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Abstract

Chapter 5 analyses the sensitivity of Viet Nam's energy system — including both demand
and supply sides — to weather conditions, projects the potential impact of climate change
and proposes adaptation strategies. Key results confirm the significant effect of fluctua-
tions in weather factors such as precipitation and temperature on residential, commercial
and industrial energy demand, and hydropower generation. One additional degree Celsius
is estimated to increase household electricity consumption by 4.86 per cent and firms’
energy demand by 4.31 per cent. In addition, climate change would introduce a great deal
of uncertainty into hydropower generation, which currently accounts for a significant part
of Viet Nam's energy production. Our projections under RCP4.5 and RCP8.5 for the 2017-
2050 period using the Low Emissions Analysis Platform (LEAP) suggest climate change
would cumulatively raise electricity demand by USS 4,227.5-7,675.3 million, and emissions
by 161.9-288.3 MtCO2e. Close monitoring, early planning, and prompt response measures
based on strengthened scientific and technological capability are recommended, to cope
with the various impacts of climate change on the energy system.

Tom tat

Chuong 5 phéan tich muic dé nhay cam ctia hé théng ndng lugng Viét Nam, bao gém ca phia
cung va cau, déi vdi cac diéu kién thoi tiét, du béo kha ndng tdc dong cla bién déi khi hau
va dé xuat cac chién lugc tng pho. Cac két qua chinh cho thay su bién dong cla céc yéu
t6 thai tiét nhu lugng mua va nhiét d6 déi da anh hudng dang ké dén nhu cau nang luong
khu vuc hd gia dinh, thuong mai va cong nghiép va san xuat thiy dién. Ung véi méi do C
tang thém udc tinh sé lam tdng muec tiéu thu dién trong cac ho gia dinh 1én 4,86% va nhu
cau néng luong cla cac doanh nghiép lén 4,31%. Ngoai ra, bién ddi khi hau sé gay ra nhiéu
bé&t 6n cho viéc san xuét thay dién, hién dang chiém mot phan déang ké trong san xuat néng
lugng cla Viét Nam. Céc két qua du bdo theo mo hinh phan tich phat thai thap (LEAP) trén
co sd céc kich ban RCP4.5 va RCP8.5 cho thay bién d6i khi hdu sé lam tang thém téng nhu
cau dién, tuong Ung vdi 4.227,5-7.675,3 triéu do la My va 161,9-288,3 triéu tdn CO2e phat
thai tich [0y cho ca giai doan 2017-2050 . Tir d6 dé xuat cac khuyén nghi nhu: gidm sat chat
ché, 1ap k& hoach sém va céc bién phdp tng pho kip thoi dua trén viéc tang cudng nang luc
khoa hoc va céng nghé dé déi pho vai céc tac dong khac nhau clia bién déi khi hau déi v
hé théng nang lugng.
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Résumé

Le chapitre 5 analyse la sensibilité du systeme énergétique vietnamien — tant du c6té de
la demande que de l'offre — aux conditions météorologiques. Il projette I'impact potentiel
du changement climatique et propose des stratégies d'adaptation. Les principaux résul-
tats confirment l'effet significatif des fluctuations des facteurs météorologiques tels que
les précipitations et la température sur la demande dénergie résidentielle, commerciale et
industrielle, ainsi que sur la production d’hydroélectricité. On estime qu'un degré Celsius
supplémentaire augmente la consommation d'électricité des ménages de 4,9% et la de-
mande d'énergie des entreprises de 4,3%. En outre, le changement climatique introduirait
une grande incertitude dans la production d’hydroélectricité, qui représente actuellement
une part importante de la production énergétique du Viet Nam. Selon nos projections dans
le cadre des scénarios RCP4.5 et RCP8.5 pour la période 2017-2050, réalisées a I'aide du
modele LEAP, le changement climatique entrainerait une augmentation cumulée de la de-
mande délectricité de 4 227,5a 7 675,3 millions de dollars américains, et des émissions de
161,9 a 288,3 MtCO2e. Il est recommandé d'assurer une surveillance étroite, une planifica-
tion précoce et des mesures de réaction rapide fondées sur le renforcement des capacités
scientifiques et technologiques, afin de faire face aux différents impacts du changement
climatique sur le systeme énergétique.
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1. Introduction

