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FOREWORD

iet Nam will be strongly affected by the consequences of unmitigated climate change. As one of

the first countries to ratify the United Nations Framework Convention on Climate Change, the

Government of Viet Nam has also long displayed commitment to doing its part to reduce greenhouse
gas (GHG) emissions. Viet Nam was also one of the first countries to ratify the Paris Agreement on
Climate Change, building on the Governments repeated support for an international climate agreement
that aims to contain global warming to 2 degrees Celsius above preindustrial levels. Viet Nam’s Nationally
Determined Contribution to the Paris Agreement aims for 8% reduction in GHG emissions by 2030 relying
solely on domestic resources, and targets 25% reduction if sufficient international support is provided.

The Government of Viet Nam has implemented an array of national programs to help reduce the carbon
intensity of growth. The 2008 National Target Program to respond to Climate Change developed an

array of mitigation and adaptation measures. Subsequently, the 2011 National Climate Change Strategy
focuses on more use of advanced energy technologies, improved energy efficiency, increased use of public
transport and cleaner transport fuels, and afforestation. The 2012 Green Growth Strategy aims to reduce
GHG emissions by up to 2% annually over the long term, and identifies 66 actions to do so. The 8th Socio-
Economic Development Plan (SEDP) for 2016-2020 also commits the country to increase renewable
energy generation.

This study aligns closely with the Governments policy objectives and illustrates how important goals of the
Nationally Determined Contribution and Green Growth Strategy can be achieved. This research has been
conducted in close coordination among experts from the Ministry of Planning and Investment, the Central
Institute for Economic Management (CIEM), the Institute of Energy, the Transport Development and
Strategy Institute, the World Bank, the United Nations Development Program, the Asian Development Bank
(ADB) and international scholars. During study conduct, experts from Viet Nam benefited from a range of
capacity building events on modeling of mitigation policies and potential.

The main message of the study is that Viet Nam may achieve substantial greenhouse gas emissions
reduction at low cost if it were to take targeted mitigation actions. Moreover, Viet Nam’s economic growth
is actually accelerated and made more inclusive over the longer term from taking such measures. Key
mitigation actions include replacement of imported coal with renewables in the future power generation
mix, increased energy efficiency in building cooling and steel production, efficient vehicle technology and
increased use of public transportation.
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The Government of Viet Nam is committed to making this mitigation potential a reality. This report can help
to inform future revision of power development plans, as well as implementation of the SEDP, so that the
country develops toward a low carbon future. To that end, the 2016-2020 Country Partnership Strategy
with ADB identifies “improving environmental sustainability and climate change response” as one its three
pillars, under which “climate change mitigation” is a focus of continued investment. Under this focus, the
Government of Viet Nam looks forward to continued collaboration with ADB to increase use of renewable
energy, promote energy efficiency, and reduce the carbon intensity of transport, as this report suggests.

Dr. Pham Hoang Mai
Director General, Science, Education, Resources and Environment Department
Viet Nam Ministry of Planning and Investment



FOREWORD

iet Nam’s economic development has been rapid, with an average of 7% growth in gross domestic
product over the last 2 decades. However, that growth has been energy intensive, and the carbon
footprint of energy has been rising. Without dedicated policies and actions, these trends are likely
to continue. This implies that future greenhouse gas (GHG) emissions may be much higher than current
levels, which still remain below the global average on a per capita basis. Moving to a low-carbon development
pathway can not only benefit the global climate, but also help to make the economy more efficient and
competitive, increase energy security, and generate an array of co-benefits to human health and well-being.

The Government of Viet Nam has undertaken many policy measures to promote low-carbon growth.
In 2012, it adopted the Viet Nam Green Growth Strategy (VGGS), which promotes low-carbon
economic development and energy efficiency, and offers the first official establishment of GHG
emissions intensity reduction goals. In 2015, the country pledged to reduce GHG emissions by 8%
by 2030, as compared with business as usual, with a possible reduction of 25% under international
support. To help reach this goal, a Renewable Energy Development Strategy was issued in 2015 to
cover the period through 2030, with a vision to 2050.

This study assesses how Viet Nam’s green growth objectives can be achieved through a detailed
modeling approach that draws on extensive national stakeholder input to ensure alignment with
sector plans and strategies. It assesses 63 specific measures in the four key sectors in Viet Nam

that dominate GHG emissions: power generation, household electricity consumption, industry,

and transportation. In line with the vision of Viet Nam’s strategies, the study focuses on the period
through 2050, as many low-carbon development investments will take considerable time before their
full mitigation potential is realized. The approach couples bottom-up engineering-type modeling with
top—down economy-wide modeling to understand broader economic and poverty impacts.

The study affirms the tremendous GHG mitigation potential in Viet Nam at low or even negative costs.
Assessed measures are found to have the potential to mitigate over 4,600 million tons of carbon dioxide
equivalent (MtCO,e), with nearly zero net cost per ton of carbon dioxide equivalent (tCO.e) for the
period through 2050. The vast majority of abatement is generated by the power sector, where imported
coal is replaced by biomass, solar, and wind power. Transport follows next, where improvements in vehicle
technology and modal shifts to public transport dominate mitigation outcomes. Industry and household
sectors illustrate the potential to replace inefficient equipment, particularly for the steel industry and for
building cooling, to help reduce energy needs and emissions.
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Moreover, the study has found benefits to investing in a low-carbon future. Although there are some
front-loaded investment costs, economy-wide modeling reveals that economic growth is accelerated
for most of the analytical period under the low-carbon scenario. That acceleration is also found to
benefit lower income populations more, so that growth is more inclusive.

We would like to thank the Government of Viet Nam for its support and suggestions throughout the
implementation of this study. ADB looks forward to working with Viet Nam to further mainstream low
carbon growth in a range of sectors through continued dialogue and engagement.

Yasuyuki Sawada
Chief Economist and Director General

Economic Research and Regional Cooperation Department
Asian Development Bank
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EXECUTIVE SUMMARY

Viet Nam’s economy is becoming more carbon intensive

Viet Nam has developed rapidly over the past decades. However, the development of Viet Nam’s renewable
energy supply (mainly hydro and biomass) has not kept pace with the needs of its economy, which has grown
to rely on higher carbon energy. In 1990, over 60% of electricity was produced from hydropower and more
than 70% of total energy consumption was low-carbon. By 2010, this situation had reversed with only 30% of
electricity produced from hydroelectric power and over 70% of total energy consumption from fossil fuels.

Greenhouse gas emissions growth will continue to be rapid without a change of course

Under a growing economy, emissions are poised to increase rapidly. As shown in this study, Viet Nam’s
economy could expand by almost 14 times in real terms over the 4 decades between 2010 and 2050 under
the 7% annual economic growth targeted by the Government of Viet Nam. Viet Nam’s population may grow
from 85 million to over 105 million, and lifestyles will change from mainly rural to predominantly urban. Gross
domestic product (GDP) per capita over this period could increase over 10 times, with the greatest growth

in urban areas. As a result of this growth and an increasingly carbon-intensive energy mix, energy-associated
emissions may also have a 10-fold increase between 2010 and 2050.

The Government of Viet Nam recognizes the need for low emissions growth

To achieve rapid economic growth that is sustainable, a change of course in the energy sector is needed.

The Government is aware of these challenges. The approvals of Viet Nam’s National Climate Change Strategy
in 2011 and the Viet Nam Green Growth Strategy (VGGS) in 2012, as well as submission of a Nationally
Determined Contribution (NDC) to the Paris Agreement, underscore the Government’s commitment to
low-carbon development.

A low-carbon development pathway is feasible

This study uses the current sectoral master plans, particularly the National Master Plan on Power
Development, as its reference. It applies a detailed bottom-up analysis of household electricity demand;
emissions from five energy-intensive industries; on-road, rail, inland waterway, and coastal transport; and the
power sector—electricity generation—to identify a possible alternative low-carbon development scenario.

This study covers most of the energy sector and all the areas from which a marked increase in greenhouse
gas (GHG) emissions can be expected over the time frame to 2050. It evaluates 63 measures to reduce
GHG emissions from the energy sector and process emissions from five industries. The greatest mitigation
contribution of nearly 500 million tons of carbon dioxide equivalent (MtCO,e) in 2050 comes from the
power sector, based on efficiency measures that reduce the demand for electricity and a strong move toward
low-carbon generation options on the supply side.



Viet Nam can meet or exceed its mitigation targets

The modeled low-carbon pathway exhibits a mitigation of 7% in 2020, compared with a VGGS target of
10%. In 2030, the modeled pathway exhibits a mitigation of 18% compared with a VGGS target of 20% and,
in 2050, a mitigation of 53% compared with a VGGS target of 50%. Compared with the NDC, it has nearly
the same relative emissions reduction as the contribution under international support (25% reduction),
and represents a lower level of 2030 emissions, due to a lower reference emission level. This suggests that
national mitigation targets are achievable.

Ambitious mitigation can save costs

Application of the 63 measures reduces CO,e emissions from 2010 to 2050 by over 4,600 million tons with
an average mitigation cost of -$1 per ton of CO.e and a leveling off of annual GHG emissions at around

500 million tons per year from 2035 onward. Over 75% of the total mitigation can be achieved with a negative
or zero mitigation cost.

The study demonstrates that a low-carbon development pathway can be economically attractive, requiring
lower investment, fuel, and operating expenses in the sectors that were evaluated than in a business-as-usual
“reference scenario” based on sector development plans. In the low-carbon scenario, cash flow expenditures
ultimately fall because of reduced expenditure on fuel, particularly imported coal. By 2050, fossil fuel
consumption in the low-carbon scenario (in million tons of oil equivalent) is approximately half that of the
reference scenario.

Low-carbon development can accelerate economic growth

To assess broader economic impacts, the study applies the low-carbon scenario in a computable general
equilibrium model of Viet Nam’s economy. This finds some initial costs from investment requirements, which
are more than offset by faster economic growth and a larger economy after 2030. The effect of growth is
inclusive, as poorer populations have larger relative gains in consumption than those with higher income.

A less carbon-intensive power sector is critical to reducing emissions

Power generation changes contribute more than 70% of the total mitigation potential over 2010-2050. This
sector has lower GHG emissions in the low-carbon scenario than in the reference scenario because of supply-
side measures and reduced demand resulting from energy-efficiency measures. End-user energy-efficiency
measures contribute 15% of this reduction, while the remainder is brought about by changes in electricity
generation. This study evaluates 12 supply-side measures to reduce GHG emissions, including increasing
generation from biomass, solar, onshore wind, and microhydro. Together, these generate a total mitigation

of nearly 3,000 MtCO.e at a negative weighted average marginal abatement cost. Under the low-carbon
scenario, the direct cost of electricity generation is reduced in the future, while energy security is enhanced.

Saving household energy is a low cost mitigation strategy

Electricity demand-side measures including increased household appliance efficiency coupled with building
improvements add 400 MtCO,e of mitigation potential over 2010-2050. Over the 40-year analytical time
frame, the greatest increase in electricity demand from households is expected to result from widespread
adoption of air conditioning. To stem the demands of increasing air conditioning use on the grid, particularly
from 2035 onward, simple building retrofit measures—such as low-e window glazing, window shades, and
ceiling fans, plus hybrid solar/electric water heating—become cost-efficient mitigation techniques that
should be considered together with comparable building standards for new construction.



Improving appliance energy efficiency through mandatory standards costs less than increasing generation
capacity. Linking such standards directly to those of a larger market can simplify implementation for both
the national agency and for manufacturers involved.

There is substantial potential to enhance industrial energy efficiency

A strong industrial energy-efficiency program could help Viet Nam realize these mitigation opportunities
and follow through with supportive regulations, institutional frameworks, and financing until these are
achieved. The energy-efficiency measures studied in five high-energy-consuming industries (iron and
steel, cement, fertilizer, refining, and pulp and paper) contributed a total mitigation of over 600 MtCO,e
in 2010-2050 at an overall average mitigation cost of $2/tCO,e. Of this, almost 80% of emissions
savings through energy-efficiency measures come from power generation from waste heat recovered in
large integrated iron and steel and cement plants. Fiscal measures, support to Energy Service Company
markets, improved analysis of energy-efficiency performance, and better information dissemination can
help to achieve these improvements.

Transport mitigation is important both to climate change and to quality of life

Private car ownership may grow thirty-five-fold from 2010 to 2050, with attendant potential greenhouse gas
and pollution emissions increases. Transport sector measures account for nearly 15% of the total 2010-2050
mitigation (contributing a reduction of 650 MtCO,e over this period). Of the 10 packages of measures
considered, improving vehicle technology, biofuel use, and modal shifts from private motorized vehicles to
public transit provided 540 MtCO,e of mitigation.

