9 GW, in which EVN facilities accounted for about 

71.9%. Compared to the system in 2003, this is double larger resulting from an average 

annual growth in energy capacity by 14.2% between 2003 and 2009 (Figure 1-12). More 

particularly, the present system consists of 37.5% of hydro, 35.4% of gas-fired, 15.7% of 

coal-fired, 5.1% of oil-fired, 3.7% of electricity imported, and 2.6% from small hydro and 
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diesel plants (NLDC, 2010a). At this t

contribution but it is foreseen to take an increasing important role in the system after 2015.

In energy production, the generation of electricity 

approximate 85 TWh in 2009, representing 

period. In 2009, 34.4% of the sector’s total production was provided from hydro generation 

sources (including a small fraction of small hydro energy), 43.2% from gas

14.4% from coal-fired, 4.7% from electricity imported, and only 3.2% from oil

Electricity generation from diesel plants was thus negligible. Overall, the current electricity 

generation contributed from renewables (mainly from small hydro

around 1.5% of the sector’s total electricity production. 

of electricity supplied from thermal generation grew very fast from 1996 to 2009 with an 

average growth rate of 27.7%, nearly twic

electricity generation during the same period

Figure 1-12: The generation capacity in Vietnam is doubled over 2003

growth of 14.2% per annum.  

Source: NLDC (2010a). 

Electricity system losses and thermal generation efficiency

The Vietnamese electricity transmission network comprises of three high

including 500kV, 220kV and 110kV. By the end of 2005, the 500kV 

infrastructure has been extended to more than 3,000 km connecting between the two central 

loads in the North and South of Vietnam. The 220kV transmission system includes 5,257 km 

of lines and the 110kV network has 10,290 km of line

consists of five medium voltage levels 6

level is mainly used for the urban areas and 35kV level used for the rural areas (Electricity of 

Vietnam, 2007; Khanh Toan, P.,
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diesel plants (NLDC, 2010a). At this time, the coal-fired energy capacity has a relative modest 

contribution but it is foreseen to take an increasing important role in the system after 2015.

generation of electricity increased from about 17 TWh in 

85 TWh in 2009, representing an annual average growth rate of 14%

In 2009, 34.4% of the sector’s total production was provided from hydro generation 

sources (including a small fraction of small hydro energy), 43.2% from gas-

fired, 4.7% from electricity imported, and only 3.2% from oil

Electricity generation from diesel plants was thus negligible. Overall, the current electricity 

generation contributed from renewables (mainly from small hydro) is still very small, only 

around 1.5% of the sector’s total electricity production. It must be stressed that the production 

of electricity supplied from thermal generation grew very fast from 1996 to 2009 with an 

average growth rate of 27.7%, nearly twice the average annual growth rate of the total 

electricity generation during the same period (NLDC, 2010a).  

: The generation capacity in Vietnam is doubled over 2003-2009 with an average 

 

Electricity system losses and thermal generation efficiency 

The Vietnamese electricity transmission network comprises of three high

including 500kV, 220kV and 110kV. By the end of 2005, the 500kV double-line transmission 

infrastructure has been extended to more than 3,000 km connecting between the two central 

loads in the North and South of Vietnam. The 220kV transmission system includes 5,257 km 

of lines and the 110kV network has 10,290 km of lines. The current distribution network 

consists of five medium voltage levels 6-10-15-22-35 kV existing together, in which the 22kV 

level is mainly used for the urban areas and 35kV level used for the rural areas (Electricity of 

Vietnam, 2007; Khanh Toan, P., et al, 2010). 
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The loss of electric power has been always a real challenge to the Vietnamese power sector. 

The loss including transmission and distribution was 25% of the total electricity production in 

the late 1980s and 21% in the early 1990s. However, the loss has been also remarkably reduced 

by 12% in 2005 and expected to decrease to 10.8% by 2010. Compared to the power loss in 

developed countries, this figure is still very high. Thus, Vietnamese Government is now 

planning to take technical and manageable measures to reduce the loss down to 7.5% by 2025 

(Electricity of Vietnam, 2007; Institute of Energy, 2009; NLDC, 2010b).  

The average efficiency of coal-fired generation plants stands between 37 and 38%2. For oil and 

gas-fired plants, the average efficiencies are 30% and 48%, respectively. In fact, there exist 

some coal and oil-fired generation units having efficiency below 27% due to backward energy 

conversion technologies. These efficiencies are quite low, compared to the average efficiency 

performance (around 42%) of coal-fired generation system in the region of Asia such as 

Malaysia, Japan (World Bank, 2010). 

Power supply security 

Power shortage and quality have been two very critical challenging problems to the sector. 

Since 2008 load shedding has been occurring frequent in Vietnam with deep power cut. In 

early 2010, the total installed capacity of generation power plants is 19 GW but the usable 

capacity should be smaller. Therefore, the system could not reliably satisfy the peak demand 

(about 18.5 GW). Over the first six months in 2010, the power shortage accounts for 5-7% of 

the total power demand (Electricity of Vietnam, 2010) causing serious impacts on the economy 

and society. Customers, especially in rural areas, were the most vulnerable to the power cuts 

causing negative effects to their daily life and agricultural activities. The investment in energy 

development is always lower than required, progress of many projects is delayed, less diverse 

generation sources and high dependence on hydro power, poor maintenance schedules, and 

low energy efficiency of the sector are identified as the major reasons. 

Electricity tariff and financial issues 

According to a new circular No. 08/2010/TT-BCT issued by MOIT, the electricity tariff in 

2010 has a weighted average price of 1,058 VND per kWh (equals to 5.4 US cents per kWh)3. 

Though this price has been increased by 6.8% from 971 VND/kWh in 2009 but it is still far 

below than the price in neighbouring countries such as: Malaysia (7.6 US cents/kWh), 

Thailand (8.5 US cents/kWh), Singapore (13.5 US cents/kWh) (VietnamNet, 2010a). It also 

notes here that the electricity tariff in Vietnam has even decreased during the period 1994-

2010, in term of constant 1994 price (Figure 1-13 and Figure 1-14) . In practice, the electricity 

price is administered in Vietnam and policy makers lean toward controlling the price at levels 

moderate enough to enable the domestic products to be competitive in the global market. 

                                                
2
 This is based on the author’s own calculation from the performances of the existing generation plants.   

3
 Exchange rate: 1 US$ = 19,500 VND.  
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Besides, the energy prices including electricity still contain loss compensation and cross 

subsidies in the economy. This low and inadequate electricity pricing scheme  leads to energy 

wasting usage and makes it less attractive to investors to lay down their funds for electricity 

supply projects. 

Figure 1-13: Electricity prices in Vietnam over the period 1994-2010. 

 

Source: Nguyen Duc Thanh et al (2008); MOIT (2010).  

Figure 1-14: Electricity price in Vietnam is the lowest among regional countries 

 

Source: Nguyen Duc Thanh et al (2008); MOIT (2010).  

Rural electrification 

Though Vietnam achieves a significant success in electrification, the country still faces 

challenges to improve access and affordability to electricity services for the poor in remote 

areas. In 2008, Vietnamese rural electrification rate was 94.5%, compared to a mere 14% in 

1993 but mountainous and very-remote areas have still no access to electricity network (GTZ, 
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2009). In addition, rural electricity grids are very poor, very unreliable, and high losses (ITVN, 

2010; World Bank, 2010). Recent years, the Government has been implementing a number of 

policy measures for poverty reduction and hunger eradication, providing subsidy to rural 

electricity consumption. But the access to electricity services is still limited. This is partly due 

to high poverty rate and low income in the areas. In spite that rural electricity tariff is regulated 

by the Government, rural people still cannot afford to pay the real high price imposed, even 1.5 

times higher than the regulated one in many places (San and Thanh, 2010), due to a very poor 

management system at local level (Figure 1-15). 

Figure 1-15: The electricity distribution systems exist in rural areas. 

 

Source: San and Thanh (2010). 