In general, there is a strong connection
between energy consumption and econo-
mic development. Viet Nam could serve as a
prominent example. It has been “one of the
best-performing economies in the world over
the past decade” [WB, 2011 ], and maintained
a GDP per capita growth rate second only to
China [WB and MPI, 2016 |. Rising power de-
mand has accompanied economic growth.
Viet Nam's impressive average annual growth
rate of 7.5% between 1995 and 2005 coexisted
with a growth rate of 15% in demand for ener-
gy [Huu, 2015]. In terms of equity, Viet Nam
succeeded in reducing its poverty rate from
58% in 1993 to under 6% (US$3.2/day PPP)
[ World Bank, 2021 ]. In parallel, the proportion
of households with access to electricity has
risen substantially from under 2.5% in 1975 to
99% by 2016, comparable to higher average to
upper middle-income countries like China or
Thailand [World Bank, 2021]. In 2014, off-
grid households accounted for less than 2%,
and just under 3% reported unmet electricity
needs [ Ha-Minh and Nguyen, 2017].

Projections suggest that Viet Nam'’s thirst for
energy will continue to fuel its ambition of eco-
nomic development and improve the living
standards of its people. The baseline scena-
rio of Power Development Plan VIII forecasts
national power demand to reach 491.3 TWh
by 2030, and 877.1 TWh by 2045 [IE, 2021].
These figures compare to 210.5 TWh in 2019.
Meanwhile, per capita energy consump-
tion is projected to increase to 4,588 kWh
by 2030 [IE, 2021], from 985 kWh in 2010
[ADB, 2013]. The strong link between ener-
gy consumption and economic development
in the past implies that a failure to satisfy
energy demand may hinder or even reverse the
development achieved. It has been shown that

during its development progress, robust perfor-
mance in Viet Nam has become more sensitive
to power unreliability [ Elliott et al,, 2021]. A re-
liable energy development strategy associated
with thorough consideration of energy sources
is pivotal to the country’s development.

Le (2019) found that the elasticity of electricity
to GDP (growth rate of electricity consump-
tion/ GDP growth rate) in Viet Nam is between
1.5 and 2: remarkably high compared to other
countries at a similar level of development.
This is reasonable, since in the initial stage
of economic development, energy-intensive
industries are likely to grow faster. However,
they will give way to low-energy, high-efficien-
cy industries in the future, when the economic
structure changes.

Inassessing climate change'simpactsonener-
gy systems, Yalew et al. (2020) proposed a
conceptual framework based on previous
studies. Figure 5.7 shows different elements
of climate change that can directly influence
various sources of energy supply, such as hy-
dro, solar, wind, fossil fuels, nuclear power and
bioenergy, and energy demand for heating and
cooling purposes. In Viet Nam, coal, hydro-
power, and natural gas are the most important
primary energy sources, accounting for 98.1%
of total electricity production [ Figure 5.2]. Of
these three sources, hydropower generation
is supposed to be most directly affected by
climate change. Changes in precipitation and
seasonal patterns due to climate change, es-
pecially extreme weather events, can result
in reduced precipitation (or water flow) in dry
seasons and reduced water level in reservoirs
in almost all regions. This could in turn reduce
capacity utilization of hydropower generation
facilities. Consequently, as regards energy
supply, this chapter confines itself to hydro-
power generation
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[Figure 5.1]

Conceptual framework to assess climate change impacts on energy system
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Up to now, 100% of all communes and 99.6%
of all households in Viet Nam have access
to the national electricity grid. In addition, in-
creasing income and the rapid popularization
of electrical home appliances has increased
electricity demand among households and
firms considerably. Climate change in the
form of rising temperature and weather ex-
tremes will strongly impact residential electri-
city demand: mainly electricity consumption
for air conditioners, refrigerators and electric
fans.

Therefore, the objectives of this study are to
evaluate the impact of climate change on
electricity demand, hydropower production,
and the whole energy system up to 2050 in its
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economic and environmental aspects and to
propose measures to cope with this impact.