In future years, GHG emissions per passenger-kilometer from electric two-wheelers can effectively compete
with those from public transit. However, promoting an aggressive modal shift to mass transit is still critical to
health, quality of life, and urban development. Even if one-half of all motorized passenger-kilometers were
handled by mass transit, total passenger-car kilometers in 2050 could be similar to that of two-wheelers

in recent years, while two-wheeler vehicle kilometers may double, with severe implications for congestion,
health, and productivity. Urban planning may actively promote mass transit, discourage car ownership and
use within cities, and reduce the need to travel.

A low-carbon transition depends upon establishing the right enabling conditions

Low-carbon development depends upon realigning incentives. Previously, Viet Nam had subsidies

for fossil fuels for the power sector. Under the National Master Plan on Power Development, these
subsidies are being removed, with a commensurate increase in the price of electricity to cover its cost of
generation. More broadly, decarbonization will require sustained political commitment that transcends
master plans to lower barriers to energy efficiency and attract investment in green growth and low-
carbon development opportunities.



1. INTRODUCTION

1.1 A Low-Carbon Future Matters
for Viet Nam

iet Nam is among the world’s most
Vvulnerable countries to unmitigated

climate change. With a long, low-lying
coastline in the “typhoon belt” of Southeast
Asia, the country has been ranked eighth highest

globally in terms of climate vulnerability over
the 1996-2015 period (Kreft et al. 2016).

The largest source of recent disaster losses in

Viet Nam has been flooding, and climate change
will exacerbate this risk (UNISDR 2015). As climate
change progresses, precipitation is expected to
become more concentrated, variable and extreme.
Even as total rainfall increases, the length of the

dry season is expected to grow, so that there is
increased risk both from flooding and from drought
(MONRE 2010).

These effects will be compounded by sea-level rise,
which poses a particularly high risk to Viet Nam,
due to its combination of large delta regions and an
extensive coast. Sea-level rise will not only directly
inundate land and assets, but will also increase
damage from storm surges and flooding. As early
as 2030, $250 billion in assets may already be at
risk from flooding expansion under climate change
(Rutten et al. 2014).

Agriculture, which accounted for 44% of national
employment in 2015, is especially threatened.
Increased heat stress from longer periods of peak
temperatures will adversely affect crops and
livestock, and drought losses will be exacerbated
by prolonged dry seasons. Only considering
precipitation, radiation and temperature effects,

Nelson et al. (2010) found more than 10% yield
reduction for irrigated rice, the main staple crop,
in 2050 under the “balanced growth” A1B climate
change scenario. In addition, over 2,000,000
hectares of agricultural land are threatened by the
effects of sea level rise, storm surges and related
salinity intrusion (Wassmann et al. 2004), and
projections of production losses due to salinity
and inundation are approximately twice those of
temperature, radiation and rainfall effects alone
(Yu et al. 2010). Moreover, the periods over
which humidity adjusted temperatures exceed
limits for intense human physical activity will grow,
limiting labor availability for agricultural operations
(Kjellstrom et al. 2009).

Beyond agriculture, temperature increases under
the ALB scenario may lead to 13% increased
energy demand by 2050, as more cooling is
needed (Raitzer et al. 2015). Tourism will

suffer, as the climate becomes less ideal for
tourist arrivals, which may be reduced by 12%

by 2050. Catastrophic risk to infrastructure,
assets, ecosystems, and human safety will rise
along with increased storm damage. Collectively
considering a range of effects, climate change
may push over 1,000,000 people in Viet Nam into
extreme poverty already by 2030, and many more
thereafter (Rozenberg and Hallegatte 2016).

Minimizing these adverse impacts depends on
concerted action to address climate change.
Although adaptation is important for those effects
that cannot be avoided, the first best solution is
mitigation to minimize global warming. Viet Nam
has important potential to contribute to achieving a
low-carbon future for the world, which is very much
in its own interest.




1.2 Viet Nam’s Energy
and Emissions Context

Historically, Viet Nam has not been a major
contributor to climate change. However, the
country’s rapid economic growth, in the context of
an increasingly carbon intensive energy system, is
changing this situation. Over the last 2 decades,
Viet Nam doubled its gross domestic product
(GDP) per capita with an average GDP growth rate
of about 7%. Between 2010 and 2020, despite

the global economic downturn, the Government
of Viet Nam is targeting to again double GDP per
capita while increasing per capita income at an even
faster rate of 10% annually.

Over recent decades, growth has been resource-
intensive, with relatively little diversification

and value added in exports. In addition, high
fossil fuel subsidies and low energy prices have
undermined investment in the energy sector

and discouraged efficient use of energy. The
economy has also exhibited macroeconomic
turbulence with double-digit inflation and loss of
international reserves.

One threat to market competitiveness has been
that power generation has had problems keeping
pace with the growing demand. In 1990, almost
three-quarters of primary energy consumption
were from nonfossil fuels and over 60% of electricity
came from hydroelectric generation. By 2010—

the base year for this study—the situation had
reversed with over 70% of total energy consumption
coming from fossil fuels and less than one-third

of electricity from hydro. The national supply

of coal is projected to grow at a lower rate than

the increase in electricity demand, resulting in a
growing dependence on imported fuels that are
rapidly increasing in cost. This raises energy security
concerns and makes improving the economy’s
energy efficiency more critical than ever.

In terms of energy intensity improvement,
Viet Nam has surpassed many Asian economies.
In 1990, about 180 kilograms of oil equivalent of

energy was required to generate $1,000 of GDP
(at constant 2011 purchasing power parity [PPP]),
while in 2011, only 148 kilograms of oil equivalent
of energy was required to generate $1,000 of
GDP. Figure 1 shows that Viet Nam had improved
its energy intensity by 2011 (from a base year

of 1990) more than many Asian nations, except
for People’s Republic of China, India, and the
Philippines. However, highly developed economies
that could be Viet Nam’s future clients for high
value-added production are progressing even more
consistently (see Figure 2), which may indicate a
possible slow erosion of competitiveness.

Despite this improvement in energy intensity,
Viet Nam exhibited the fastest growth in carbon
dioxide equivalent (CO,e) emissions intensity in
the region over this same period, largely because
of a growing dominance of coal in the energy
mix. Viet Nam’s total emissions increased seven
times and per capita emissions more than tripled
while the carbon intensity of GDP increased

by 78% (Figure 3)—a relative increase in CO,e
emissions greater than that observed in all regional
comparators including the People’s Republic

of China, India, and the Republic of Korea.

This means that Viet Nam’s greenhouse gas
(GHG) emissions are rising rapidly (Table 1),
albeit from low per capita levels. In 2010, GHG
emissions per capita were below the global average
at 2.84 tons of carbon dioxide equivalent (tCO,e).
At the same time, non-land-use emissions grew
by 12% annually between 2000 and 2010, more
rapidly than the 8% growth between 1994 and
2000. This increasing growth is attributed to
emissions from energy, particularly in the power
sector and other energy industries, manufacturing,
and transportation, all of which have annual
growth rates of 10% or more, as well as growth

in emissions from industrial processes. These
sectors generate the bulk of emissions, with 65%
of 2010 emissions from energy and industry.
Unless Viet Nam takes action toward low-carbon
development, it may become a much bigger
contributor to climate change in the future.
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Figure 1: Relative Trend in Energy Intensity of GDP Compared with 1990 in Asia
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Figure 2: Relative Trend in Energy Intensity of GDP Compared with 1990 in Europe
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PATHWAYS TO LOW-CARBON DEVELOPMENT FOR VIET NAM

Figure 3: Relative Trend in CO,e Emissions Intensity of GDP Compared with 1990 in Asia
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Table 1: Greenhouse Gas Emissions in Viet Nam

(MtCO,e)

1. Energy 25.63 52.77 141.17 57.2% 115.54 12.8% 10.3%
1.1. Energy industries 4,13 11.20 41.06 16.6% 36.96 18.1% 13.9%
1.2. Manufacturing and 7.70 15.11 38.08 15.4% 30.37 11.9% 9.7%

construction
1.3. Transport 3.66 11.95 31.82 12.9% 28.16 21.8% 10.3%
1.4. Other 10.14 14.51 30.22 12.2% 20.08 6.2% 7.6%

2. Industrial processes 3.81 10.01 21.17 8.6% 17.36 17.5% 7.8%

3. Agriculture 52.45 65.09 88.35 35.8% 35.91 3.7% 3.1%

4. LUCF 19.39 15.10 (19.22) n.a. (38.61) (4.1%) n.a.

5. Waste 2.56 7.92 15.35 6.2% 12.79 20.7% 6.8%

TOTAL GHG emissions 103.84 150.90 246.83 142.99 6.4% 5.0%

(with LUCF)

TOTAL GHG emissions 8445 135.79 266.05 181.59 8.2% 11.9%

(without LUCF)

() = negative, GHG = greenhouse gas, LUCF = land-use change and forestry, MtCO,e = million tons of carbon dioxide equivalent,

n.a. = not available.

Source: United Nations Climate Change Secretariat. Emissions Summary for Viet Nam. https://unfccc.int/files/ghg_data/ghg_data_unfccc/ghg
profiles/application/pdf/vnm_ghg_profile.pdf.



1.3 Current Climate Change
and Green Growth Policies

1.3.1 Viet Nam’s Mitigation Measures

The Government of Viet Nam recognizes this
challenge. In 1994, it ratified the United Nations
Framework Convention on Climate Change
(UNFCCC), and became a signatory of the Kyoto
Protocol in 2002. In 2008, it promulgated its
National Target Program to Respond to Climate
Change to assess climate change impacts and
develop adaptation and mitigation measures. The
Ministry of Natural Resources and Environment
acted as the main focal point and coordinator of all
these activities and programs. In 2003, Viet Nam
submitted its first National Communication to
the UNFCCC, reporting its first official national
1994 GHG inventory, which was later updated

at its Second National Communication in 2010.

In 2011, the National Climate Change Strategy
was created, outlining the country’s objectives for
2011 through 2050. Most strategy measures relate
to adaptation, but there is a strong mitigation
component as well, which focuses on developing
and deploying advanced energy technologies,
promoting public transport and low-carbon fuels
for transportation, and improving energy efficiency
and afforestation.

In 2012, the Government approved the Viet Nam
Green Growth Strategy (VGGS), which includes
mitigation goals. It focuses on improving energy
efficiency, changing the fuel structure in industry and
transportation, and increasing the proportion of new
and renewable energy sources. The VGGS is to be
achieved through an action plan that was approved
in 2014, which comprised 66 specific actions to be
implemented over 2014-2020. Figure 4 shows the
proposed road map for achieving the VGGS.

Figure 4: Proposed Green Growth Strategy Road Map
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1. Low-carbon growth

2. Greening of production
3. Green lifestyles
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The VGGS specifies the following targets to reduce
the emissions intensity of the economy:

B For2011-2020:
Reduce the intensity of GHG emissions by
8%-10% as compared with the 2010 base,
energy emissions by 10%-20% compared
with business as usual (BAU) with the upper
bound dependent on international support,
and energy consumption per unit of GDP by
1%-1.5% per year.

B Orientation toward 2030:
Reduce GHG emissions by 1.5%-2% per year,
reduce GHG emissions in the energy sector
by 20%-30% compared with BAU (the upper
bound is dependent on international support).

B QOrientation toward 2050:
Reduce GHG emissions by 1.5%-2% per year.

It also aims to adjust sectoral master plans to ensure
that (i) natural resources are used economically and
efficiently; (ii) development of green industry and
green agriculture is encouraged; (iii) investment

in natural capital is enhanced; and (iv) pollution is
actively controlled and treated.

Key goals toward 2020 are as follows:

B [ncrease the value of high-tech and green-tech
products to 42%-45% of GDP.

B Increase the proportion of manufacturing
facilities that meet environment standards
to 80%.

B Apply clean technology and development
investment to protect the environment and
enrich natural capital to a value of 3%-4%
of GDP.

At the 21st Conference of the Parties to the
UNFCCC in Paris, the Government reaffirmed
its goal to contribute actively to the global
objective of climate change mitigation, based on
domestic capacity and international support. In
the Nationally Determined Contribution (NDC),
Viet Nam has defined its mitigation goals over
2021-2030, with the unconditional objectives
of (i) 8% reduction in emissions by 2030 relative
to a BAU scenario; and (ii) a 20% reduction in
emissions intensity (emissions per unit of GDP)
against 2010 levels. With international support
in the form of financing, capacity building, and
technology transfer, this may rise to as much as a
25% reduction. Under this conditional target, the
emissions intensity reduction increases to 30%.

To define how mitigation goals will be achieved,
10 measures were identified in the NDC

(Table 2), of which 3 relate to the energy

sector, 2 to land use, 1 on waste, and the

other 4 are crosscutting. The energy measures
focus on adoption of improved technology for
energy efficiency in the residential, trade, and
services sectors; shifts of transport modalities
toward public transport and increased use of

rail; and improved transport fuel efficiency and
emissions standards. These are complemented by
encouraging the use of cleaner fuels, increased
use of natural and liquid petroleum gas in public
transport, and elimination of fossil fuel subsidies.
Promoting renewable energy by developing

the renewable energy technology market and
supporting research and deployment of advanced
energy technologies will in part diversify energy
use away from fossil fuels.