1.2.2 Power sector in the next 30 years: the baseline scenario 

The Vietnamese Government manages the development of the power sector using a Power 

Development Master Plan, which anticipates the need for electricity services and schedules the 

sector's overall development in a ten-year period, taking into account the following ten years 

period. According to the current sixth Power Development Master Plan (MP-VI), the 

electricity demand is projected to increase by 16.8% and 6.9% per annum in a low demand 

scenario over the period of 2010-2030 and 2030-2040 respectively, and by 21.4% and 8.2% 

per annum in a high demand scenario over the period of 2010-2030 and 2030-2040 

respectively. Table 1-4 presents the projections of electricity demand for the next 30 years in 

Vietnam, by Vietnamese agencies. However, many Vietnamese energy experts argue against 

the agencies’ projections which they consider over-estimated even in the low scenario case 

(Pham Duy Hien, 2009 and Nguyen Khac Nhan, 2005-2009). All these implied a political will 

for the large-scale nuclear energy capacity development plan being supported by the expected 

soaring demand of electricity for the next decades. 
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Table 1-4: Projected demand for electricity in Vietnam, 2010-2040, by Vietnamese agencies. 

Year 

Low scenario Moderate scenario High scenario 

Electricity 

(TWh) 

Peak demand 

(GW) 

Electricity 

(TWh) 

Peak demand 

(GW) 

Electricity 

(TWh) 

Peak demand 

(GW) 

2010 91.95 18.51 97.11 18.51 101.15 20.37 

2020 216.43 40.92 257.26 48.64 267.56 50.59 

2030 417.02 76.91 537.83 100.97 556.50 104.48 

2040 703.07 126.29 981.26 186.91 1015.31 193.40 

Source: Electricity of Vietnam, 2007 and NLDC, 2010b. 

 

With regards to the indigenous energy supply resources, they will become scarce after 2015. 

Recently, the Vietnamese Government has approved an optimistic plan to develop nuclear 

energy for meeting the increase of energy demand between 2020 and 2030. This plan consists 

of 15-16 GW in generation capacity. The first nuclear generator is planned to produce 

electricity in 2020 (GOV, 2010). However, there are many concerns and doubts from energy 

experts about such a large development plan considering the country’s current limitations in 

human resources, essential technical and regulatory infrastructures, financing resources, 

public acceptance, etc. 

In follows, the study presents a more realistic overview and a more reliable assessment of the 

prospective evolution of Vietnamese power sector with attendant challenges, using the IRP 

simulation model. 

1.2.2.1 Large capacity expansion changing the electricity generation mix 

The IRP simulation meets the projected demand for energy services during the next three 

decades by a hugely expanded coal-fired generation capacity. In the baseline development or 

Business-As-Usual (BAU) scenario, the expansion of energy capacity requires a great average 

growth rate of 10% per annum over the period from 2010 to 2040, reaching about 158 GW by 

2040. This capacity includes 109 GW of fossil fuels, 16.8 GW of large-hydro, 10.2 GW hydro 

pump-storage, 10 GW of nuclear, 6.3 GW of renewables, and 5.8 GW of electricity imports. 

With such a large expansion of energy capacity, the energy generation mix would be 

significantly changed by periods of time. The proportion of electricity generation from large 

hydro grows fast from 28% (37 TWh) in 2010 to 33 % (66.4 TWh) by 2015, but then declines 

to 8% (69.1 TWh) by 2040 due to a restriction of resources. Whereas the share produced using 

coal fuels would hold a drastic growth during this period. In this case, the share of coal-fired 

generation increases from 32% (66.8 TWh) in 2015 to 68.3% (634.3 TWh) by 2040. 

Moreover, the proportion of electricity production from domestic gas-fired sources would 

decrease from 26% (53.4 TWh) by 2015 to 8% (77.1 TWh) by 2040 because of a depletion in 

indigenous resources. As a political will, nuclear power will engage an important part of the 

electricity energy supply since 2020 onwards. The share of electricity produced by nuclear 

plants would enlarge from 2.5% (7.1 TWh) by 2020 to 8% (71 TWh) by 2040. In contrast, the 
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share produced from renewables would decrease remarkably from 8% (21.8 TWh) by 2019 to 

2.8% (26.1 TWh) by 2040. 

In overall, over the period from 2010 to 2040, fossil fuels are expected to dominate the energy 

generation mix, and may account for 67.7% of the total cumulative electricity production of 

14,106 TWh. Of this production from fossil fuels: coal, natural gas, and oil would account for 

71.6%, 28%, and 0.4%, respectively. Whereas hydro and nuclear energy would account for 

18.6% and 5.6%, respectively, and the remaining 5.3% comes from electricity imported. 

Focusing on renewables, the study suggests that with the current renewables development 

strategy, renewables would contribute remarkably to the electricity energy supply from 2010 to 

2020, in which its share of energy capacity grows from 2.5% (575 MW) in 2010 to 10.2% 

(5,566 MW) by 2020. However, as a broader cluster of investigated renewables sources is not 

yet strategically integrated in the baseline development, the share will decrease from 10.2% in 

2020 to 4% by 2040. In energy production, renewables would contribute 4.1% of the total 

electricity generation during the period from 2010 to 2040. This finding provides that without 

further incentive policies, the target for renewables deployment could be hardly achievable at 

11% of the total commercial primary energy supplied by 2050
4
. Table 1-5 summaries the 

prospective outlook of Vietnamese power sector in the next 3 decades. 

Table 1-5:The energy capacity (GW) and generation mix (TWh) of Vietnamese power sector 

over the period 2010-2040. The IRP simulation.  

Items Nuclear 

Renewable sources Fossil fuel sources 
Imp. 

Elec. 
Total 

RETs 
Large 

Hydro 

Pump 

Storage 

Dom. 

Coal 

Imp. 

Coal 

Dom. 

Gas 
Oil 

Energy capacity  

by 2040 
10 6.3 16.8 10.2 37 54.1 17.2 0.6 5,8 158 

Percentage (%) 6.3 4.0 10.6 6.5 23.4 34.2 10.9 0.4 3.7 100.0 

Total electricity  

over 2010-2040 
788 585 2,045 390 3,729 3,117 2,674 36 743 14,106 

Percentage (%) 5.6 4.1 14.5 2.8 26.4 22.1 19.0 0.3 5.3 100.0 

 

1.2.2.2 Greater dependence on large-scale coal and electricity imports for future 

expansion, even with newer technologies 

As the demand for electricity exceeds the expected supply capability of domestic energy 

sources, the country would start to import coal fuel since 2012 and while electricity is already 

imported since 2004. Especially, the shift from hydro-to-coal-based generation capacity since 

2015 causes a strong demand for coal fuels (domestic and imported), growing from 26.4 

                                                
4
 On 27 December 2007, the Prime Minister signed a Decision No. 1855/QD-TTg to approval the Vietnam's 

national energy development strategy up to 2020, with 2050 vision. Particularly for renewables development, it 

aims for a share of 3% in 2010, 5% by 2020 and 11% by 2050 over the total commercial primary energy.  
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million tons by 2015 to 98 million tons by 2030, reaching 217 million tons by 2040. Of this 

demand, the domestic coal could meet 17.2 million tons (equals to 299 PJ) by 2015, 70 million 

tons (1,599 PJ) by 2030, and accelerating to 99 million tons (2,289 PJ) by 2040 (Table 1-6). 

Table 1-6: The future fuel requirements for the expansion of electricity generation system over 

2010-2040, the IRP simulation.   