A range of different approaches or methods
can be usedto assess climate change impacts.
These include quantitative and predictive mo-
dels, empirical studies, expert judgment, and
experimentation. Each of these approaches
has its own advantages and weaknesses, and
a good strategy may be to use a combination
of approaches in different parts of the assess-
ment or at different stages of the analysis .

Our study will first employ quantitative me-
thods to evaluate impacts of climate change
on electricity demand for both household coo-
ling and manufacturing firms' consumption

Addng

puewsq
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[Figure 5.2]

Electricity production and installed capacity by source, 2019
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of electricity, and on hydropower production.
To assess the impacts on the whole energy
system, we shall develop several scenarios
for comparison. We start with the Business
As Usual (BAU) Scenario that outlines future
energy consumption, assuming no impacts
from climate changes. Then, under the Viet
Nam Climate Change and Sea-level Rise Sce-
narios (hereafter referred to as climate change
scenario), typical studies on the impacts of
climate change on electricity demand and hy-
dropower plants are used to develop scenarios
for climate change impacts (CCl). In this study,
the Low Emissions Analysis Platform (LEAP)
is used as a tool to analyse and quantify
the impacts of climate change on Viet Nam's
energy system. LEAP is flexible and can be
used to create models of different energy sys-
tems based on available data, ranging from
bottom-up, end-use techniques, to top-down

Installed generation capacity, mid 2019

2,8%

B Renewable B Import

approaches. Moreover, LEAP is also used to
evaluate costs and benefits for different policy
strategies on both demand and supply sides,
to deal with the impacts of climate change on
the energy system in Viet Nam.

This chapter is structured as follows. Sections
2 and 3 provide a separate assessment of cli-
mate change's impacts on electricity demand
and hydropower production, respectively. Sec-
tion 4 presents a comprehensive (integrated)
evaluation of the energy system under diffe-
rent scenarios. In Section 5, several measures
are proposed with associated social costs
and benefits. Conclusions and recommenda-
tions are in Section 6.
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2. Assessment

of climate change’s
impacts on electricity
demand

The impressive performance of the Viet-
namese economy over the last few decades
has been closely associated with the rapid ex-
pansion of the national grid to different parts of
the country. Easy access to electricity for firms
and households has improved not only pro-
ductivity, but also living conditions for millions
of people. Since it takes time to change elec-
tricity generation capacity, long-term planning
requires a reasonably accurate forecast of fu-
ture electricity demand. However, this task has
been complicated by temperature rise due to
global warming [ Slingo and Palmer, 2011] (see
Chapter 1 for the past trends in temperature).

There is a rich literature on the effect of cli-
mate change, especially temperature, on elec-
tricity demand [Sailor and Pavlova, 2003].
This effect is mainly attributed to the rapid
proliferation of electric cooling and heating ap-
pliances in firms and households, in residen-
tial and commercial/industrial sectors. While
there have been many studies on household
electricity demand [ Conevska and Urpelainen,
20201, the extent of research on firms’ electri-
city demand is more modest.

The objective of this section is to estimate the
impact of temperature changes on electricity
demand among firms and households, while
observing other underlying determinants of
electricity demand. Since firms are able to re-
sort to different energy sources, such as elec-
tricity, gasoline, charcoal, diesel, gas, etc., we
also consider substitution among these inputs
as a result of prevailing relative input prices.

Then, we forecast firms’ and households’
electricity demands under different scenarios
of temperature rise due to climate change and
economic growth.

2.1 Methodology

Using different methods, most previous stu-
dies demonstrated that household energy
consumption in developed and developing
countries is related to various factors that can
be classified into four categories, including
household head characteristics, household
characteristics, dwelling attributes, and clima-
tic factors [ Galvin and Sunikka-Blank, 2018].