Table 2: Viet Nam’s Priority Mitigation Actions to Meet Nationally Determined Contribution Pledges

Change the fuel structure in industry and transportation.

el 00 Il |~

consumption.

Strengthen the leading role of the state in responding to climate change.
Improve effectiveness and efficiency of energy use, reducing energy consumption.

Promote effective exploitation and increase the proportion of new and renewable energy sources in energy production and

5. Reduce greenhouse gas emissions through the development of sustainable agriculture, and improve the effectiveness and

competitiveness of agricultural production.

6. Manage and develop sustainable forests, and enhance carbon sequestration and environmental services; conserve
biodiversity associated with livelihood development and income generation for communities and forest-dependent people.

7.  Waste management.

8.  Communication and awareness raising.
9.  Enhance international cooperation.
10. Monitoring and evaluation.

Source: UNFCCC (2016). Available at http://www4.unfccc.int/Submissions/INDC/Published%20Documents/Viet%20Nam/1/VIETNAM’S%20

INDC.pdf.

1.3.2 Energy Sector Policies

In 2011, Viet Nam approved the National Master
Plan on Power Development (PDP-VII), which

lays out a scenario of rapidly increasing electricity
demand, supplied mostly by fossil fuels. Under
PDP-VII, power generation rises from between 194
and 210 terrawatt-hours (TWh) in 2015, to between
695 and 834 TWh in 2030. Most of this rapid growth
is to be fed by fossil fuels, which are to account

for 73.6% of 2030 domestic generation, with coal
dominant at 58.6%. The rationale for rapid expansion
is 8.0% GDP growth from 2016 to 2020, followed

by 7.8% GDP growth thereafter, combined with an
elasticity of electricity demand to GDP that is above
1 until 2020.

It has been increasingly recognized that PDP-VII
overestimated increases in power demand, largely
due to overoptimistic GDP growth assumptions. From
2013, adjustments to PDP-VII started to be assessed.
These led, in mid 2016, to PDP-VII-Revised to reflect
lower levels of demand resulting from lower rates of
economic growth than previously anticipated. By
2030, power generation is expected to rise to 572
TWh, rather than approximately 700 TWh under the
original PDP-VII. However, the revised version retains
a fossil-fuel-dominated mix. Even under the revised

version, by 2030, 53% of power generation will be
from coal, with only 132 TWh from hydropower and
renewable energy sources.

At the same time, the Government recognizes an
ambition to develop renewable energy, although
this is not yet framed as a commitment. In 2015,
the Viet Nam Renewable Energy Development
Strategy (VREDS) to 2030 and outlook up to 2050
was approved. According to this new strategy, the
development and upscaling of renewable energy
sources will help the country achieve its mitigation
and green growth goals.

VREDS aims to maintain renewable energy’s share
of primary energy constant at approximately 32%
through 2050, even as energy generation rises
rapidly to 44% by 2050. Of this share, a large portion
is to be achieved in the electricity sector, where the
renewable (including hydropower) share is constant
at more than 30% through 2030 and will grow to
43% by 2050. Within electricity, rapid scaling up of
biomass, wind, and solar power offsets a declining
share of hydropower over time, as hydropower
development cannot keep pace with increasing
electricity demand. Outside of electricity, solar
heating, biomass heating, and biofuels make up
increasing shares of primary energy.




The 2011 Law on Economical and Efficient Use
of Energy and Measures, the Viet Nam Energy
Efficiency and Conservation Program, and the
National Target Program for Energy Efficiency
and Conservation which was passed in 2012,

are intended to promote demand-side energy-
efficiency targets, such as saving 5%-8% of total
national energy consumption in 2012-2015. This
would be achieved by promoting the use of energy-
efficient equipment, enforcing energy-efficiency
management for new buildings, and establishing
minimum energy performance standards for
industries and public transport development.

Viet Nam thus faces a crossroad—it can continue
on a pathway to energy-intensive, fossil fuel-driven
growth, with a rapidly rising carbon footprint, as
illustrated in plans under the original PDP-VII. Or
it can follow an alternative potential future driven
by green growth, as enumerated in the ambitions
of the VGGS, the NDC, and VREDS. Better
understanding of what the green growth pathway
entails, how it can be achieved, and what it means
for the economy is important for identifying how
and with what consequences the country can
pursue the low-carbon path.

1.4 Results of Recent Low-Carbon
Analytical Work

This study is not the first effort to investigate
low-carbon development options for Viet Nam.

As part of the VGGS formulation, Viet Nam
undertook a bottom-up analysis of key sectors that
showed significant win-win mitigation options in
the energy and agriculture sectors and large cost-
effective opportunities in the forestry sector. With
appropriate levels of investment, the study revealed
that Viet Nam’s GHG emission reduction targets
could be achieved while maintaining an acceptably
high level of GDP growth (see Figure 5).

Figure 5: Greenhouse Gas Emissions
and Potential for Mitigation through
the Viet Nam Green Growth Strategy
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The Government has worked with international and
bilateral agencies to assess low-carbon development
options as part of several assessments, such as

Viet Nam’s 2nd National Communication to the
UNFCCC (MONRE 2010); the draft Technical
Working Paper on GHG Emissions, Scenarios, and
Mitigation Potentials in the Energy and Transport
Sectors of Viet Nam (von Hippel et al. 2013); and
the Background Analysis of Marginal Abatement
Costs for the Green Growth Strategy (UNDP-MPI
unpublished).

In 2016, the World Bank produced a report (Audinet
et al. 2016) using a version of the Energy Forecasting
Framework and Emissions Consensus Tool (EFFECT)
produced in collaboration with this study, but with

a focus on the period through 2030. A comparative
analysis between these studies and the World Bank’s
study suggests (i) a broad convergence of results—
pointing to a consistent set of low-carbon actions,
and (ii) the complementarity of the studies that can
be viewed as a sensitivity analysis of one another.
Table 3 provides a snapshot of key features and
outcomes of the four studies.



Table 3: Comparison of Recent Low-Carbon Studies

CO,
Emission
in 2010

Study Coverage Model (MtCO,e)
MONRE Energy end use in LEAP 113
(2010) transport, industry,

agriculture, residential,

and commercial and

energy production
ADB Energy end use in LEAP and approx.
(2013) transport, industry, EFFECT 150

agriculture, residential,

and commercial and

power generation and

energy transformation
UNDP-MPI Energy end use and MACC Builder 129
(2012) power generation Pro+ IPCC

guidelines

World Bank Energy end use in EFFECT 110
(Audinet et transport, industry,
al. 2016) residential, and

commercial and power
generation

Assessed
CO, Energy Sector
Emission Mitigation Number Measures
in2030  Potential of Low-  Sufficient to
under during Carbon  Reach VGGS
BAU 2010-2030 Options Targetin
(MtCO,e) (MtCO,e) Analyzed 2030
471 192 15 Insufficient
approx. 1,200 35 Sufficient
640
615 227 35 Insufficient
495 845 66+ Sufficient
additional
energy-
efficiency
improvement

ADB = Asian Development Bank, BAU = business as usual, CO, = carbon dioxide, EFFECT = Energy Forecasting Framework and Emissions
Consensus Tool, IPCC = Intergovernmental Panel on Climate Change, LEAP = long-range energy alternatives planning, MACC = marginal abatement
cost curve, MONRE = Ministry of Natural Resource and Environment, MtCO,e = million tons of carbon dioxide equivalent, UNDP-MPI = United
Nations Development Programme-Muinistry of Planning and Investment, VGGS = Viet Nam Green Growth Strategy.

Note: MONRE (2010) and UNDP-MPI (2012) also cover greenhouse gas emissions in agriculture and land use, land-use change, and forestry
sectors. However, only results from the energy sector are used here for comparison across the studies.

Source: Adapted from Audinet, P, B. Singh, D. T. Kexel, S. Suphachalasai, P. Makumbe, and K. Mayer. 2016. Exploring a Low-Carbon Development Path

for Vietnam. Washington, DC: World Bank.

All studies show that Viet Nam has mitigation
options that can reduce growth in GHG emissions
in varying degrees. For example, the World Bank
study portrays a low-carbon pathway in which
GHG emissions increase by only a factor of

3.5 times by 2030, compared with a BAU scenario
with 5 times growth.

1.5 Objectives and Approach

These recent analyses evaluate the mitigation
potential to 2030 and the probability that Viet Nam
may reach its VGGS targets in that year. The year
2030 is not long into the future, which severely
limits mitigation possibilities that can be reported
considering infrastructure life and stock turnover.
This modeling time frame is not long enough to
fully evaluate the reduction in emissions that can
result from changes in technology or efficiency

improvements implemented at some near future
date. For example, a power plant may have an
operating life of 40 years; thus, in 2030, the majority
of currently operating plants will still be active—
unless they are prematurely scrapped, which would
have severe cost implications. Likewise, appliances
and vehicles are generally not replaced with more
efficient units until they reach the end of their useful
life, and changes in user habits—such as modal shift
to nonmotorized transport and mass transit—do not
exhibit full benefits immediately since it takes time
for infrastructure changes to be fully rolled out.

This study adds value by taking a longer-term
perspective to 2050, which enables such
substitution impacts to be better evaluated. It also
allows forecast changes in fossil-fuel prices and
technology costs to be considered in the analysis.
The recent studies did not include impacts of longer-



term fuel price and changes in technology cost

and how these might affect decisions. In addition,
whereas other studies (including by the World Bank)
have been rooted in analysis of the original PDP-VII,
this study takes into account more recent revisions
that change the energy outlook considerably.

In line with the longer-term focus, this study also
adds more consideration of technical improvement
even in the absence of low-carbon specific policies.
Thus, this study starts from a scenario in which the
energy efficiency of energy-consuming appliances
and industrial facilities increases over time, as a result
of spillover effects from other markets with more
stringent energy regulations.

This study takes a pragmatic, technically rooted
approach to evaluating a goal of stabilizing emissions
at around 500 million tons of CO,e (MtCO,e) by
2050—which is consistent with the VGGS long-
term goals—with reductions over future decades,

in the understanding that this is considerably more
aggressive than the goal of any recent study.

The overall objectives of the study are to

(i)  identify medium- to long-term energy
sector mitigation opportunities for
Viet Nam;

(i) assess what abatement can be achieved
at what cost through different mitigation
opportunities; and

(i)

identify policy and technical measures that
can help realize mitigation potential.

This report describes two possible scenarios covering
Viet Nam’s development from a base year of 2010 to
2050. The reference scenario is based on PDP-VII-
interim-revision (as per a draft available in late 2014
from the Institute of Energy) and current sector plans
while the low-carbon scenario investigates further
migration opportunities to reduce GHG emissions
and evaluates the costs and some of the benefits of
following this development pathway. Each scenario
portrays a plausible path of evolution for four sectors:
on the supply side, electricity generation; and on

the demand side, household electricity demand,
transport, and industry.

This study focuses on sectors that generate the
majority of GHG emissions in Viet Nam, and those
that are the fastest-growing sources of emissions.
However, the scenarios do not cover Viet Nam’s
complete emissions inventory. Specifically, this
bottom-up analysis does not include

B agriculture sector emissions or fuel use other
than electricity in agriculture;

B |and use and land-use change;

B waste;

B fuel usage other than electricity in buildings,
construction, and small and medium-sized
enterprises (SMEs); and

B process emissions other than those from the
selected large, energy-consuming industries.



2. METHODOLOGY

he model used for this study is the Energy

Forecasting Framework and Emissions

Consensus Tool (EFFECT), an Excel-
based, inventory-style tool with some built-in
optimization that can be opened and used easily
by multiple stakeholders. The tool facilitates
transparent sharing of data and assumptions
used to model future scenarios, so as to
help foster consensus on future actions.

The model consists of five main modules (power
generation, land transport, household electricity
consumption, nonresidential, and industry) of
which three were used in this study. A fourth
sector, industry, was later added under a sharing
agreement with the World Bank, using the work
performed by Ernst & Young Calcutta, and reported
by Audinet et al. (2016).

EFFECT had been successfully used in many
different national and subnational low-carbon
development studies. It is designed to evaluate

and compare different development scenarios in

the specific areas focused by the modeling where
important mitigation impacts can be achieved. Thus,
bottom-up modeling is usually not used to model
the whole economy, but to evaluate the benefits of
a specific policy and /or investment by comparing
scenarios:

(i)  Areference scenario portrays what is likely
to happen under a normal development
process in which no special emphasis is
placed on reducing the climate change
impacts of development.

(i) Alow-carbon scenario assesses options
to achieve the same or better development
progress than in the “reference scenario”
but with lower greenhouse gas (GHG)
emissions.

The differences between these scenarios allow
evaluation of mitigation opportunities, their
associated co-benefits, barriers to adoption, and the
cost of achieving them.