Fuel types Unit 2010 2015 2020 2025 2030 2035 2040 

F
o
ss
il
 f
u
el
s 

Domestic 

Coal 

Million tons 14.3 17.2 16.6 41.4 69.8 84.8 99.2 

PJ 299.4 360.5 347.0 929.1 1598.7 1949.8 2288.6 

Imported 

Coal 

Million tons 0 9.2 11.3 15.3 27.8 63.4 117.4 

PJ 0 249.2 308.9 416.5 757.0 1726.7 3195.2 

Domestic 

Gas 

Cubic meters 10.1 9.6 14.1 18.7 19.8 18.0 13.4 

PJ 392.4 384.7 562.7 749.3 795.7 725.6 540.0 

Oil (FO/DO) 
Million tons 0.929 0.528 0.209 0.209 0.115 0.116 0.153 

PJ 38.94 22.50 8.59 8.59 4.73 4.78 6.27 

R
en
ew

ab
le
s 

Bagasse 
Million tons 0.51 3.40 4.07 4.07 4.07 4.07 4.07 

PJ 3.94 26.29 31.55 31.55 31.55 31.55 31.55 

Rice husk 
Million tons 0.08 0.53 0.87 0.87 0.87 0.87 0.87 

PJ 0.90 6.05 9.88 9.88 9.88 9.88 9.88 

Wood 

residues 

Million tons 0 0.18 0.90 0.90 0.90 0.90 0.90 

PJ 0 2.68 13.42 13.42 13.42 13.42 13.42 

Municipal 

solid wastes 

Million tons 0 1.31 2.09 2.37 2.37 2.37 2.37 

PJ 0 8.29 13.26 15.03 15.03 15.03 15.03 

 

In the point of a macro-view, the expected increase on imports including steam coal, net oil, 

and electricity for the future development of electric power industry would be raising future 

issues of energy supply security and large increases in power sector costs for Vietnam. The 

study findings show that imported energy sources (coal, oil and electricity) would provide 

43.8% of the total electricity production, of which 3% for power imports, by 2040 (Figure 1-

16). More specifically, coal imports would account for 40% of the total coal material needed 

for producing electricity during the period from 2010 to 2040 (Figure 1-17). These figures 

clearly prove that the increasing reliance on large-scale imports for electricity production in the 

future could lead Vietnamese power sector to be dependent on international energy price 

fluctuations and potentially large increases in energy costs. Such vulnerability could further 

contribute to increased poverty, political pressures, and instability. 

 

 

  



21 

 

Figure 1-16: Greater dependence on imported fuels including electricity  for electricity 

generation in Vietnam, 2010-2040. Simulation by IRP. 

 

Figure 1-17: Coal consumption (million tons) for electricity generation in Vietnam, 2010-

2040. Simulation by IRP. 

 

Technologically, the simulation presents a large array of electricity generation technologies 

based on both conventional and non-conventional energy sources for the next 30 years. This 

technological application varies from hydro (large, medium, and pump storage) and fossil fuel 

options (coal-, gas-, and oil-fired) to renewables (small hydro, biomass including bagasse, rice 

husk, wood residues, and municipal solid waste, geothermal, wind, and solar). Among six coal-

fired generation technologies considered in the IRP model, the IGCC technology would not be 

cost-effective for the future electricity generation in Vietnam due to its still-high production 

cost. The electric power industry would continue to rely on conventional pulverized coal (PC) 

or sub-critical coal-fired technology, at least for the next 15 years. But, it would be interesting 
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to find that the super-critical coal

providing electricity energy since 2025. The generation system would be integrated with 16 

GW in energy capacity-based SPC using domestic coal (anthracite), and 9 GW in energy 

capacity-based SPC using imported coal (bitum) by 2040. Inversely, 

using oil fuels (DO, FO, and diesel) will be deconstructed since 2020. Only a few oil

units (600 MW) will remain dispatched to the grid up to 2040.

1.2.2.3 Cost and financing issues 

To expand the electricity generation industry 

Vietnamese Government is facing a pressing need of

billion $ would be necessarily on the need

generation plants, 58.2% is used

for fixed O&M expenses. Figure 1

for the expansion plan from 2010 to 2040.

Specifically, the study showed that the Government would have to finance around 

US$ per year for investment in new energy capacity 

Vietnam is still among the countr

The EVN sales totalled 90,877

8,000 billion VND (VINAFINS, 2011).

cover such investments with its own

the power sector keeps being a great challenge otherwise 

new investment. Moreover, a financing architecture 

address the funding of climat

industry.  

Figure 1-18: Annual component costs of electricity generation during 2010

simulation. 

                                               
5
 Exchange rate: 1 US$ = 19,500 VND. 
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critical coal-fired technology (SPC) would become cost

providing electricity energy since 2025. The generation system would be integrated with 16 

based SPC using domestic coal (anthracite), and 9 GW in energy 

based SPC using imported coal (bitum) by 2040. Inversely, most of power plants 

using oil fuels (DO, FO, and diesel) will be deconstructed since 2020. Only a few oil

units (600 MW) will remain dispatched to the grid up to 2040. 

Cost and financing issues  

To expand the electricity generation industry during the period from 2010

Vietnamese Government is facing a pressing need of financial resources.  A

would be necessarily on the need. Of this total cost, 26.8% needs for constructing new 

used for fuels and O&M expenses. The remaining 1

Figure 1-18 illustrates the annual expenditures that would be needed 

for the expansion plan from 2010 to 2040. 

Specifically, the study showed that the Government would have to finance around 

for investment in new energy capacity during the short-term of 2010

the countries of lowest electricity price (5.4 US$/kWh) 

877 billion VND in 2010 (equals to 4.66 billion US

billion VND (VINAFINS, 2011). Thus, it is absolutely insufficient a revenue 

its own budgets. How to raise enough funds for new investment in 

keeps being a great challenge otherwise financial constraints may slow down 

a financing architecture will, sooner or later, have to be designed 

climate change mitigation and adaptation issues in the electric power 

Annual component costs of electricity generation during 2010

        

Exchange rate: 1 US$ = 19,500 VND.  

fired technology (SPC) would become cost-competitive for 

providing electricity energy since 2025. The generation system would be integrated with 16 

based SPC using domestic coal (anthracite), and 9 GW in energy 

most of power plants 

using oil fuels (DO, FO, and diesel) will be deconstructed since 2020. Only a few oil-fired 

2010 to 2040, the 

resources.  A total of 107.5 

constructing new 

expenses. The remaining 15% is required 

18 illustrates the annual expenditures that would be needed 

Specifically, the study showed that the Government would have to finance around 2 billion 

term of 2010-2015. But 

Wh) in the region. 

billion US$),
5
and lost 

insufficient a revenue for EVN to 
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the electric power 
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It should take here an interpretation for the observation that the total planning cost is falling 

from 2030 to 2040 as indicated in the Figure 1-18. Though the electricity demand is estimated 

to increase by 16.8% per annum from 2010 to 2030,  the increasing rate of  peak load demand 

in the period from 2030 to 2040 is rather lower, only by 7%. In addition, the T&D loss was 

simulated decreasing gradually from 10.8% in 2010 to 7% by 2040 in the IRP model. These 

lead to a decrease in both additional energy capacity and fuels required for generating 

electricity, i.e. capital costs and expenditures for fuels would be reduced over the period from 

2030 to 2040, accordingly. Moreover, during this period, some of existing less efficient plants 

with higher fuel consumption rates are retired and replaced by more efficient units. This also 

results in reducing fuel costs at the later part of the planning period. 

In terms of electricity production costs, the study finds that the long run average cost (LRAC) 

would be 4.32 $cent/kWh, whereas the average incremental cost (AIC) would be 4.59 

$cent/kWh (all costs are based on 2008 prices). Adding the cost components related to 

transmission and distribution and management, the total average cost for delivering a kWh of 

electricity to the end user would charge about 6.82 $cent/kWh. This is even higher than the 

present average retailed electricity tariff of 5.4 $cent/kWh (VAT exclusive). Therefore, this 

could technically prove for the Vietnamese Government plan of further raising the present 

tariff, to a long run marginal cost of 7.5 US cent/kWh (Nguyen, 2008; MOIT-JICA, 2008), to 

secure financing to EVN and aim at necessary investment. Economically, this fiscal instrument 

could be implemented under an appropriate roadmap being consistent with the corresponding 

socio-economic circumstances, otherwise the surcharges would raise complexities. 

1.2.2.4 Relevant environmental and sustainable issues 

Over the last decades, Vietnam has focused its concerns more on economic development than 

on local environmental degradation. The rapid expansion and intensification of energy 

production from fossil fuel burning processes have been placing not only high pressures on the 

depletion of natural resources but also negative health impacts and dangerous environmental 

effects locally (USAID, 2007; IEA, 2010). IEA (2009) estimates that the total CO2 emissions 

from fuel combustion in Vietnam experienced an extreme increase from 1990 to 2007 with a 

percentage change of 441.5%, from 17.2 million tons in 1990 to 93.6 million tons in 2007. 