Deschenes and Greenstone (2011) applied the
panel approach with flexible functional forms
to explore the relationship between climate
changes and household electricity demand
in the United States between 1968 and 2002.
They found that daily temperatures have a si-
gnificantimpact. This relationship is non-linear,
i.e. residential electricity consumption tends to
increase considerably at the extremes of the
temperature distribution. Since the tempera-
ture in Viet Nam typically ranges from 21°C to
35°C —higher than the estimated threshold
temperature in Moral-Carcedo and Perez-Gar-
cia (2015) — the heating needs for firms are
correspondingly limited. In this chapter, we do
not estimate a non-linear relationship between
temperature and electricity demand.

In addition, electricity is only one of energy
sources available to firms. The objective of pro-
fit maximization (or cost minimization), along
with large-scale production, causes firms to
consider alternative sources such as gaso-
line, charcoal, diesel, gas, etc. This is especial-
ly significant in developing countries, where
electricity supplies tend to be unreliable and
susceptible to exogenous shocks. Electricity
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shortages, which may be frequent under extre-
me circumstances, can adversely affect firms'’
production and revenue [ Abeberese, 2017 ]. As
temperature increases under global warming,
firms may plan lower production or switch to
more modern, ‘greener’ or more labour-inten-
sive technologies. The latter strategy requires
consideration of possible substitution among
factors of production, and among different
fuels. Therefore, we apply econometric me-
thods with the model in Bardazzi et al. (2015).

We are going to estimate two systems: (i) one
with three production factors, i.e. labour, capital,
and energy, and (ii) one with five fuel sources,
i.e., electricity, gasoline, charcoal, diesel, and
gas (see Box 5.1 below). To estimate the im-

[Box 5.1]

pact of temperature on household electricity
consumption, we regress households’ annual
electricity spending on observed and unob-
served attributes at the household level, and
average temperature in the district in which
households are located.

Another way to represent the non-linear rela-
tionship is to sort each day’s average tempe-
rature into one of 14 temperature bins. They
are the first, fifth, tenth, twentieth, thirtieth,
fortieth, fiftieth, sixtieth, seventieth, eightieth,
ninetieth, nine-fifth, and ninety-ninth percen-
tiles of the temperature distribution . It is ex-
pected that on extremely cold and hot days,
households are likely to consume more elec-
tricity for heating and cooling.

The general share equation for both systems is adapted from Bardazzi et al. (2015):

-1 .
W

i \
).
Sife = d; + Titempy, + Z a;jln (;7#) + filn (7) + 6;In(employment,)

\ Pk /
= kft) f

4F Z Yie yeary + Z 0y industrys + Z W oWnershipey, + wire,  (5.1)
T 7 m

where Si is the cost share of input i of the " firm in year t, temps is the tth year’s average temperature in

the province where the f firm was officially registered, Pj is the jth input price, P— is the level of real output
of the f firm, year , industrys and ownershipm are the year, industry, and types of ownership dummies. Since
the production function may not have constant returns to scale, we need to include the logarithm of the
number of workers, In(employment ), as a proxy for firm size and three groups of dummy variables.

To estimate the impact of temperature on household electricity consumption, we regress a function of the form

In(q;,) = a; + ftemperature;, + Stemperaturel +yZi, + wy,

(52

where In(gi) is the natural logarithm of household i's annual electricity spending (adjusted for electricity
price) in year t, Zit is a vector of observed attributes at the household level, a; is time-invariant and unobserved
household fixed effect, temperaturei is average temperature of year t in the district in which household i

is located. We add a quadratic term temperaturei: to account for the possible non-linear impact of

temperature on electricity consumption.

A popular estimation equation that reflects the non-linear relationship with 14 temperature bins is

[ Maximilian, 2018; Deschenes and Greenstone, 2011 |
14

In(qie) = @i+ ) By Doic +VZi + i (53)
b=1

where Deit is the number of days of which average temperature falls into bin b (experienced by household i in
year t. Annual data postulate that Y%, D,;, = 365 or 366, we need to drop one bin which is considered the

base group to avoid perfect collinearity.
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2.2 Estimated effects

of temperature on residential,
manufacturing, and aggregate
electricity consumption

This chapter utilizes Viet Nam Enterprise Sur-
veys conducted by the General Statistics Office
(GSO) of Viet Nam. The surveys were initiated
by the World Bank in 1998. They were de-
signed to survey thousands of small, medium,
and large companies across all geographic
regions, so that they could be representative
samples of firms in the economy. However,
these surveys are subject to extensive missing
data and measurement errors. We have used
the last three surveys from 2016 to 2018, each
of which covers around 500,000 businesses.
As our panel dataset spans just three years,
we do not expect there to be much variation in
temperature experienced by firms. Therefore,
the factor and fuel demand systems do not in-
clude a quadratic term in temperature like the
residential electricity consumption function.