The reference scenario considered by the study

is the Power Development Master Plan for 2011~
2020 with outlook to 2030 (hereinafter referred to
as PDP-VII) developed by the Institute of Energy
(IEVN). As described in more detail subsequently,
a 2014 revision of the plan is utilized.

The low-carbon scenario was prepared by analyzing
the mitigation options in the power, household, and
industry sectors, using 2010 as a baseline year for
starting low-carbon efficiency cost and carbon dioxide
equivalent (CO,e) emissions, and extended to 2050.

As portrayed in the reference scenario over the
decades between 2010 and 2050, CO,e emissions
are likely to increase by a factor of over 10 times,
from 113 million tons to 1,073 million tons, driven
by an economic growth—in real terms—of almost 14
times. The low-carbon scenario shows an alternative
in which emissions grow less than five times over this
modeling period for a mitigation

(or annual savings) in 2050 of 574 million tons of
CO,e (MtCO,e). This mitigation effort is additional
to the mitigation actions already reflected in the
power sector plans of the reference scenario.




2.1 Dataand Assumptions
in the Reference and Low-Carbon
Scenarios

Bottom-up models, by definition, need a wealth
of microlevel detailed historic data to populate

the base year, and EFFECT is no exception. The
need to locate appropriate data for the model is
important to low-carbon development research,
since without a correctly built base year, it is
impossible to generate a meaningful analysis of the

reference and low-carbon alternative scenarios over

the modeling period. This study uses 2010 as its
base year to be consistent with PDP-VII.

Substantial assumptions are needed to build out
the reference and low-carbon alternative scenarios
to 2050. National policy documents, development
plans, and related studies provided the basis for the
shorter term (5- to 10-year horizon) development
plans and most of the medium-term plans (to
2030), but offer little guidance as to longer-term
possibilities. National institutes were consulted
extensively to produce the longer-term trajectories.

This study fundamentally draws on PDP-VIl in a
draft revised form shared in late 2014 by IEVN,
which predicated the official revision of PDP-VII
(PDP-VII-Revised, approved by Prime Minister
Decision No. 428/Qb-TTg) in 2016, as the
official revised version was not yet approved at the
time of modeling. The draft revision has a similar
level of generation and capacity of fossil fuel and
nuclear plants to PDP-VII-Revised, but the latter
includes more renewable capacity from the mid
2020s. The version used here is termed PDP-VII-
interim-revision in this study, and can be viewed
as the power development plan as it stood prior
to Viet Nam’s NDC submission in 2016, which is
relevant as a without-climate policy reference for
evaluating mitigation measures.

IEVN experts provided detailed vision and guidance on

energy-efficiency targets, industry, and the electricity

supply technology mix to 2050. The study team

from the Transport Development Strategy Institute
(TDSI) gave detailed plausible pathways for transport.
Modeling by the Central Institute of Economic
Management (CIEM) underpinned the choice of
macro indicators and the targeted improvement in
income per capita for all strata of the economy.

In this study, the reference scenario is aligned with
the current sector plans and policies as laid out in
Annex A, except where specifically noted. With
critical input from the CIEM, IEVN, and TDSI study
teams, the reference scenario for 2030-2050

was modeled as a continuation of current plans

and policies, taking into account the agreed
macroeconomic projections (for gross domestic
product [GDP] growth, sectoral mix, population,
among others). The low-carbon scenario maintains
consistency in all macro variables with the reference
scenario, including annual GDP growth, sectoral
contribution to GDP, exchange rate, demographics,
fuel and electricity prices, and industrial production.

The analysis is performed using constant 2010
prices. In the current sector plans, electricity

prices are increasing over the short term to remove
subsidies and these price changes are reflected in
both the reference and low-carbon scenarios. All the
prices used in this study to 2030 were given by the
IEVN study team in accordance with the PDP-VII-
interim-revision, and it is assumed that after the
period of adjustment to bring them in line with true
costs, these will remain constant.

Although increasing energy prices—via carbon
taxes or other adjustments—are likely to be
important policy levers that drive low-carbon
development, these have not been reflected in

this study because bottom-up modeling is not an
appropriate methodology for modeling substitution
and consumption responses to price signals. Here,
the focus is on an engineering-style analysis of
technical options.



The low-carbon scenario is more aggressive in the
mitigation of GHG emissions than the country’s
current policies because it includes alternatives

that become viable only when greater effort

to remove barriers is applied, and when future
international technical and financial support are
available. However, because of this model’s detailed
engineering-style approach, care has been exercised
to not include “technical solutions” that do not have
a scientific or practical basis.*

2.2 Methodology to Evaluate
Energy Efficiency in Household
Electricity Consumption

The study assesses household electricity consumption
by projecting household size and income by location
(urban, rural). For each location, households are
further separated into 100 centiles containing an
equal number of people, in order of increasing
expenditure, as a surrogate for income. The study
forecasts the change in the number of electrified
households and the expenditure levels of each centile
during each year of the modeling period based on
historical data and projections from the computable
general equilibrium (CGE) modeling work of CIEM.

It evaluates appliance ownership for each centile as

a regression-based function of household income,
and usage patterns for lighting and for each of the

18 appliances. Income growth is forecasted based on
GDP growth, and ownership is projected on the basis
of changes in income over time.

The study uses a stock model to derive new
appliance sales each year from the overall annual
growth in ownership and the replacement of
appliances in service that have been scrapped. The
energy consumption of the new appliances that enter
service each year is determined from forward-looking
assumptions on appliance technology and their size,
and other features that affect energy consumption.
The appliance ownership by location and centile—a
combination of the number of households owning

1 For example, refrigerators in 2001 consumed 75% less electrical
energy than in 1974 but this does not imply that this tendency may be
projected as a straight line for the following 52 years.

each appliance with the number of appliances per
household—and assumptions about appliance
energy efficiency and usage produce the aggregated
household electricity demand.

The demand for household electricity is based on
changes in household income in real terms that come
from the national CGE analysis conducted under
CIEM, which is consistent with the PDP-VII-Revised
electricity-demand projections. These projections
take into account the increase in electricity prices
contained in the various versions of PDP-VII over the
period to 2030.%2 Although the low-carbon scenario
exhibits a lower direct cost of electricity generated
than the reference scenario, it is assumed that these
savings do not translate to lower electricity prices.

2.3 Methodology to Evaluate Energy
Efficiency in Industry

The industry sector is extremely diverse and
includes a wide range of activities, many of which
are particularly energy intensive, as they require
energy to extract natural resources, convert them
into raw materials, and manufacture finished
products. This module evaluates some of the most
energy-intensive industries:

B |ron and steel (both integrated steel plants and
small producers)

Cement

Fertilizer

Petroleum refining

Pulp and paper

To establish levels of production activity that result
in energy consumption and process emissions,
each subsector is considered according to national
demand (which should increase in some measure
with population and economic development),
modified by the import and export of the
intermediate and finished product, and obeying
competitive considerations in the regional market.

2 Details are documented in Annex D - Principal Input Data and
Assumptions, available on request.



The next step involves defining the fraction of this
national production for each subsector, which

can be done by using existing installations and
determining the capacity and start-up date for new
productive installations that are needed to meet the
demand. As new facilities are brought online, these
can be expected to comply with, or be close to, the
international energy-efficiency standards for new
plants at the time they are built. Existing facilities
typically have higher energy consumption but can
be retrofitted with different energy-efficiency
measures. An existing retrofitted plant is considered
unlikely to achieve the energy-efficiency levels that
are close to those of a new installation.

Light industries (such as food processing, textiles,
wood products, printing and publishing, and

metal processing) and small and medium-sized
enterprises (SMEs) are outside the scope of this
study, despite their importance to economic
growth. However, many energy-efficiency
measures for these can be handled in the same way
as efficiency standards for household appliances.
Transformers, pumps, motors, and fans are some
of the most energy-consuming appliances in SMEs
given the large number in use, which can benefit
directly from the implementation of standards and
other policy measures.

Fossil fuel prices for industry and power generation
used in the study are given by the IEVN to 2030
for the PDP-VII-interim-revision. These were
further increased by the study team to 2050 in

real terms using normalized average annual price
change for 2030-2050 (European Commission
2014). Natural gas prices used in the study from
2015 onward are based on landed liquefied natural
gas price.

2.4 Methodology to Evaluate Power
Sector Supply-Side Assessment

The study first models the electrical energy end-
user annual demand, imports, exports, and captive
generation over the modeling period within the
reference scenario. This may contain any mixture
of grid-supplied electricity, off-grid, and minigrid
solutions. The end-user demand calculation
makes use of the other demand-side modules in
EFFECT (household, nonresidential, industry, and
transport) and estimates residual demand (which
is not explicitly modeled within EFFECT) by
determining an implicit elasticity of GDP growth.
The second step is to evaluate transmission and
distribution losses and programs to reduce them,
together with the demand that be supplied via off-
grid or minigrid solutions. This allows the amount
of electricity that must be generated and supplied
to the grid to be determined annually.

Drawing on the PDP-VII-interim-revision, as
communicated by IEVN in late 2014, the model
includes every existing generating unit within

the reference framework, detailing its type, size,
fuel, efficiency, commissioning date, expected
life, efficiency reduction over time, operation and
maintenance costs, midlife extension dates and
costs, and planned and probabilistic down time.

A second database models the PDP-VII-interim-
revision’s future planned plant construction

and retirement using the incorporated 74 types

of technology and to the same level of detail,
including land, construction, installation, and
equipment-projected costs plus commissioning
and contingency costs. A third construct evaluates
the plant mix, which the model may build annually
over the modeling period for periods beyond the
planning horizon of the PDP-VII-interim-revision.



A load-duration curve and changes to its shape are
constructed across the modeling time frame for the
grid-supplied demand. This is used to dispatch all
the plants on a merit order low-variable cost basis.
For each year, first the hydro availability (taking

into account seasonal variation) is located at 50
percentile “knee” of the load duration curve, and the
amount of “must-run” nondispatchable renewables,
and nuclear energy is determined. Then the lowest
variable cost base load is dispatched up to the start
of hydro, which is dispatched plant by plant. Above
hydro, the lowest variable cost dispatch continues
until the curve is topped out by low latency
generation. Off-grid or minigrid generating plants are
not dispatched and are handled separately via unique
modifiable utilization factors. Outputs are calculated
for each year of the modeling period. As generation
is an output of the model, but plant construction is
an input, while the capacity mix aligns with the PDP-
Vll-interim-revision, generation may differ from
Government targets.

The analysis has two significant additions as
compared with other recent studies:

(i)  Theincrease in fuel prices in real terms
over the modeling period, referred to
above. Previous studies maintained fuel
prices as constant.

(i) Alearning-curve effect that reduces capital
costs for generating equipment over the
modeling period in real terms. Other
studies maintained capital costs constant.
CAPEX trends to 2050 from the study, EU
Energy, Transport and GHG Emissions Trends
to 2050 Reference Scenario 2013 (European
Commission 2014) were used while
respecting any current cost differences
between capital costs for projects in
Viet Nam and international experiences.?

3 Described in Annex D - Principal Input Data and Assumptions,
available on request.

By 2050, the investment cost for renewable power
generation falls in real terms to less than that for
nonrenewable, with utility scale photovoltaic

(PV) and solar thermal showing the greatest
improvement. Combined with rising fossil fuel costs,
this changes the dynamics for adopting renewables
in generation. Both scenarios use the same fuel and
capital cost projections, which for consistency come
from the same sources.

2.5 Methodology to Evaluate Sustainable
Transportation and Urban Planning

The starting point for this study’s reference scenario
is “Adjustments to the Transport Development
Strategy 2020 with a Vision toward 2050,” also
known as “Transport Strategy 2020.” This document
stresses the importance of developing transportation
in a sustainable manner, and promotes infrastructure
development for transport, including mass transit. To
translate this reference into a concrete scenario, the
following transport modes are assessed:

Private vehicle (car and motorcycle) ownership

is taken as a function of household income, using
nonlinear regressions based on the Viet Nam
Household Living Standards Survey (VHLSS) 2010
data (General Statistics Office of Viet Nam n.d.).
Household income by centile is projected over time
as a function of overall GDP growth, and growth

in vehicle ownership is forecasted on the basis of
relationships between income and ownership.

To this, the additional (nonhousehold) ownership
of cars and motorcycles—by private commercial,
industrial enterprises, and other institutions—

is identified and added. The baseline vehicle
population is then disaggregated—by vehicle type,
subtype, engine displacement, technology, gross
vehicle weight, age, and fuel use—for EFFECT to
determine by using historic vehicle sales through a
vehicle stock (or mortality) model the applicable



fuel consumption and emissions factors. Using
industry information, the percentage sales mix

of new vehicles is projected at the same level of
disaggregation. A vehicle mortality calculation using
a modified Winfrey S3 survival curve is applied to
determine the number of vehicles in the active
population that must be replaced annually, project
annual sales volumes of new vehicles and the annual
changes to the vehicle population mix.* The annual
per-vehicle age-sensitive usage (kilometers [km]
per year) by vehicle type and subtype is determined
from surveys or estimated from cross-country
comparisons. By projecting average ridership by
vehicle type and subtype, the number of passenger-
kilometers traveled per year (PKT) in private
vehicles may be estimated.