This has the largest growth rate of CO2 emissions in the world. Though the country’s per capita 

emissions in 2007 (1.1 tCO2/capita) are still below that of 7 countries listed by IEA (2009), the 

gap would be soon narrowed when the country is extending severe dependence on burning coal 

fuel for future development. More environmental locally, USAID, (2007) argues serious air 

pollution, resulting from economic growth based on heavy use of fossil fuels along with the 

expansion of power sector over the last decade, brought about 22% of chronic pneumonia 

cases and one-third of respiratory inflammations in Vietnam during the period from 2001 to 

2003. Though the concentrations of sulphur dioxide (SO2), carbon monoxide (CO), and 

nitrogen oxides (NOX) in Ha Noi and Ho Chi Minh between 1997 and 2002 were generally 

below national standards, given the increasing use of fossil fuels they are likely to soar and 

soon exceed the standards.  
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In recent years, the Vietnamese people have witnessed the Government’s authorities, at both 

central and local levels, have undertaken its best efforts to overcome the negative 

environmental consequences and limit damages but their achievements are still limited and it 

remains a basic  challenge (World Bank, 2010e; Parkes, 2010).  

As suggested by our simulation, the potential environmental consequences of the future 

expansion of Vietnamese electricity generation industry, which bases on burning coal fuels, 

would be at levels never witnessed in Vietnam before. About 7.2 Gt of CO2 cumulative 

emissions would be discharged into the atmosphere between 2010 and 2040,  representing a 

26% annual growth in CO2 emissions during the period. This  figure is about 70 times larger 

than the total 103 Mt of CO2 emissions emitted from fossil fuels combustion in Vietnam in 

2008 (IEA, 2010). Therefore, the stabilization of atmospheric carbon emissions may require 

proper policies to cut down the sector CO2 emissions during the future development stages. 

Moreover, the sector could become a large emitter of local pollutants, with cumulative 

emissions of up to 15 Mt of SO2 and 8 Mt of NOX over the same period. These figures are 

much larger than the 128.2 Kt of  SO2 and 102 Kt of NOX emitted by the sector in 2006 

(Nguyen and Tran, 2005). Figure 1-19 presents how the Vietnamese power sector’s 

environmental consequences evolutes in the next 3 decades, especially between 2020 and 2040 

when a stronger switch from non-fossil-fuels-based power plants to coal fuels comes out. 

Figure 1-19: Annual emissions of CO2 and local pollutants (SO2 and NOX) emitted during 

2010-2040. IRP simulation. 

 

Vietnam geography makes it one of the most disaster-prone countries in the world, suffering 

from typhoons, tropical storms, floods, drought, seawater intrusions, and landslides. An 

inappropriate exploitation of hydropower resource for expanding the electricity supply industry 

may also become environmentally and socially unsustainable. For example, there are many 

hydropower projects (Cua Dat, Khe Mo, Ho Ho, Binh Dien Ke, Thau Dau) that changed the 

natural water flows of the rivers and deteriorated the watershed forests, thus, causing effects on 

the biodiversity and ecosystems and intensifying floods. In addition, erosion, flooding of 
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valuable farmland, and destruction of fish breeding habitats have been typical problems. 

Therefore, this gives a pressure to the Vietnamese authorities in taking proper measures to 

control and mitigate the potential impacts from the use of hydropower for electricity 

generation. 

More seriously, climate change is now already a major global threat to human development 

and Vietnam must take parts in the effects and causes. Today, climate change related impacts 

are visible to most Vietnamese people and have been affecting directly human life and 

socioeconomic development in many residential quarters.  

Specific scientific research reports of international organizations suggest that Vietnam is very 

sensitive to rising sea-levels bound to be caused by global warming. According to World Bank 

(2008), a sea-level rise of 30cm to 1m over the next 100 years is anticipated by IPCC (2007), it 

could cause a capital value loss every year of up to 17 billion USD and the country could lose 

over 12% of territorial area, where presently 23% of the 84 million people live. In Ho Chi 

Minh City alone, 9 million people could be exposed to floods by a sea-level rise of 50cm by 

2070. Increased temperature in the Mekong River Delta could raise evaporation and 

transpiration by 10-15%, affecting the Mekong’s water supply to many cities in Vietnam. 

UNDP (2007) estimates that the rise in seawater level will worsen saline water intrusion in 

coastal zones in Vietnam. The Mekong River Delta will be the most affected region with 1.77 

million ha of salinised land, accounting for 45% of the delta surface. A scenario of 30cm sea-

level rise in year 2050 would enlarge the salinity of the main tributaries of the Mekong River 

as far as 10 kilometres inland. Inundation and its consequence of land loss, saline water 

intrusion in the Mekong Delta and parts of Red River Delta are serious threat to farmers as 

well as to exports such as rice, and possibly to national food security. 

Climate change could also increase the country exposure to extreme weather events. Flood 

damage is expected to be aggravated by an increase in daily rainfall of 12-19% by 2070 in 

some areas and drought problems will intensify through increased variation in rainfall and 

increased evaporation (3% in coastal zones and 8% in inland areas) by 2070. The typhoon 

activity and the intensity of storms will grow, especially in coastal zones that pose greater 

threat to people’s lives, livelihoods, infrastructure and agricultural production. As estimated, 

80-90% of the Vietnamese population is potentially directly affected by typhoons. 

Last but not least, climate change could have detrimental health impacts in Vietnam as 

increasing temperature facilitates the growth and development of various viruses and disease 

carriers, resulting in wider incidence of infectious diseases such as malaria and dengue. 
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2. Main research outputs 

2.1 Energy efficiency: the best single option to reduce any potential vulnerability 

The energy intensity indicating, the ratio between of energy consumption and GDP, is widely 

used as a measure of the energy efficiency of an economy. It is relevantly used as it affects 

future trends of development of all economies, especially it brings discussions on the issue of 

sustainability. In this chapter 2, we use this indicator to mainly argue for the needs of necessary 

energy efficiency improvements in Vietnam’s power sector. We then employ a comparative 

analysis to prove that Vietnam is among the Asian developing economies of highest power 

intensity. Further, based on a number of empirical analyses using the principles of Kuznets’ 

curves for the interplay between energy intensity and income in Asian developing countries 

(Cole et al., 1997; Suri and Chapman, 1998; Galli, 1998; While Stern, 2004), we argue that the 

power intensity of Vietnamese economy cannot always increase forever especially when the 

country aims to continue industrialization progress and when the electricity demand is 

expected to soar up in the next decades. Otherwise Vietnam could endure inevitable 

consequences of vulnerability affecting its power sector and the economy as well. 

By 2010, Vietnam is already among the Asian developing economies of highest power 

intensity. More surprisingly, power intensity of Vietnam tends to further extremely increase for 

the coming decades while those of the reference economies in the Asian region tend to 

decrease or grow slightly (Table 2-1). This surprising increase suggests a very low efficiency 

of power use in Vietnam. To reduce the vulnerability, Vietnam economy should aim to bring its 

power intensity at par with those of China and Malaysia, at least. They have a relatively high 

level of power intensity among the reference economies, and Vietnam should target the same 

level if stronger energy efficiency improvements are put in place. Three scenarios of energy 

efficiency improvements (called hereafter EEF1, EEF2, and EEF3) are thus suggested and 

graphically presented by the Figure 2-1. In this Figure, the legend “VN50=TQ10” indicates an 

assumption that power intensity of Vietnam in 2050 is at par with that of China in 2010, while 

“VN50=MA30” assumes power intensity of Vietnam in 2050 reaches that of Malaysia in 2030. 

Similarly, “VN40=MA30” assumes power intensity of Vietnam in 2040 reaches that of 

Malaysia in 2030.  

Table 2-1: Power intensity (GWh/Mill.US$2008) in Asian developing economies.  