For other on-road passenger vehicles (light

duty vans, multiuse vehicles, buses, and coaches),
the base-year vehicle population is disaggregated

as above and the annual per-vehicle age-sensitive
usage (kilometers per year) is surveyed or estimated,
which together with average vehicle ridership or
goods transported, will give the PKT and freight-ton-
km-transported (FTKT) in the base year. The sales
mix of new vehicles at the level of disaggregation is

also estimated from industry sources for future years.

Rail and waterborne modes of transportation
are treated in the same way as trucks and buses.
Their total activity is determined in the base year,
which together with estimates (or survey data) on
goods and passengers carried will determine the PKT
and FTKT on a per-transportation-unit basis. Future

expansion plans are used to evaluate projected
carrying capacity.

Modeling transport demands: Total PKT and
total FTKT are then forecast over the modeling
period based on population and economic growth
indicators using cross-country comparisons where
necessary to estimate probable changes in PKT and
FTKT travel distance at different levels of economic
development. The forecast car and motorcycle
PKT in each future year is subtracted and the mass
transport remnant is apportioned to each travel
mode under differing investment and transport
expansion scenario. New vehicle prices and in-use
(nonfuel) operating costs are estimated.

Average local operating conditions—for on-road
vehicles considering percentage of vehicle-
kilometers-traveled under different urban, rural,
and highway road speed conditions; biofuel usage;
vehicle load and average road grade; ambient
temperature; and the impact of inspection and
maintenance programs on vehicle maintenance
quality—are then determined for each modeled
year. This additional information helps to determine
the fuel consumption and emissions factors for
each mode and specific vehicle type and usage

per year using the international COPERT4 model,
which is then calibrated to local conditions
(Ntziachristos et al. 2009).°> Scenarios are elaborated
with improvements in infrastructure and vehicle
efficiency to evaluate the impact of these on energy
consumption and emissions for each mode and
vehicle type.

4 The Winfrey function is used to estimate vehicle mortality based on
the calibrated average maximum vehicle scrappage age.

5 COPERT 4 model is a model to calculate road transport emissions in
accordance with the requirements of international conventions and
protocols and the EU legislation.



3. ANALYSIS AND RESULTS OF ENERGY

EFFICIENCY IN HOUSEHOLD
ELECTRICITY CONSUMPTION

3.1 The Reference Scenario

22 /CT-TTg, the reference scenario considers

a gross domestic product (GDP) growth rate of
6.9% from 2016 to 2020, which increases to 7%
over the period to 2030 and descends to 6.4% for
2041 onward. This generates an economy that is,
by 2050, in real terms 13.6 times larger than in the
2010 base year. Over this time frame, the population
increases from 85 million in 2010 to 106 million.
In 2010 constant dollars, GDP per capita increases
over 10 times from $1,250 to $12,900.

I n alignment with the Prime Minister’s Instruction

This growth is fueled by industry and services,

as over 2010-2050, the contribution to GDP of
the former increases from 38% to 46% while the
latter expands from 43% to 49% at the expense of
agriculture, which shrinks in its contribution to GDP
from 19% to 5%.

By 2039, Viet Nam becomes a primarily urban
economy. The urban population percentage, which
was 30% in 2010, expands to 60% by 2050 with a
corresponding decrease in the rural percentage.
This gives a rural population that contracts from

60 million to 43 million people but because of
diminishing household size, the number of rural
households remains stable, contracting slightly from
16 million to 15 million in 2050.

Over this period, however, the number of urban
households grows dramatically from 7 million to

23 million. At the same time, their income grows at a
higher rate than that of rural households. In fact, the
top four urban quintiles can expect an income that
grows faster than GDP, according to the national

computable general equilibrium (CGE) modeling
performed by the Central Institute of Economic
Management (CIEM), which was used in this study.

Consequently, the accelerated increase in disposable
income and uptake of electrical appliances gives

rise to a vibrant urban economy, in which the urban
50th centile enjoys, over the 4 decades, a 10 times
increase in household income, while the rural 50th
centile obtains a 7 times increase.

This study evaluates the ownership and use of the

18 appliances and lighting that are shown in Table 4,
using primarily the data obtained in the 2010 Viet
Nam Household Living Standards Survey (VHLSS).
Some appliances covered by this study, however,
were not included in this survey, and data from the
previous survey (General Statistics Office of Viet
Nam 2008) and surrogate data from a neighboring
country (National Statistical Office Thailand 2011)
were used for selected parameters to fill the gaps.

A fitted Gompertz or Logistic curve allows ownership
to be evaluated in relation to income. Project income
levels for each of the urban and rural centiles over

Table 4: Household Appliances Included

Appliance Type

Fluorescent, incandescent, CFL,
and LED lights

Radio, stereo, CD, TV, DVD,
computers, printer

Group
Lighting

Entertainment

Refrigerator, washing machine,
water pump, thermo pot, cooking
pot, iron, vacuum cleaner,
microwave

Kitchen Appliances

Heating and Cooling Water heater, fan, air conditioning

CD = compact disk, CFL = compact fluorescent lighting, DVD = digital
video disk, LED = light emitting diode.
Source: Authors.




each of the 40 years then allows for ownership over
time to be projected.

As can be expected, the results of such projections are
quite dramatic. In 2010, there were almost as many
television sets in Vietnamese homes as the number

of households (20 million TV sets distributed among
22 million households with electricity) but, by 2050,

a population of 53 million in-use TV sets can expect
to be installed in 37 million households (of which

23 million are urban households).

The total household ownership of computers
increases from 4 million in 2010 to 37 million in
2050; the in-use population of clothes washers
increases from 4 million to 23 million; the number
of fans grows from 31 million to 99 million; and
the number of in-use air conditioners grows from
2 million to 43 million. This increase in appliance
ownership and use, and particularly the 20 times
increase in ownership of air conditioners has a
major impact on household electricity demand
(see Table 5).

Of course, electricity demand is not determined only
by the ownership of appliances—usage (hours) and
specific energy consumption (kilowatt-hours [kWh])
are also needed. Two principal sources were consulted
to determine appliance usage. The Viet Nam Energy
Service Company 2009 study supplied data for
historic 2010 usage while the Australian market

survey for the Viet Nam Energy Efficiency Standards
and Labelling Program (Mark Ellis & Associates
2012) provided important insights into current usage
patterns. For most appliances, the available data

do not clearly indicate that the daily usage in hours
increases with disposable income.

Appliance-specific energy usage (kWh) is
determined using data from the two previously
mentioned surveys to define historic levels, a survey
of appliances currently being sold for new appliance
energy consumption today, and a projection based
on expected changes in consumer demand and
future technology levels.

Increasing incomes lead consumers to increasingly
adopt larger appliances over time, such as larger and
frost-free refrigerators from smaller, direct-cooled
units; to larger LCD-panel TVs; and to enjoy more
liters of hot water in the home over more days per
year. These all tend to increase per-unit power
consumption. Air conditioning (AC) is a special
case because with low disposable income, a family
might only turn on the AC to cool a bedroom for

a couple of hours before going to sleep. However,
as disposable income rises (and urban household
income increases in real terms by an order of
magnitude over the modeling period), AC usage
extends in time and coverage until it improves the
comfort of the whole house or apartment continually
over extended periods.

Table 5: In-Use Numbers of Selected Appliances in 2010, 2030, and 2050

Number of Units

Growth in Percentage

2010 2030 2050 2010-2030 2030-2050
millions of units % %
Entertainment TV 20.4 34.9 52.8 71.3 51.3
Computer 4.1 20.0 37.2 385.5 86.5
Kitchen Appliances Refrigerator 9.2 23.0 32.9 151.3 43.2
Cooking pot 16.3 27.2 37.8 67.0 38.5
Heating/Cooling Fans 30.9 63.3 99.5 104.9 57.2
Air conditioning 2.0 17.5 43.2 776.9 146.4

Source: Authors.



Other appliance adoption patterns (such as from
desktop computers to laptops) have opposite
tendencies. At the same time, appliance efficiency
will increase over the coming years even if the
Government of Viet Nam does not make any
concerted effort, or enact a policy to promote this.
Earlier studies have demonstrated a clear relationship
between appliance energy efficiency and the age
of the manufacturing plant. Thus, the assumption
in the reference scenario is that appliance energy
efficiency will improve but more slowly than could
be achieved through a focused national policy to
promote energy efficiency in new appliance sales.

The reference scenario assumes that appliances
sold in 2011 met, on average, the equivalent Energy
Star 2002 standard applicable to each appliance
type. This implies a weighted sales mix of more
efficient units together with others whose market
attractiveness is based primarily on price. Similarly,
the reference scenario assumes that appliances sold
in 2015 will meet on average, the equivalent Energy
Star 2008 standard applicable to each appliance
type.® To assume sales-weighted appliance
efficiency in future years, a study was made of all
appliances worldwide (by type) that currently meet
the Energy Star standard. For many appliance types,
this consisted of hundreds or thousands of discrete
models from different manufacturers from which
three specific power consumption levels were
determined:

B Energy Star 75%: The average power
consumption of the most efficient 75% of the
appliances exceeding 2010 efficiency standards

B Energy Star 50%: The average power
consumption of the most efficient 50% of the
appliances exceeding 2010 efficiency standards

B Energy Star 25%: The average power
consumption of the most efficient 25% of the
appliances exceeding 2010 efficiency standards

Although even the most stringent level (Energy

Star 25%) requires no technological breakthrough
for implementation (as such products are already in
the market), substantial effort may be required to
attain such efficiency. Local manufacturing plants
may need time, technical assistance, and access to
financing to update their production technology to
meet this upcoming average power requirement.

In the reference scenario, it is assumed that market
forces by themselves will allow future appliance sales
to meet three average power levels: Energy Star 75%
in 2025, 50% in 2033, and 25% in 2041.7

Table 6 shows for selected appliances the combined
effect of changes in size, technology, and the stock
model that incorporates new sales into the in-use
population on average per-unit power consumption
over the modeling period. Although air conditioning
units become much more efficient, they exhibit an
increase in power consumption driven by a move

to larger whole-house units in the upper household
centiles particularly over the later years of the
modeling period.

Figure 6 presents the overall impact of increasing
ownership and use of appliances coupled with the
improved energy efficiency that can be expected in
the market, assuming no specific efforts from the
Government to improve appliance energy efficiency
in Viet Nam. Over the 40-year period to 2050,
household energy consumption increases by
7.9 times, driven by average urban household
income growing in real terms by 10.5 times and
a 3.3 times increase in the number of urban
households from 2010 to 2050.

6 Energy Star is an international standard for energy efficient consumer
product.

7 Annex D, Household Module gives full details for each of the
18 appliance types and lighting, available on request.



PATHWAYS TO LOW-CARBON DEVELOPMENT FOR VIET NAM

Table 6: Average Per-Unit Power Consumption of Selected In-Use Appliances

Entertainment 76.9 49.1 32.5 (36.1) (34.0)
Computer Wh 140.5 40.9 25.5 (70.9) (37.7)
Kitchen appliances Refrigerator kWh/unit 492.1 511.4 289.0 3.9 (43.5)
Cooking pot Wh 650.0 604.9 383.8 6.9) (36.5)
Heating/Cooling ~ Fans Wh 39.4 28.7 23.7 (27.2) (17.5)
Air conditioning Wh 1,972.8 2,092.7 2,383.2 6.1 13.9

() = negative, kWh = kilowatt-hour, Wh = watt-hour.
Note: Combines the effects of usage, size, technology, and the stock model that incorporates new sales into the in-use population.
Source: Authors.

Figure 6: Household Electricity Demand in the Reference Scenario
(TWh per year)
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TWh = terawatt-hour.
Source: Authors.

Figure 7 shows household electricity demand by and targets within lighting, entertainment,
appliance type in the reference scenario (as a kitchen appliances, and heating and cooling. Air
percentage of total household electricity demand), conditioning is the dominant use of electricity in
identifying the most important 18 appliances the future.

for enacting long-term efficiency standards



ANALYSIS AND RESULTS OF ENERGY EFFICIENCY

IN HOUSEHOLD ELECTRICITY CONSUMPTION

Figure 7: Household Electricity Demand by Appliance Type in the Reference Scenario
(as a percentage of total household electricity demand)
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3.2 The Low-Carbon Development
Scenario and Mitigation Opportunities

In the low-carbon scenario, appliance ownership
and use patterns remain unchanged from the
reference scenario because no changes have been
made to any of the macroeconomic indicators (or
to electricity prices). However, it is assumed that
the Government enacts policies and regulations to
incorporate quickly more efficient appliances into
the new appliance sales.

The underlying assumption is that in the global
market for household appliances, manufacturers

will always attempt to make best use of their
manufacturing facilities, and often have at their
disposition newer manufacturing lines that produce
the most recent—and efficient—models, and older
lines that are worth keeping in operation while there
is a market for less efficient and older underlying
technology models. The models that are offered in
any specific marketplace will depend on consumers’
level of sophistication and any regulatory restrictions
or standards to which new appliances offered for sale
must comply.

A total of 23 appliance types in four groups

(see Table 7) were appraised in improvement of
potential efficiency. Specifically, in the low-carbon
scenario, it is assumed that an average weighted-
sales efficiency equivalent to Energy Star 75%
could be accelerated by 5 years from 2025 (in

the reference scenario) to 2020; reaching Energy
Star 50% could be accelerated by 8 years to 2025;
and Energy Star 25% could be accelerated to 2030
instead of by 2041 in the reference scenario. To
achieve this, a mixture of policies, regulations,
and possibly assistance to consumers would be
required.

Table 7: Household Appliances Considered

in the Study
Group Appliances
Lighting Fluorescent, CFL, LED, and incandescent

Radio, stereo, CD player, TV, DVD/VCR,
computer, and printer

Entertainment

Kitchen (white)
Appliances

Refrigerator, washing machines, water
pump, toaster, thermo pot, cooking pot,
iron, vacuum cleaner, and microwave

Heating/Cooling Water heater, fans, and air conditioning

CD = compact disk; CFL = compact fluorescent lighting; DVD = digital
video disk; LED = light emitting diode.
Source: Authors.

By 2050, the promotion of energy-efficient
technologies could cut much of residential electricity
consumption by nearly 50% (see Appendix for more
details). More efficient cooling will achieve the

bulk of reductions, as air conditioning is a leading
driver of increased electricity consumption in the
baseline scenario. The modeled approach includes
initially accelerating air conditioning efficiency,

then supplementing this with building efficiency
measures, such as low-e glass and deployment of
ceiling fans. More efficient lighting, including more
rapid adoption of more efficient light-emitting diode
(LED) lamps, follows, after which higher efficiency
cooking appliances, water heaters, entertainment
devices, and refrigerators make additional
contributions (Figure 8).

There is a vast expansion of mitigation potential
from improved cooling after the mid 2030s, as air
conditioning becomes widely adopted under higher
incomes. Achieving more efficient cooling depends
on both efficiency in air conditioning units and on
efficiency of building construction. This suggests an
important role for green building codes in realizing
this potential.
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IN HOUSEHOLD ELECTRICITY CONSUMPTION

Figure 8: Reduction of Household Electricity Demand in the Low-Carbon Scenario
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4. ANALYSIS AND RESULTS

OF ENERGY EFFICIENCY
IN INDUSTRY

4.1 The Reference Scenario

he reference scenario is based on existing
master plans related to industry (see
Annex A for more details) and consultation
with industry. This analysis concentrates on
five energy-intensive industries: iron and steel
including integrated steel plants (ISP) and
small-scale producers (SSP), cement, fertilizer,
petroleum refining, and pulp and paper.

There is a significant gap in the availability of energy
audit data for small and medium-sized enterprises
(SMEs) that defines recent energy usage, so they
were not included in this analysis. However, fans,
motors, lighting, computers, and other tools and
appliances can benefit from similar regulations and
financial incentives as household appliances

(see Chapter 3).

4.1.1 Iron and Steel

Viet Nam’s steel market has already evolved into
Asia’s seventh largest with a per-capita steel
consumption of approximately 150 kilograms
annually, ranking it ninth in Asia.® Construction steel
products produced mainly from imported scrap
make up domestic production. High-grade steel

and flat-plate products have been mainly imported.
Total domestic production of finished iron and steel
products is projected to increase from 9.2 million
tons (Mt) in 2010 to 23 Mt in 2030 and 36 Mt by

8 After (in descending order) the People’s Republic of China; Japan;
India; the Republic of Korea; Taipei,China; and Thailand.

2050, registering an average annual growth rate of
3.5%. The targets set in Viet Nam’s master plan on
the development of its steel industry include an
increase in export volumes of finished steel products
over the next 2 decades. As Viet Nam’s production
becomes more sophisticated as projected in the steel
sector plan, the share of flat steel products in the
product mix is likely to increase by ~50% by 2020.°

The reference scenario considers that the future
growth of this industry will be via ISPs through the
blast furnace-basic oxygen route (Credit Suisse
2012) and that the production from imported scrap
via small-scale producers will not exhibit growth.
Future capacity additions are not envisaged in

this route because of global scrap unavailability
(Credit Suisse 2012). Table 8 details the Viet Nam
Industry Steel Development Plan, which underpins
this scenario.

Table 8: Viet Nam Steel Development Plan
(million tons)

2010 2015 2020 2025
Domestic demand 153 16.0 21.0 25.0
Export 1.2 1.9 2.4 2.9
Import 7.2 5.6 7.4 8.8
Total production 9.2 12.2 16.1 19.1
Integrated steel plant 0.8 4.0 7.8 10.9
Small-scale producers 8.4 8.2 8.2 8.2

Source: Ministry of Industry and Trade. 2007. Viet Nam Industry Steel
Development Plan for the period 2007-2015 with Outlook to 2025.
Hanoi.

9 Decision No. 145/2007 /QD-TTg dated 4 September 2007 of the
Prime Minister, approving the Master Plan on the Development of
Viet Nam’s Steel Industry in the 2007-2015 Period, with the 2025
Vision Taken into Consideration; and SBS Research. Steel Industry
Outlook 2011.



Production by small-scale producers is scrap based
and is assumed to remain practically constant

over the modeling period. The energy intensity

of the existing ISP plants is considered to be

29.5 gigajoules per ton (GJ/t).1° Most of the future
capacity is expected to come under the blast
furnace-basic oxygen furnace route.

4.1.2 Cement

Rapid industrial and urbanization in Viet Nam have
contributed to a cement sector where domestic
production is expected to continue to grow, making
Viet Nam self-sufficient in cement supply from
about 2025 onward (Table 9).

As in the case of iron and steel, the cement industry
in Viet Nam uses relatively older technologies

(Thu An 2011). Investing in energy efficiency in

this sector would not only improve the sector’s
competitiveness, but reduce carbon dioxide
equivalent (CO,e) emissions as well (see Figure 9).
Of the five industry sectors, cement contributed
around 75% of total industrial greenhouse gas (GHG)
emissions, the highest of the sectors in 2010.

Table 9: Demand-Supply Scenario
in the Cement Industry
(million tons)

2010 2015 2020 2025
Domestic demand 53 75 96 106
Export 6 12 16 18
Import 3 0 0 0
Total production 56 87 112 124
Ordinary portland cement 2.4 1.6 1.3 1.5
Pozzolanic portland 53 86 111 123

cement

Source: Discussions between the Institute of Energy and Ernst & Young;
Sectoral Master Plan.

In 2010, the share of ordinary portland cement
(OPC) declined from 4% while production of
pozzolanic portland cement (PPC) increased.
PPC cement contains pozzolanic material, which
offers much better strength over the long term,
and is thus favored by the construction industry.
In 2010, the ratio of clinker (sintered limestone
and alumino-silicate materials) to nonclinker
components for OPC cement plants was 95%
while that for PPC plants was 80%. By 2030, this
is expected to decline to 75% for old and new

Figure 9: Comparison of Energy Intensity of Selected Viet Nam Industry Sectors
to Global Benchmarks
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plants. With no annual efficiency improvements,
energy intensity is assumed to be 3.04 GJ/t (World
Bank 2010) of cement for old plants. With new
technologies, however, new plants can be expected
to have efficiency improvements at par with global
best practice. Their energy intensity will gradually
improve toward the global benchmark of around
2.26 GJ/t (European Environment Agency n.d).

4.1.3 Fertilizer

With a total import value of around $1.35 billion in
2009 (Table 10), the fertilizer industry has played
a dominant role in Viet Nam’s imports. Agriculture
is still an important sector in Viet Nam although
urbanization is accelerating. As fertilizer demand
rises, major expansion of the fertilizer industry

is expected. The fertilizer sector is principally
dependent on natural gas to meet its energy
requirements and therefore the abatement options
have been selected to reduce the natural gas
consumption of this industry sector. The energy
intensity of natural gas per ton of product is around
28.7 GJ/t of product in 2010.1*

Table 10: Demand-Supply Scenario
in the Fertilizer Industry
(million tons)

2010 2015 2020 2025

Domestic demand 2 25 3.3 4.0
Export 0.003 0.003 0.003 0.003
Import 1 0.9 1.2 1.4
Total production 1 1.6 21 2.6

Production of biofertilizer 0.00 0.002 0.003 0.007

Total production facilities 1 1.6 21 2.6
excluding biofertilizers

Source: Discussions between the Institute of Energy and Ernst & Young,
the Ministry of Agriculture and Rural Development, and the Ministry of
Industry and Trade.

4.1.4 Petroleum Refining

The expansion of Viet Nam’s refinery sector is
expected to make production more complex and,
consequently, increase energy consumption in the
near future (Table 11). Petro Viet Nam, for example,

11 Discussions between Ernst & Young and the Institute of Energy.

needs to scale up and upgrade its petroleum refining
capacity to supply EURO 4 quality auto fuels in

the market by 2017. This involves high investment
accompanied by an expansion in capacity from the
level of 6 million tons per year planned from 2016-
2017 onward.

To meet its power requirements, this sector primarily
depends on crude oil, and the abatement options
have been selected to reduce the consumption of
this energy source.

Table 11: Demand-Supply Scenario
in Refineries
(million tons)

2010 2015 2020 2025
Domestic demand 13.4 193 289 40.6
Export 2.0 2.2 2.8 3.6
Import 9.9 114 164 235
Production 55  10.0 154 20.7

Source: Japan International Cooperation Agency (JICA). 2009. The
Study on National Energy Master Plan in Viet Nam. Tokyo.

4.1.5 Pulp and Paper

Paper plants are categorized as integrated mills
(based on wood-based representing 23% of total
production) and small plants (based on waste paper
pulping representing 77% of the total production).
Energy intensity for integrated mills is approximately
22.2 GJ/t and that of waste paper pulping

12.5 GJ/t. Both plants consume coal and electricity.
Annual growth in domestic demand is projected

to be around 11%, and domestic pulp production

is around 37% of total paper and pulp production
(Table 12).

Table 12: Demand-Supply Scenario in the Pulp
and Paper Industry
(million tons)

2010 2015 2020 2025

Domestic demand 2.0 4.0 69 10.4
Export 0.1 0.1 0.1 0.1
Import 1.0 1.1 1.1 1.1
Production 11 3.0 5.9 9.4

Source: Discussions between the Institute of Energy and Ernst & Young.
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Viet Nam imports almost 63% of pulp for paper
production. The pulp and paper industry of

Viet Nam sources almost 88% of its total energy
requirement from thermal energy (heavily
dependent on coal) and the energy intensity of the
sector is higher than the global benchmark.

4.2 The Low-Carbon Development
Scenario and Mitigation Opportunities

The 41 measures in the low-carbon scenario reduce
greenhouse gas (GHG) emissions from industry
by 23% from 310 million tons to 239 million tons
of carbon dioxide equivalent (MtCO,e). As shown
in Figure 10 (more details in the Appendix), the
leading source of mitigation is from improvements
to integrated iron and steel plants (ISPs). With

the ISPs’ recent energy intensity at well above the
global benchmark of 12.5 GJ/t (UNIDO 2010),
there is considerable potential for improvement. In
the low-carbon scenario, significant gains can be

made through continuous casting, pulverized coal
injection, and heat recovery.

Cement is the next most important source of
mitigation, and is a sector where capital costs
for more efficient technologies are relatively
low. Waste heat recovery is a primary source of
cement mitigation. More efficient technologies
for the production of pulp and paper, fertilizer,
petroleum refining, and small-scale steel make
much smaller contributions.

Much of the mitigation potential is only fully
realized over medium or longer-term time frames.
Substantial mitigation only becomes possible after
2030, due to the fact that these technologies

have adoption that takes decades to saturate the
industry. The concentration of mitigation potential
in a few selected sectors also suggests that
attention in industry may benefit from intensive
focus on a few selected high potential technologies.

Figure 10: Mitigation from Five Industry Subsectors (MtCO,e)
350
300
250
200
150
100
50
0 T T T T T T T T
2010 2015 2020 2025 2030 2035 2040 2045 2050
M Iron and Steel, Small Plants I Fertilizer W Pulpand Paper === Reference Scenario
1 Iron and Steel, Integrated Steel Plants B Cement B Refining === Low-Carbon Scenario
MtCO,e = million tons of carbon dioxide equivalent.
Source: Authors.