Country 
2010 2030 

GWh/Mill.US$ 2008 Index GWh/Mill.US$ 2008 Index 

Vietnam 1.12 =100% 1.29 =100% 

China 0.83 =74% 0.53 =41% 

Malaysia 0.60 =54% 0.67 =52% 

Indonesia 0.43 =38% 0.54 =42% 

Philippines 0.38 =34% 0.53 =41% 
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Figure 2-1: Assumptions of power intensity in Vietnam with reference to that in China and 

Malaysia, 2010-2050. 

 

If energy efficiency improvements are deployed as suggested in scenarios EEF1, EEF2, EEF3, 

the sector could significantly reduce the total new energy capacity required under the current 

development policy, by 19%, 26.6% and 36.1%, respectively. Thus the country could 

significantly benefit from great savings of 16.4%, 22.3%, and 28.9% in the total cumulative 

electricity generation over the period 2010-2040, respectively. Moreover, the country could 

ease its budget pressures, and government resources can be freed up for investment in other 

socioeconomic areas. For instance, by scenario EEF3, the sector could avoid 0.76 billion US$ 

per annum in new investments for expansion of electricity generation from 2010 to 2040, to 

which must be added the investment saving on electricity transmission and distribution. For 

lack of the necessary data, the demand-side investment costs for implementing these energy 

efficiency scenarios were not included for a full cost-comparative analysis between supply-side 

and demand-side investments. However, this cost saving figure practically provides energy 

policymakers with a financial indicator for designing and managing energy efficiency 

programs in Vietnam. In the existing empirical literature, additional demand-side investment is 

often estimated at about half the avoided supply-side investment in a developing country like 

Vietnam (IEA, 2004). In addition, energy efficiency improvements would represent a “free 

lunch” for CO2 emissions reductions in Vietnam (ECN, 2007; Nguyen and Ha-Duong, 2010). 

We further quantitatively explored the benefit of cost improvements, using the IRP simulation 

model, offered by implementing demand-side management (DSM) programs in the residential 

sector. Particularly, the IRP simulation suggests that energy efficiency improvements in the 

residential sector is a “no-regret” option even though a rebound effect could in practice 

decrease the effectiveness of DSM programs. With this “free lunch” effect, the cost of 

abatement is negative and the cost of energy is reduced as well. The study’s most interesting 

finding is that the growth rate of new energy capacity installation over the early period from 

2010 to 2015 remains almost unchanged (the same as in the baseline) when the demand-side 
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management (DSM) programs in the residential sector are introduced in the IRP model. This is 

because, in fact, a large-scale energy capacity of committed generation plants, especially hydro 

power plants, is either under deployment or already on progress of construction or will be very 

soon put in place for operation over this period. Therefore, a red message is given to energy 

policymakers that the expansion of energy generation capacity should be carefully planned and 

taken in consistence with energy efficiency improvements, otherwise, it would potentially 

cause a redundant capacity (an overcapacity) in the system.  

The second point of interest is that integrating any nuclear generation plants into the 

generation system from 2020 to 2040 would not provide a lowest-cost-optimal solution for 

the generation capacity mix in the IRP model if energy efficiency improvements are deployed 

as suggested in the EEF1, EEF2, EEF3 scenarios. This is prominent that improving energy 

efficiency as suggested in scenarios EEF1, EEF2, EEF3 together with the use of available 

primary energy supply sources (other than nuclear) would be already significantly cost-

optimal to meet the baseline demand for electricity during the period 2010-2040. The nuclear 

energy development plan (10 GW) for electricity use during the period 2020-2040 may 

simply mean a cost-inefficient generation capacity mix in these energy efficiency scenarios. 

In other words, such a finding suggests that the current national energy development policy 

based on even larger capacity of nuclear energy (15-16 GW) for fulfilling the rapid but 

uncertain increase in electricity demand may not be the cost-effective way to ensure energy 

supply security. Instead, changing the current pattern of energy use by improving energy 

efficiency is the cheapest and simpler solution that could significantly contribute to the 

reduction of uncertain increased demand, thus, ensuring energy security. Moreover, if energy 

efficiency improvements are successfully implemented, the power sector could limit the risks 

of radioactive wastes from nuclear energy option.  

With regards to the rising issues of energy supply security and vulnerability to international 

energy price volatility, the thesis finding shows that aggressively pursuing measures to 

improve energy efficiency are better prepared for possible vulnerable circumstances in the 

future, by which the energy capacity share of imported fuels in the BAU scenario could be 

reduced by 4% to 22% (in the EEF3 scenario) during 2030-2040 and the share of  energy 

generation from imported fuels could be greatly reduced by 4% to 26% during 2030-2040 in 

the same scenario. Moreover, the bill for coal importation, in the BAU scenario, accounts for 

2.1% of the GDP if the imported coal price is 110 US$/ton by 2040. This figure could be cut 

down to 1.5% in the EEF1 scenario, and to 0.4% in the EEF3 scenario. 

In term of natural energy resource conservation, pursuing energy efficiency would also help 

the country attain a significant saving of indigenous coal resource for electricity production 

over the next three decades. In the EEF3 scenario, total coal fuel consumption would be 

significantly reduced by 41% (1,022 million tons). This reduction includes 647 million tons of 

imported coal and 374 million tons of domestic coal. This saving of domestic coal is triple 

larger than the estimated total coal production in Vietnam by 2030 (Institute of Energy, 2009).   
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Last, the energy efficiency improvements could significantly cut down the power sector 

cumulative CO2 emissions by 17% (in the EEF1 scenario) to 37% (in the EEF3 scenario). In 

addition, they could also bring other co-benefits of avoiding local environmental vulnerability: 

20% to 47% of total 15 Mt SO2 and 18% to 41% of total 8 Mt NOX emissions could be cut 

over 2010-2040. 

2.2 Renewables: an option for diverse energy supplies and environment preservation 

In the chapter 3, we assess by using a synthesis analysis the overall potential of renewables 

sources for forming sustainable energy option to provide electricity energy in Vietnam for the 

next thirty years. We then use the bottom-up optimization IRP model to examine and compare 

the cost-effectiveness of all resource alternatives on the supply side, taking into account their 

different economic, environmental, and reliability characteristics. Basically, the economic 

potential of renewables is analyzed by comparing a model run without renewables against a 

model run with renewables. The scenario without renewables assumes that the power sector for 

a period of 2010-2040 will not develop any renewables sources. The scenario with renewables 

assumes that during the same period, a number of economic feasible renewables will be 

considered for sustainable development of electricity generation industry. In all other respects, 

the scenarios are identical. In fact, the scenario with renewables used in this comparative 

analysis coincides exactly with the baseline (BAU) scenario of the research thesis. In this 

baseline, the quantity of renewables for electricity generation that determined by the official 

Vietnamese Government agencies, are fewer than the economic feasible potential investigated 

by the present study.  

As simulation results, integrating renewable technologies in the generation portfolio in the 

baseline (BAU) scenario may bring the following benefits: 

About 6 GW of renewables capacity could now substitute fossil fuel generating capacity for 

producing electricity in Vietnam over 2010-2040. Of this capacity, small hydro energy 

accounts for 63.8%, biomass energy (bagasse, rice husk, wood residues, and municipal solid 

wastes) accounts for 15.4%, wind accounts for 13.2%, and geothermal accounts for 7.4%. 

The share of electricity generation provided by coal fuel could be reduced by 18.1%. This 

would mainly reduce CO2 emission by 6.74% during the period 2010-2040. In addition to 

mitigating global emission, the country could also avoid 1,579 Kt of SO2 and 711 Kt of NOX 

cumulative emissions during the same period. Typically for this kind of bottom-up model, the 

average abatement cost is 1.05 US$/tCO2. This figure gives a promising signal that 

renewables-based power generation in Vietnam could offer a large possibility hosting Clean 

Development Mechanism (CDM) or CDM like mechanism-funded projects.  