5. ANALYSIS AND RESULTS

OF POWER SECTOR
SUPPLY-SIDE ASSESSMENT

5.1 The Reference Scenario
5.1.1 Electricity Demand

lectricity demand was modeled using the

household, industry, and transport modules of

Energy Forecasting Framework and Emissions
Consensus Tool (EFFECT). In 2010, this accounted
for 51% of the total grid demand as shown in the
base year in the National Master Plan on Power
Development (PDP-VII).** A demand curve was
calculated for the residual—non-explicitly modeled
power demand, such that the sum of the explicitly
modeled and the residual elasticity of electricity to
gross domestic product (GDP) growth matched the
power demand elasticity in PDP-VII. In the initial
years, this resulted in an annual increase in demand
elasticity for the residual that was higher than for
the directly modeled sectors, although the elasticity
converged with the modeled sectors midway
through the modeling period (see Figure 11).

Electricity demand defined in accordance with
PDP-VII takes into account the effect of eliminating
subsidies and moving end-user electricity costs
toward sustainable values for the power sector,
based on the international trend in fossil fuel prices.*?

The electricity end-user demand in the reference
scenario (Figure 12) grows to 1,280 terawatt-hours
(TWh) by 2050. Transmission and distribution
technical losses are reduced from 9.8% in 2010 to 8.4%
in 2030 and beyond. By 2050, these represent 115

Figure 11: Elasticity of Electricity
Demand to GDP Growth
for the Reference Scenario
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12 Compared with the energy balance for 2010 developed by the
International Energy Agency and the 2010 value supplied by the
Institute of Energy study team.

13 Note that aggregate demand in this analysis omits imports and some
forms of captive and off-grid generation. Hence, total electricity
supply is slightly lower than PDP-VII-Revised.

Figure 12: Electricity Demand and Grid
Supply in the Reference Scenario
(TWh)
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TWh. In both scenarios, imports are reduced from 5.6
TWhin 2010 to 3.2 TWh for 2027 and beyond, and
increases captive from 3.4 TWhin 2010 to 27 TWhin
2036 and beyond. The resultant demand for electricity
to be generated and supplied into the grid grows from
87.3 TWhin 2010 to 1,363 TWhin 2050.

5.1.2 Installed Capacity

Consistent with PDP-VII-Revised, installed
capacity increases from 23 gigawatts (GW) in
2010 to 128 GW in 2030. This further increases
to about 350 GW by 2050 (Figure 13). The
installed capacity of hydro increases from 29 GW
in 2030 to 52 GW in 2050, but this expansion is

slower than that of overall capacity, so its share
declines from 23% to 15% of the capacity mix.
There is growth in low-carbon alternatives, such as
nuclear, biomass, solar, and wind, which together
in 2050 have installed capacity of 91 GW (27% of
capacity; Figure 14). Over half of this (nonhydro)
low-carbon capacity is nuclear.

However, the greatest growth is in imported coal,
which has approximately the same installed capacity
as hydro in 2030, increases to 121 GW in 2050, or
36% of installed capacity. National coal in absolute
terms also grows slightly from 31 GW to 36 GW
installed capacity in 2050, but its share in the mix
drops to 11%.

350

Figure 13: Installed Capacity, Reference Scenario (GW)
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5.1.3 Electricity Generation

To meet electricity demand, the grid has to generate
87.3 TWhin 2010, which increases to 1,363

TWh by 2050. Using the capacity mix given by the
planned plants in the PDP-VII-interim-revision and
continuing that trend in EFFECT finds electricity
generation that is increasingly dependent on
imported coal (Figure 15).%4

In the reference scenario, between 2030 and 2050
a substantial amount of low-carbon generation is
added: nuclear increases from 31 TWh to 309 TWh

to occupy 23% of the generation mix (see Figure 16).

Biomass increases to 137 TWh to represent 10% of
generation, and hydro, despite increasing from 91
TWh to 117 TWh, has a decline from 18% to 9% of
the mix.*

With only slight contributions from wind, solar, gas,
and oil, the remainder is supplied by coal. In 2030,
the amount from national and imported coal is
practically the same (32% and 34%, respectively). By
2050, the amount from imported coal has increased
substantially, while national coal increases only
slightly (7% growth over the 20 years) such that

the mix becomes 16% from national and 39% as
imported. As almost 55% of generation (733 TWh)
comes from coal in 2050—of which two-thirds is
from imported coal—and with rising coal prices, this
not only increases carbon dioxide equivalent (CO,e)
emissions but also could place a burden on the
exchequer and raise energy security concerns.®

14 The generation mix found by EFFECT to minimize generation costs,
drawing on the PDP-VII-interim-revision powerplant commissioning
and decommissioning schedules differs from the PDP-VII-Revised
generation targets. In particular, EFFECT finds more 2030 coal
generation than is targeted by PDP-VII-Revised (64% versus 53% of
domestic generation), even though the capacity mix is similar. This
may be due to differences in how the load duration curve is modeled.

15 |tisimportant to note that “hydro” includes run-of-river, storage,
pumped, and mini/micro hydro.

16 Coal prices used in this analysis, in 2050, range between $171.5 per
ton for imported coal and $84.5 per ton for national sub-bit coal
(Dust 6a).
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Figure 15: Generation by Category, Reference Scenario (TWh)
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Figure 16: Generation Mix in 2030 and 2050, Reference Scenario
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5.2 The Low-Carbon Development
Scenario and Mitigation Opportunities

5.2.1 Electricity Demand

In the reference scenario, the elasticity of growth
of electricity demand to GDP in those sectors
that are explicitly modeled already falls from
1.9t0 0.65 by 2050. In the low-carbon scenario,
additional measures that reduce the demand for
electricity are included. Accordingly, the elasticity
is further brought down to 0.45 by 2050 for those
sectors that are explicitly modeled, and 0.52 for
the residual un-modeled sectors, which are likely
to take longer to achieve the same specific energy
savings (see Figure 17).

The underlying assumption is that policies will be
enacted and investments will be made to achieve
energy-efficiency improvements covering electricity
demand in small and medium-sized enterprises

(SMEs), but that these will take longer to impact
electricity consumption. Many of the needed
measures will be similar to those discussed in this
report: appliance standards for the commercial-
use equivalents of household appliances plus
transformers, electric motors, fans, and a careful
appraisal of building standards from this energy-
efficiency perspective. Since the residual not-
directly-modeled electricity demand includes
parallel economy and other demand, much of
which is highly fragmented, often cash-strapped,
and often not easily subject to credit, this slower
improvement is to be expected.

Greater energy efficiency results in a lower end-user
demand for electricity and a lower requirement for
generation to feed the grid. The assumptions for
imports, captive, and transmission and distribution
technical losses are the same as in the reference
scenario. Figure 18 shows that by 2050 the annual
generation need drops from 1,400 TWh to under
1,100 TWh.

Figure 17: Elasticity of Electricity
Demand to GDP Growth
for the Low-Carbon Scenario
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Figure 18: Generation in the Reference
and Low-Carbon Scenarios
(TWh)
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5.2.2 Installed Capacity

A lower level of electricity demand means that less
electricity generation capacity is needed. In addition,
Viet Nam has potential for developing power
generation capacity that is more diversified than
under the reference scenario.

Viet Nam has substantial potential for renewable
energy deployment, which defines the limits of
renewable capacity additions. Solar, wind, and
biomass have particularly high potential capacity, as
is outlined below.

Solar potential: Solar energy is available all year
round, is rather stable, and distributed widely over
different eco-geographic areas. In the southern and
central regions of Viet Nam, solar energy can be
used on average during 300 days per year, making

it a nation with high solar potential (Polo et al.
2015). Solar energy intensity on the average is 5
kilowatt-hours per square meter per day (kWh/
m?/day). It is lower in the north at about 4 kWh/
m?/day because of the annual winter-spring cloudy
sky and drizzle. Average sunshine at 150 kilocalorie
per square meter (kcal/m?) in Viet Nam is between
2,000-3,000 hours, which leads to a theoretical
potential of 43.9 billion ton of oil equivalent (To
Quoc Tru 2010 and Trinh Quang Dung 2010).
When land usage is taken into account, the
practically achievable potential is reduced to 8 TWh
per year of electricity.?

Wind potential: In 2010, the Ministry of Industry
and Trade (MOIT), with support from the World
Bank, created a new wind resource atlas of Viet Nam
(Nguyen 2014). The atlas shows promising areas

for wind development along the southern and
south-central coast and in mountain gaps in central
Viet Nam with mean wind speed at 80 meters (m)
height of 6.5 meters per second (m/s) to 7.0 m/s

17 Author’s calculations.

along the exposed coastal areas of south—central
Viet Nam, and 6.0 m /s to 6.5 m/s in the broad
mountain gap west of Binh Dinh along the Dac Lac
and Gia Lai provincial border. The study identified an
estimate of the wind resource technical potential of
26,800 MW.

Biomass potential: Viet Nam’s large agricultural
production gives it good potential for biomass
energy (Zafar 2015). Agricultural wastes are most
abundant in the Mekong Delta region, which covers
approximately 50% of the amount of the whole
country, and the Red River Delta with 15%. Major
biomass resources include rice husks from paddy
milling stations, bagasse from sugar factories, coffee
husks from coffee processing plants in the Central
Highlands, and wood chips from wood processing
industries. The annual biomass resources of

Viet Nam in the base year (2010) are understood

to be as follows: (i) rice husks: 8 million tons (at
moisture content of 14%); (i) rice straw: 32 million
tons (at moisture content of 22%); (iii) bagasse:

6 million tons (at moisture content of 49%); (iv) and
others (coffee husk, corn residues, coconut, peanut,
cassava, wood wastes, fuelwood, etc.): 40 million
tons.*® These resources adequately cover the
generating needs of the low-carbon scenario through
2040. The scope of this study does not allow a
detailed evaluation of biomass availability for power
generation in future years. Although agricultural
production is expected to grow and biomass can be
harvested specifically for power generation, power
from biomass in future years particularly beyond
2040 could be considered a surrogate for other base-
load-ready, low-carbon-emitting, energy-generating
sources, such as geothermal, tidal and wave power,
clean coal or gas with carbon capture and storage.

Geothermal potential: Conventional geothermal
energy is estimated (Kirby n. d.) to have a potential
generation capacity of 1,400 MW—more than 300
hot streams are already recorded with temperatures
from 30°C to 150°C (Agentschap 2011).

18 From a consultant’s report submitted under the TA by
Nguyen Duc Cuong, Institute of Energy, Ministry of Industry and Trade.
19 The reference and low-carbon scenarios currently contain the same
nuclear-generating capacity.
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Enhanced (hot dry rock) systems also have high
potential, with a temperature of approximately 100°C
available at a depth of around 2 kilometers (km)
throughout most of Viet Nam (VietnamNet n.d.).

Wave and tidal power potential: The East Sea
offers excellent potential to harness energy through
tidal and wave power (VietnamNet 2010) of at least
100 MW per year. This technology is not yet mature
but may be an important element in the energy mix
in a couple of decades.

Carbon capture and storage potential: The
application of clean coal or gas with carbon capture
and storage could be another means of providing low-
carbon base load, but this has not been included in this
study because it is not yet considered mature enough

for costs to be well understood under wide deployment.

However, this may change in future years.

5.2.3 Capacity Development

The reference scenario includes the addition of
2,400 MW of nuclear capacity per year contained in
this plan (in agreement with Institute of Energy study
team), which without further investment represents
29% of generation in 2050 in the low-carbon
scenario. To preserve diversity in the generation
mix, no further nuclear capacity was added in the
low-carbon scenario, but biomass-based generation
was increased to a similar proportion (from 10% of
generation in the reference scenario to 28% in the
low-carbon scenario).

The low-carbon scenario replaces imported coal
with a diverse array of energy sources (Figure

19 and Figure 20). By 2050, the low-carbon
scenario has an additional 5 GW of hydro (57 GW
compared with 52 in the reference scenario);

Figure 19: Installed Capacity, Low-Carbon Scenario (GW)
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Figure 20: Installed Capacity Mix in 2030 and 2050, Low-Carbon Scenario
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66 GW of solar compared with 12 GW in the
reference scenario; 16 GW of wind (compared

with 4 GW); and 61 GW of biomass against

29 GW in the reference scenario. Nuclear remains
unchanged (46.6 GW), oil and diesel is reduced
from 8 GW to 2 GW; and gas increases from

28 GW to 33 GW. National coal is reduced slightly
from 36 GW to 31 GW, while imported coal is
reduced significantly from 121 GW in the reference
scenario to 18 GW in the low-carbon scenario.

In 2030, the installed capacity of hydro is the same in
both the reference and low-carbon scenarios. Large
hydro (storage and run of river) accounts for 20 GW,
mini and micro hydro 4 GW, and pumped storage

5 GW. By 2050, large hydro expands to 25 GW in

the reference scenario and 26 GW in the low-carbon
scenario. Mini and micro hydro drop to less than half
their 2030 effective installed capacity (1.5 GW),
while pumped storage increases to an installed
capacity of 25 GW in the reference scenario and

29 GW in the low-carbon scenario. Pumped storage
does not contribute generating capacity to the grid but
does reduce the high cost and amount of LNG-based
gas needed for peak demand and load balancing of
renewables. This increase in pumped storage capacity
from 2030 onward can be seen as a placeholder for

other electricity storage options that are expected
to be cost-effective by then, such as distributed
batteries, which are likely in the future to play a big
role in managing renewables through a smart grid.

5.2.3.1 Generation in the Low-Carbon
Scenario

The low-carbon scenario has several principal
differences from the reference scenario. First,
imported coal peaks by the mid-2030s, after which
itis phased out, rather than become the lead energy
source as in the reference scenario (Figures 21 and
22). Inits place, biomass, solar, and hydropower
are ramped up to make major contributions to
generation. National coal is unaffected, whereas
natural gas is reduced.

Solar photovoltaic: Very little additional photovoltaic
(PV) capacity is constructed before 2030. In the
reference scenario, generation is 2.3 TWh, which
increases in the low-carbon scenario to 5.1 TWh.
After 2030, more PV is brought on line as its internal
rate of return increases and it becomes more cost-
effective than coal. By 2050, the low-carbon scenario
includes 113 TWh, compared with 20.7 TWh in the
reference scenario, equating to 11% of generation.




Wind: In 2030, the generation from wind is slightly
higher than the reference scenario (13 TWh instead
of 10.9 TWh). By 2050, the low-carbon scenario
includes 35 TWh (3% of generation), compared with
9 TWh in the reference scenario.

The rationale for building more solar than wind

is illustrated by the load-duration curve, which
according to the Institute of Energy in 2010 had an
area of 64%. In the reference scenario, due to the
energy-efficiency measures incorporated, this can be
expected to improve to around 74% by 2050, despite
the radically increased use of air conditioning. Even
in 2050, this demand curve represents 20% of the
load being applied during less than 5% of the time.

In the low-carbon scenario, due principally to the
measures to reduce the energy consumed by air
conditioning, the load-duration curve improves
further to 75% by 2050. For this peak load, solar

PV has a distinct advantage and although the low-
carbon scenario includes sufficient low latency
generating capacity (based on gas) to meet peaking
demands and to stand in for the nondispatchable
power sources of wind and solar, its use is not
expected to likely be less than 15% and may be as
low as 7%-9%. However, this cannot be determined
within the present study because the detailed spatial
and time-dependent information needed for such

analysis is lacking. Figure 20 (right panel) illustrates
how, in the low-carbon scenario, the installed
capacity of wind and solar combined reach 25% of
the total installed capacity by 2050.

An additional situation driven by the load-duration
curve is that the EFFECT model dispatches based

on a load-duration curve that is defined in 20 time
intervals. With over 20% of generation occurring in
one interval, the fuel-use mix in this last interval may
present variations—a 1% time variance could assign
8% more coal or oil where, in practice, gas would be
expected.

Biomass: Prior to 2030, some biomass-fueled
thermal power plants are built in the low-carbon
scenario instead of imported coal. By 2030, 33.4
TWh of biomass is generated instead of 8.7 TWh

in the reference scenario. By 2050, the low-carbon
scenario includes 288 TWh biomass compared with
137 TWhin the reference scenario.

National coal: In 2030, slightly more generation
comes from national coal in the low-carbon scenario
(175 TWh versus 163 TWh in the reference
scenario). By 2050, the low-carbon scenario has
significantly less generation from national coal (153
TWh versus 209 TWh in the reference scenario).

Figure 21: Generation by Category, Low-Carbon Scenario (TWh)
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Figure 22: Generation Mix in 2030 and 2050, Low-Carbon Scenario

Generation 2030
Low-Carbon Scenario
Biomass — Nuclear
7% %
Solar
1% T
Wind

3%

Oiland Dieset—
0%

Gas
9%

Imported Coal
15% .

National Coal
38%

1 Hydro National Coal M Gas

Source: Authors.

M Imported Coal

Generation 2050
Low-Carbon Scenario

National Coal [mp°£52d Codl
15%

— Gas

— 0%
~—— Oiland Diesel

\ 0%
Wind
3%
Oil and Diesel Wind  ® Solar Biomass M Nuclear

Imported coal: Starting prior to 2030, a reduction

in generation from imported coal is included in the
low-carbon scenario. In 2030, the reference scenario
includes 171 TWh from imported coal, while the
low-carbon scenario has only 66 TWh. By 2050,

523 TWh in the reference scenario contrasts with

24 TWh in the low-carbon scenario. In the low-
carbon scenario, imported coal can be seen as a
stopgap fuel, phasing in around 2018 and phasing
out around mid-century as other renewable fuel
options become relatively cheaper. This implies a
high risk of imported coal plants becoming stranded
assets and should open a discussion about the merits
of avoiding the use of imported coal by accelerating
the renewable fuel programs.

Nuclear: Nearly no change is reflected in the low-
carbon scenario from the reference scenario. In
2030, 31 TWhiis in both scenarios and, in 2050, 309
TWhis in the reference and 303 TWh in the low-
carbon scenarios.

Gas: The model gives 27 TWh in the reference
scenario in 2030 versus 41 TWh in the low-carbon
scenario. By 2050, it shows 4-5 TWh in both
scenarios although this is likely to be understated

(and a different fuel overstated for the reasons
given above). The installed capacity of gas in both
scenarios was defined to cover peaking needs.

In the low-carbon scenario, higher intermittency

of added solar generation increased the installed
capacity, although this does not necessarily show
in the generation numbers because of the modeling
granularity situation that was earlier discussed.

Oil and diesel: These energy sources are not
significant in either scenario for on-grid electricity
production.

Hydro: In 2030, generation from hydro is the
same as in the reference scenario at 90.8 TWh. By
2050, additional large hydro (storage and run of
river) increases generation from 117 TWh in the
reference scenario to 123 TWh in the low-carbon
scenario, despite reduced generation from mini/
micro hydro in both scenarios from 4 TWh in
2030 to 1.5 TWh in 2050 because of competing
usage of water. Pumped storage—which does not
contribute additional generation—increases from
4 TWh in both scenarios in 2030 to 18 TWh for
the reference scenario and 21 TWh for the low-
carbon scenario by 2050.
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5.2.4 Cash Flow cost, Figure 23 shows the overall cash flow of the
reference scenario, and Figure 24 shows that for
The change in generation mix also has a positive the low-carbon scenario. Helped by the reduction
effect on the sector’s cash flow. Taking into in generation as a result of end-user efficiency
account capital expenditure, investment in measures and the difference in fuel expenditures,
repair and mid-life extension, fixed and variable the low-carbon scenario requires a significantly
operation and maintenance expenses, and fuel lower cash flow outlay than the reference scenario.
Figure 23: Cash Flow Expenditure in the Reference Scenario
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Figure 24: Cash Flow Expenditure in the Low-Carbon Scenario
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In the low-carbon scenario, the variable cost of
generation (operation, maintenance, and fuel)
stabilizes in 2050 at around $0.03 per kWh, while
in the reference scenario it continues increasing to
almost $0.05 per kWh (see Figure 25).

Figure 25: Variable Cost of Generation
in Both Scenarios
($/KWh)
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5.2.5 Cost of Electricity

The total levelized fixed cost of each new generating
plant (capital expenditure [CAPEX], including
equipment, installation management, insurance,
and spares, but without site accommodation and
land) was calculated under both scenarios using an
average real discount rate of 10%.

The variable cost of operation of each new generating
plant (operating expense [OPEX], including fuel,

and operation and maintenance expenses) was also
determined under both scenarios and added to the

above. In both scenarios, it is assumed that this 2030
price will remain unchanged until 2050 in real terms.
Figure 26 shows how both CAPEX and OPEX vary
over the modeling period when compared with the
average end-user electricity price that is given in PDP-
Vll-interim-revision to 2030.

Although the low-carbon scenario has a higher
levelized cost of investment, the reduction in variable
expenses (including fuel) more than compensates,
putting less pressure on the price of electricity than
under the reference scenario.

Figure 26: Electricity Levelized Cost
(Capital Expense, Operating Expense, and Fuel)
and Price for the Reference and Low-Carbon

Scenarios
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5.2.6 Mitigation Achieved

The emissions impact of these changes is
substantial. In the reference scenario, the
percentage of generation from low-carbon sources
(hydro, wind, solar, biomass, nuclear) stabilizes at
around 44% in 2050; in the low-carbon scenario,

it reaches 83%, with a significant reduction in the
carbon intensity of generation.

In the reference scenario, the carbon intensity of
grid electricity (grams of carbon dioxide equivalent
per kilowatt-hour [gCO,e/kWh]), which in 2010
was 358 g/kWh, peaks in 2021 at 649 g/kWh, and
drops by 2050 to 505 g/kWh. In the low-carbon
scenario, from a peak in 2022 of 626 g/kWh, it
drops to 172 g/kWh by 2050, around one-third
that of the reference scenario (Figure 27).

The replacement of fossil fuel power with
low-carbon sources has substantial abatement
potential. While the reference scenario emissions
rise rapidly and continuously, the low-carbon

Figure 27: Carbon Dioxide Equivalent
Emissions Intensity of Both Scenarios

(g/kWh)

700

600 '
500 I

400 |/~
300 \
200

100

[¢] T T T T T T T T
2010 2015 2020 2025 2030 2035 2040 2045 2050

=== Reference Scenario == Low-Carbon Scenario

8/kWh = grams per kilowatt-hour.
Source: Authors.

scenario peaks power emissions in 2035, after
which they fall. By 2050, reference scenario
emissions are cut by nearly 65% in the low-carbon
scenario (Figure 28).

700

Figure 28: Reduction of Emissions from Electricity Generation (Supply-Side Measures Only)
in the Low-Carbon Scenario (MtCO.e)
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6. ANALYSIS AND RESULTS
OF SUSTAINABLE TRANSPORTATION

6.1 The Reference Scenario

he reference scenario is based on Transport
| Strategy 2020, as well as recent master plans
(see Annex A for more details) and vehicle
usage and ownership trends driven by economic
growth. Vehicle fuel prices have been adjusted to
eliminate subsidies and are identical in both the
reference and low-carbon scenarios. The prices
to 2030 are as per the power sector reference
scenario, and are projected from 2031 to 2050 with
a price increase proportional to oil-based fuels.

6.1.2 On-Road Transportation

In Viet Nam, as in most other developing countries,
the transport sector is a rapidly growing source of
greenhouse gas (GHG) emissions. Much of this is due
to increasing transport demand. Freight increased by
over 12% per year between 1995 and 2006 in terms
of ton-kilometers (ton-km) transported. Passenger
traffic grew by slightly less than 10% per year during
the same period. Over the study period (2010 to
2050), both will grow at a lower average rate with

an annual growth rate for freight of 6.6% and for
passengers of 3.8%—but over 40 years, these “low”
growth rates give large absolute values that will require
extensive investments just to keep pace.

Road traffic concentrates mainly on national

roads and around the major urban centers. Even
though vehicle ownership is rising very quickly, car
ownership is still low and motorcycles still dominate
road traffic. Viet Nam had approximately 1 million
vehicles (with 4 or more wheels) and 25 million
motorcycles in 2010. By 2050, economic growth
can lead to an in-use population of almost 23 million
vehicles (with 4 or more wheels) plus 56 million two-

wheelers. Private car ownership can be expected to
grow from 500,000 in 2010 to 17.8 million in 2050.

The number of on-road vehicles over 2010-2050,
as shown in Figure 29, grows from 26 million in 2010
to over 77 million in 2050. Passenger cars exhibit
the highest growth because of rising income and
substitution effect of cars for two-wheelers once
incomes surpass threshold levels. Light commercial
vehicles and heavy commercial vehicles also show
significant growth. Over the modeling period, the
number of light commercial vehicles grows 10 times
to 2.1 million vehicles, while heavy commercial
vehicles grow by a factor of two and a half to

1.2 million trucks and buses.

Light commercial vehicles are generally used in
pickup and delivery and for short-haul types of
operation, whether for passengers, freight, or mixed
use. Some of the heavy commercial vehicle segment,
such as trucks from the 7 ton to 12 ton gross vehicle
weight range, have a similar usage style but this class
also includes longer-haul vehicles (rigid trucks and
articulated units—tractor-trailer combinations—
plus long-distance buses and coaches). Over the
modeling period, their load factors and efficiency

of operations are expected to increase, resulting in
higher annual usage. Figure 30 shows the expected
increase in annual average kilometers (km) for the
heavy commercial vehicle segment while the other
segments remain more or less stable. Long-distance
on-road transportation has to increase its annual
mileage for its freight costs to be competitive; and
this is the reason behind the lower population growth
for this class of vehicles.

This results in a total on-road vehicle-kilometers-
traveled that increases over three times from
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Figure 29: Projected Number of Vehicles, Reference Scenario
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