The country could save approximately 68 million tons of indigenous thermal coal during the 

specified period. Furthermore, the country could distinctly change its fuel import policies: the 

demand for imported resources in the scenario with renewables is only 981 million tons of 

coal, 9.1 million tons of oil, and 743 TWh; compared to the import demand, in the scenario 
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without renewables, of 1,139 million tons of coal, 9.4 million tons of oil, and 745 TWh. This 

difference is small in relative terms, but corresponds to savings of 1.9 billion US$ in fuel and 

variable operation and maintenance (O&M) costs over the planning horizon. 

However, the study finds an increase of 0.51% (545 million US$) in the total discounted cost 

of the expansion planning when integrating renewables into the system. Higher capital and 

fixed O&M costs in the scenario with renewables implying some renewables-based generation 

technologies could not yet be cost-effective enough to compete with conventional sources and 

that leads to a slight increase by 0.03 $cent/kWh (0.7%) in the long run average cost for the 

whole period of 2010-2040. To deploy about 6 GW of new renewables-based power generation 

plants during this period, Vietnamese Government needs to mobilize an investment of 279 

million US$ per year on average.     

Focusing on cost-competitiveness of renewables-based power generation technologies, we 

further assume a scenario of renewables development (RET) in which a full cluster of 

investigated renewables sources is strategically integrated as candidate electricity generation 

plants. The study result shows that among renewable generation options, small hydro, biomass-

bagasse, and geothermal could be exploited for electricity generation in a completely cost-

effective manner. In contrast, other renewables including paddy straw, wood residues, 

municipal solid wastes, plantation, wind power, and solar energy would not be cost-

competitive yet with conventional energy sources to produce electricity at their current 

technology costs and fossil fuel prices assumed in the study. However, they would become 

cost-competitive when placing the Vietnamese power sector in several different low-carbon 

development roadmaps linked to possible new international climate policy post-2012.      

Placing prices on CO2 emissions in the RET scenario, which vary from 5 US$/tCO2 in 2010 to 

20 US$/tCO2 by 2040 (low carbon price trajectory) forming a scenario RET-LCV, and from 5 

US$/tCO2 in 2010 to 50 US$/tCO2 by 2040 (high carbon price trajectory) forming a scenario 

RET-HCV, could result in significantly wider penetration of renewables in the electric power 

generation industry over the period 2010-2040. The share of total electricity generation from 

renewables, in this RET-HCV scenario, would be double larger than that in the BAU scenario 

during the same period, increasing from 4.1% to 8.4%. In term of energy capacity, about 14.6 

GW of renewables-based power generation plants would be exploited by 2040, compared to 

6.3 GW of renewables used in the BAU scenario. Specifically, at relatively low carbon prices, 

there are several sustainable options for hosting carbon mitigation projects under the CDM or 

CDM-like mechanism: biomass (including rice husk, paddy straw, wood residues), and wind 

power become competitive at 4 $/tCO2, while wood plantation and municipal solid wastes 

become competitive at 6 $/tCO2. Overall, many renewables-based power projects in the 

Vietnamese power sector could be significantly competitive, for the global effort of carbon 

mitigation, with energy projects in other developing countries at a carbon price of 6 $/tCO2. 

Assuming another climate policy of placing caps on CO2 emissions in the same RET scenario, 

which vary from a low level of CO2 caps (LCC) forming a scenario RET-LCC to a high level 
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of CO2 caps (HCC) forming a scenario RET-HCC as indicated in Table 2-2, the study outputs 

help examine the effectiveness of various environmental policies for promoting sustainable 

energy supplies in the sector and further look at a possibility of building up the country’s 

NAMAs6. These assumed levels of CO2 reduction were made in a way that would be 

appropriate to the circumstances of the future economy development in Vietnam. 

Table 2-2: Three scenarios assumed with different levels of carbon emissions reduction 

targets, 2010-2040.  

RET-LCC 
2020 to 2025 2026 to 2030 2031 to 2035 2031 to 2035 

5% 5% 10% 10% 

RET-MCC 
2015 to 2025 2026 to 2030 2031 to 2035 2031 to 2035 

5% 10% 20% 20% 

RET-HCC 
2015 to 2025 2026 to 2030 2031 to 2035 2031 to 2035 

5% 15% 20% 25% 

 

What we find is that placing caps on CO2 emissions in the power sector would also foster the 

wider deployment of renewables for energy production during the same period. In this case, 

the share of renewables-based energy capacity by 2040 would increase from 4% in our 

baseline BAU scenario to 7.6% in the RET-LCC scenario, and to 7.7% in the RET-HCC 

scenario. Also the share of total electricity generation from renewables during this period 

would increase from 4.1% in our baseline BAU scenario to 6.4% in the RET-LCC scenario 

and to 7.5% in the RET-HCC scenario. As the effect of CO2 caps, the long run average cost of 

electricity generation (LRAC) during the period would also increase by 1.6% and 5.3% in the 

RET-LCC and RET-HCC scenario respectively. Taking into account the sustainable benefit of 

CO2 emissions reduction by 8.9% and 18.7% in these two scenarios, compared to the baseline 

CO2 emissions, the average abatement costs vary from 18.7 US$/tCO2 to 35.1 US$/tCO2 

respectively. However, in direct comparison of abatement costs, using caps on CO2 emissions 

in the power sector seems to be less efficient than the use of prices on CO2 emissions. 

2.3 CO2 capture and storage: a promising climate policy instrument 

Domestic coal reserves, geological potential, rapid expansion of coal-fired electricity 

generation and pronounced climate change vulnerability all make carbon capture and storage 

technology (CCS) highly interesting mitigation options for Vietnam. The ability and prospects 

to capture and sequester CO2 emissions (CCS) offers a promising technology of significant 

CO2 reduction in a way that is compatible with the future’s fossil-fuel power generation 

                                                

6
 In December 2007, parties to the United Nations Framework Convention on Climate Change adopted the Bali 

Action Plan for the enhanced implementation of the Convention, according to which developing countries would 

consider nationally appropriate mitigation actions (NAMAs) in “the context of sustainable development, 

supported and enabled by technology, financing and capacity-building”. 
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industry while also allowing coal to meet the pressing needs for energy. This explicitly 

provides opportunities to increase the CCS deployment in Vietnam’s power sector. Using an 

integrated resource planning (IRP) process model, this research provides new insights about 

the extent to which CCS would be cost-effective deployed in the sector and take an important 

role in a larger climate change mitigation strategy, and to examine its cost-competitiveness to 

other CO2 emissions mitigation options existing in the sector. 

In the chapter 4, we develop the IRP model to simulate various scenarios for the sector’s 

development under different assumptions about technological innovation linked to CCS and 

the level and timing of the carbon prices that might be imposed on CO2 emissions.  

The IRP simulation suggests that deployment of CCS-based power generation technologies is 

not economically feasible if the carbon value below 25 US$/tCO2 by 2030. However, dozens 

of CCS projects would become economically feasible within Vietnamese power sector by early 

2030 if the carbon price reaches 40 US$/tCO2 in 2030, at a time when domestic and imported 

coal costs 64 and 76 US$/ton respectively, and domestic gas costs 7.3 US$/MBtu, while 

carbon cost increases to 60 US$/tCO2 by 2040, whereas domestic and imported coal costs 81 

and 84 US$/ton respectively, and domestic gas costs 8.9 US$/MBtu. 

In comparison with renewables, the IRP suggests that CCS option would not be cheaper than 

renewables-based power plants as a mitigating option for CO2 emissions in Vietnamese power 

sector, at least before 2040. However, the economic value-added of the CCS deployment in 

conjunction to EOR or ECBM, which should greatly exist within the country, could potentially 

favor its competitiveness and earlier implementation in Vietnam. 

Looking at recent international discussions about the deployment of CCS in Southeast Asian 

countries (IEA, 2008; ADB, 2009), the authorities in Vietnam should now consider the 

possibility for integrating the prospective carbon-capture-ready option in new plants for the 

power sector future development stages. Particularly, the pre-planned retrofit of existing coal 

or gas-fired power generation plants with CCS integration could make possible its deployment 

in the near future under a yet not existing international climate change policy. The White Tiger 

(Bach Ho) Field project that includes the deployment of CCS within the Phu My natural gas-

fired generation plants, illustrates this aim to provide a chance to reduce the sectoral CO2 

emissions. Indeed it would be a solid foundation and a significant facilitation favouring a 

possible proliferation of CCS deployment in the Vietnamese power sector. 

2.4 Carbon caps versus carbon prices: environmental policies for sustainable options 

The chapter 5 assesses the technical potential for mitigation of CO2 emissions in the 

Vietnamese power sector using the IRP model integrated with prices and caps placed on CO2 

emissions in the sector. This chapter adds to the results previously presented on chapter 2, 3 

and 4, in which the study played the model with all technological options: demand-side 

management (DSM), renewables (RET), and carbon capture and storage (CCS) under these 

two environmental policies: carbon caps and prices. 
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Without a price or a cap on carbon emissions, fossil fuels dominate the baseline energy 

generation mix in the baseline power sector development (BAU scenario). Coal share of the 

overall energy generation is set at 48.5%, while renewable energy would account for only 

4.1%. The power sector CO2 emissions grow at an annual growth rate of 26% over 2010-2040, 

reaching approximately 570 Mt by 2040 and a total of 7.2 Gt. 

Placing, in 2010, a 5 US$/tCO2 price in the power sector and it increasing gradually to 20 or 

50 US$/tCO2 by 2040 reveals a technical mitigation cumulative potential set at 17% or 19.2% 

respectively from the BAU scenario over the period from 2010 to 2040. This reduction comes 

both from (i) demand-side effect: where energy-consumers would use less energy due to an 

increase in electricity price caused by imposing carbon price in the sector, and (ii) substitution 

(supply side) effect: where a strong switch to cleaner and more efficient generation 

technologies such as NGCC gas-fired, supercritical, and IGCC coal-fired technologies, as 

well as renewable energy generation sources would be deployed. More specifically, placing 

such carbon prices would increase the LRAC by 4.9% to 6.5% respectively.  

To exploit a broader mix of renewable energy sources in a scenario RET, the sector cumulative 

CO2 emissions  in the baseline scenario could potentially be reduced by 23.4% to 25.2% when 

placing the same prices on CO2 emissions in the sector. Similarly, the LRAC, as modelled 

here, would increase by 6.7% to 8.1% respectively.   

More effectively in improving the environment performance, combining renewables option 

(RET) and demand-side management option (DSM) into a scenario RETDSM suggests a 34% 

CO2 abatement could be potentially achieved if carbon price varies from 5 US$/tCO2 in 2010 

to 50 US$/tCO2 by 2040.   

In the IRP model, a cap on CO2 emissions seems to be less effective in achieving high level of 

CO2 emissions reduction in the Vietnamese power sector. In other words,  it seems to give less 

incentive to improve the environmental performance, compared to a price instrument. 

Specifically for modelling exercise, though using the same parameters and scenarios the level 

of CO2 reduction in all investigated simulation cases with carbon caps could not be cost-

optimally achieved as the same significant level, which could be achievable in the cases using 

carbon prices. For example, placing carbon prices (varying from 5 US$/tCO2 in 2010 to 50 

US$/tCO2 by 2040) could potentially achieve a significant 25% CO2 abatement in a scenario 

RETCCS-HCV (the RETCCS scenario uses both a broader set of renewables (RET) and CCS 

options), whereas placing high level (HCC) of caps on CO2 emissions in the same RETCCS 

scenario could only achieve a 19% CO2 abatement as the most significant in the RETCCS-

HCC scenario. Introducing higher levels beyond the HCC level in caps on CO2 emissions 

would always lead to infeasible cost-optimized solutions. This finding may give an 

implication that placing a cap on CO2 emissions would give limited incentives, in the lowest-

system-cost optimization manner, to optimally achieve the desired objective of significant 

environmental performance in the Vietnamese power sector, compared to a price instrument.  



34 

 

We can now further look at the analysis issue on the angle of abatement costs among these 

two environmental policies. The IRP results provide that the sector cumulative CO2 emissions 

would be already reduced by 23% in the RETCCS-LCV scenario, even at relative low carbon 

price (LCV), varying from 5 $/tCO2 in 2010 to 20 $/tCO2 by 2040, while a high average 

abatement cost of 35 $/tCO2 should be laid out if using carbon caps, but for achieving only 

19% of CO2 cumulative emissions as in the RETCCS-HCC scenario during the same period.   

However, using carbon caps within the IRP simulation, is likely to be more stringent than the 

use of carbon prices in fostering the wider penetration of CCS options to balance the 

expansion and environmental protection. As simulated here, integrating CCS into the 

Vietnamese power sector would not be cost-competitive to renewables option if carbon prices 

are employed, even in the case with high carbon price trajectory. However, with a high level 

of carbon caps (HCC) imposed as in the RETCCS-HCC scenario, 38 GW in energy capacity 

of CCS options would be already cost-effective entering the electricity generation portfolio by 

2040. It notes here all parameters and mitigation options including renewables and CCS are 

identically used in these simulations. 

Overall, adding to the theoretical analysis on the impact of different environmental policy 

instruments, the study finding would be likely to be in line with the argument that regulatory 

mechanisms are generally less efficient than economic instruments or economic incentives 

has more innovation effects than command-and-control regulation (Jaffe et al., 2001; 

Menanteau et al.,2003; Lanoie, 2008; Rodi, 2008).  

Particularly, the IRP simulation results represent a practical angle of the use direct regulation 

(quantity-based instrument) that under a lowest-cost-optimisation perspective direct 

regulation would offer an incentive to improve the environmental performance up to only a 

certain level of carbon emissions reduction. Beyond that, it could not give an incentive to 

improve the performance, whereas price-based instrument would give an incentive to reach 

higher environmental performance with higher carbon prices even though its cost-

effectiveness would not be always linearly increasing with higher prices. In practice, the 

dynamic environmental performance (or environmental effectiveness) of direct regulation is 

easily criticised as its limited external flexibility, i.e. its ability to react to changes in external 

circumstances, such as technological progress or an increase in the number of polluters (Kalle 

Määttä, 2008). With this aspect, Menanteau et al., (2003) already proven that while technical 

progress enables companies to reduce the cost of complying with regulations, no incentive is 

given, by these regulations, to companies to improve environmental performance beyond 

what is formally required. Instead, taxes and permits are regarded as more effective in 

promoting technical change. They enable companies to reduce the costs of pollution control 

and save on taxes or on the purchase of permits.     

Furthermore, there exists a relationship between cost-effectiveness and environmental-

effectiveness that the more cost-effective an instrument is, the more ambitious may be the 

environmental policy goal (Kalle Määttä, 2008). From this point of view, the study suggests 
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that carbon caps are likely cost-ineffective in the Vietnamese power sector, the environmental 

policy goals may be more ambitious in the sector with the use of cost-effective carbon prices.        

In practice, direct regulation is often supported as it is able to achieve the desired 

environmental goal within a given timeframe. In addition, with regards to incentive policy 

cost control, it would be more effective, because there usually exists uncertainty regarding 

cost curves and future market prices of carbon emissions.  

2.5 Strategies for promoting the wider adoption of sustainable energy options 

After the modelling simulation, we take a more social approach to identify barriers to the wider 

deployment of sustainable energy options in the Vietnamese power sector then analyse how to 

promote the deployment in practice.  

Particularly in this chapter 6, the research develops a formal survey among 37 national experts 

to analyze the major barriers to a wider adoption of geothermal, small hydro, and cleaner coal 

electricity generation technologies in Vietnam based on the framework of analytical hierarchy 

process (AHP). The analysis results of the expert survey provide that the dominant barriers to 

wider adoption of  small  hydropower  are  financial  hurdles,  institutional  constraints,  and 

deficiencies in government policy, while the main obstacles to the use of geothermal energy 

are a lack of information and technical know-how, weak R&D and industrial capability and 

poor policy framework. The top barriers preventing the adoption of cleaner and more energy-

efficient coal-fired generation technologies are related to institutional, economic/financial and 

awareness/information issues. Although institutional and policy barriers were not ranked as the 

most significant barriers, they are both considered  to be “must-be-overcome” barriers because 

they prevent other barriers from being overcome. 

In follows what, perhaps, is more interesting is that the study employs a comparative analysis 

approach to examine different appropriate instruments for promoting cleaner electricity 

generation options, mainly for renewable energy, in the Vietnamese power sector. In order to 

choose a major incentive support instrument as the best suited for the Vietnamese situation, 

this present study firstly compares the differences among the most common supportive 

instruments. Next, it analyses the international experiences in order to determine the most 

suitable supportive schemes that could be transferred to the Vietnamese power sector. The 

determination is necessarily based on the structure of Vietnamese energy sector including the 

level of regulated electricity prices, market participants and potential (quasi-) monopolists. In 

addition, the projected electricity demand and the level of grid development as well as the 

Vietnamese Government’s long-term targets for renewables deployment are also indispensably 

considered. As an analysis result, the study suggests that the Feed-in Tariff appears as the best 

suited major support scheme for Vietnam. This is because the Feed-in Tariff is already 

successfully employed around the globe and suits well to the boundary conditions in Vietnam. 

However, the favourable adoption of this supportive instrument for Vietnam requests not only 

the choice of a supportive scheme that makes it efficient, but also the proper design. 
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Specifically, the study suggests that in order to promote renewables deployment from niche to 

mass markets, a mix of policy instruments by combining the beneficial properties of different 

supportive schemes and instruments, needs to be tailored to the particular electricity generation 

from renewables and to the country specific situation.  

To improve performance of Vietnamese power sector towards a sustainability in long-term, the 

Vietnamese government has decided to transform power sector towards competitive and 

market-based arrangements. However, experiences of liberalized industries, around the world, 

also showed that restructuring and competition has not always improved the performance, and 

performance problems have gone on. Reform should be recognized as a long-term process that 

requires patience to achieve the desired objectives and must be based on realistic assessments 

of the national needs and capabilities (Besant-Jones, 2006; World Bank, 2009). Moreover, 

international experiences on developing country comparable to like Vietnam, where the 

demand for electricity has grown fast and irregularly, also suggest the electric power industry 

Vietnam should be structured primarily corresponding to the need of new energy capacity to 

respond to the rapid but uncertain increase in demand. The financial shortage problem for new 

investments requires the coordination of investment decisions and the limitation of risks for 

investors through long-term contracts aimed at attracting necessary investment. Therefore, the 

reform must be designed in view of the importance of the need for investment through long-

term coordination and reduction of investment risks. The single buyer model or some variants 

of it could be a good alternative if one wishes to avoid the twists and turns of the competition 

paradigm, but the institutional environment must be stabilized and the macroeconomic 

environment predictable, otherwise it goes worse (Finon, 2006). Further, as electricity industry 

features differ from the conditions of an effective competitive market, and there often exists 

only a limited number of incumbent utilities so that the competition is rather restricted. Thus, 

the operating principles of the sector reform should be carefully established and well designed 

in a manner towards the specified desired objectives. These includes (i) attracting investments 

in response to rapid but uncertain demand. In this regard, whatever solutions that could be 

adapted to suit each case, in one way or another, should be necessarily considered in order to 

create possibilities for long-term contractual agreements that permit the outlet and limit the 

risks for investors; (ii) aligning the demand for energy services towards reducing production 

costs. In this regard, electricity spot pricing could be practically applied for peak-consumption 

period; (iii) integrating climate mitigation policy into the sector development strategy in order 

to gradually advance the energy efficiency of the energy supply infrastructure; (iv) paying 

more attention and interest to low-income consumers. 

2.6 Access to feasible finance sources and the Clean Development Mechanism  

In the chapter 7, the thesis analyses the access to feasible finance sources for sustainable power 

sector development based on previous identified sustainable energy development options, 

including the Clean Development Mechanism (CDM). In fact, this chapter is based on the two 

papers written before the Copenhagen meeting and published in 2010. 
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More specifically for the CDM, the study finds that The Clean Development Mechanism 

(CDM) in Vietnam is used below its full potential. In spite of efforts to further CDM projects 

in the recent years, Vietnam still lags behind the comparable neighbouring countries in term of 

registered CDM projects. Although, although 2008 and 2009 have seen a fast growth in new 

project only 33 projects were registered up to 1 October 2010. This is much lower than the 

potential and makes it as a late starter on the global CDM rise when the window of opportunity 

created by the first Kyoto Protocol period is almost closed. This paper analyzes the barriers 

explaining this late start and slow catch-up. It suggests strategic policy recommendations 

which could increase the attractiveness of investment business in the context of climate change 

protection in Vietnam.  

Next, the chapter assesses the future prospects of the Clean Development Mechanism (CDM) 

from the perspective of a developing country, drawing on Vietnam as a case study. First, the 

study reviews the performance of the CDM and describe the evolution of carbon markets on 

the path towards a post-2012 climate regime. Next, it places Vietnam in a post-2012 context, 

and assess potential project resources, challenges, and opportunities that could arise for the 

country from a future climate policy framework. The analysis suggests that the CDM should 

remain in place and be improved to facilitate more meaningful participation by developing 

countries  in  climate  mitigation  efforts  beyond  2012.  Finally,  the  chapter  sets  out  eight 

proposals  that  could  help  improve  the  CDM  as  the  world  progresses  towards  a  new 

international climate policy framework. 

3. Concluding remarks 

Since early 1990s, Vietnam has been pursuing economic growth as the most priority for the 

development and also achieved the desired significant outcomes. However, such a high 

economic development has already caused an inevitable degradation of environment and 

natural resources. Looking forward to the next decades, the expected increasing reliance on 

burning fossil fuels, especially large-scale coal imports, for the future economic development 

based on a rapid intensification of electricity production is now placing not only high 

pressures on the depletion of natural resources but also negative health impacts and dangerous 

environmental effects locally. Besides, climate change is now already a major global threat to 

sustainable human development and Vietnam has also to take part in the effects and causes. 

Thus, the right moment has come for Vietnamese Government to review the past progress of 

the development road and have proper strategy with stronger policies towards a future 

sustainability. The sustainability also aims to strengthen opportunities for reliability, 

accessibility, and affordability of the energy supply both to rural and urban populations, as 

well as for the reduction of poverty.   

The Part A has shown that energy efficiency improvements of energy supply and demand, both 

technically and administratively, is suggested as the most effective way to improve energy 

security and reduce any potential vulnerability while renewable energy can become a major 

option for sustainable development, diversification of energy supply, and preservation of the 
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environment. Moreover, atmospheric releases of polluting emissions by Vietnam’s power 

sector are not inevitable, but rather are a consequence of choosing fossil fuel-based electric 

power generation. There are many cleaner technological solutions available which could help 

to overcome the challenging global problem of climate change and its detrimental local 

consequences. In this context, carbon capture and storage appears as a promising climate 

policy instrument for CO2 emissions mitigation in the Vietnamese power sector. 

The Part B have suggested the strategic direction, in practice, to put national energy 

development strategy on the right track of a sustainable path for the next decades, and pointed 

out policy tools including financing mechanisms and sector reform to get there. However, it 

also stressed that the practical success of the suggested policies should request not only the 

best suited choice of supportive instruments that make them efficient, but also the proper 

design in accordance with the circumstances of the country thereby a mix of policy 

instruments could be tailored to specific situation. Specially, Vietnam cannot get onto a 

sustainable energy path alone. It should need necessary supports, in terms of financing, 

technology transfer, and capacity building through cooperation and collaboration both at 

regional and international levels and be more active to look for increased development 

opportunities related to international climate change mitigation and adaptation. 

Last, but not least, the study viewed changes in Vietnamese Government actions as the key to 

overcoming the practical identified barriers related to the deployment of sustainable energy 

options. Particularly, the Government needs to reform the energy pricing in order to relax 

encouragement of the fossil-fuel use, and especially to put in place stronger regulations and 

incentives that improve energy efficiency and support low-carbon technologies. More 

investment should be laid out to enhance research and development activities for new 

technologies in the view of clean energy revolution. 

 

 