The estimation results of the factor demand
system are displayed in Table 5.7. With capital
being chosen as the numeraire input, the sys-
tem comprises two cost share equations for
labour and energy. As temperature rises, firms
are likely to spend relatively more on labour
and energy, and less on capital. Labour and
energy cost shares tend to increase 0.09 and
0.06% for each additional degree Celsius, all
other things being equal. The median firm has
to consume 4.31% more on energy. The same
holds true if the firm size (measured in terms
of the number of workers) grows. However,
a 1% increase in a firm’s real output is asso-
ciated with a higher energy cost share (up by
0.06%), but a lower labour cost share (down
by 0.06%).

Based on the Standard Industrial Classifica-
tion (SIC), we divide firms into four industries:
(i) agriculture, forestry, fisheries, and other
sectors, (i) mining, industry, and manufac-
turing, (i) electricity, steaming, conditioner
production, and (iv) water supply, construction,
vehicle, automobile repairs and all services.
The firms in industries (i) and (iv) consume
relatively more energy than firms operating in
agricultural sectors. Labour cost shares are
highest among firms in industry (iii), followed
by the base group, then industries (iv) and (ii).

It should be noted that foreign —and domes-
tic privately-owned firms employ Viet Nam's
abundant factor of production — labour more
intensively, as their labour cost shares are hi-
gher than those of state-owned enterprises.
However, their energy consumption is compa-
ratively lower than SOEs. All other things being
equal, over time firms spend more on labour
and less on energy. This is particularly desi-
reable, as global warming requires a cutback
on energy — especially fossil — consumption.

Although energy cost shares increase with
temperature, the fuel demand system in
Table 5.2 shows that electricity and charcoal
cost shares, among firms which are current-
ly using five fuels, decrease while their diesel,
gas, and gasoline cost shares rise. On hot
days, the aggregated electricity consump-
tion in both the residential and commercial/
industrial sectors is expected to skyrocket,
imposing intense pressure on the country’s
electric power generation and transmission
system. Firms are inclined to resort to other
energy sources, for example their own electric
generators using diesel or gasoline, in order to
cope with the higher electricity prices that are
applied to their bigger usage load.
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[Table 5.11
Estimation results of factor demand system

Dependent variable Labor cost share Energy cost share

Notes: The numeraire factor is capital. Constants are not reported.
**% gignificant at 1% level.
Source: Authors’ calculation.
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[Table 5.2]
Estimation results of fuel demand system

Dependent variable Electricity Charcoal Diesel Gas

cost share cost share cost share cost share

Notes: The numeraire fuel is gasoline. Constants are not reported.
ek k% significant at 1%, 5%, 10% levels, respectively.
Source: Authors' calculation.
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We do not forecast consumption for the five
fuels due to the limited number of firms in the
inter-fuel demand system. In Table 5.1, an in-
crease in the real output + raises energy cost
share, which shifts down over time thanks to
technological progress. It seems that year
dummies reduce energy cost share conside-
rably. But we should be prudent because the
time horizon in our sample is short. Forecasts
about Viet Nam's real output growth between
now and 2050 are taken from the BAU scena-
rio (see Section 4 below for further detail). We
assume that technical progress over time will
mitigate the impact of real output growth on
energy cost share by 2% per annum. For exa-
mple, if real output increases by 5%, then as
a result of technological progress, energy cost
share in that year is subject to a 3% increase in
real output.

Temperature projection is based on Global
Circulation Models (GCMs) under different Re-
presentative Concentration Pathways (RCPs).
Simulations of 31 models in the fifth phase of
the Coupled Model Intercomparison Project
(CMIP5) generate 31 values of average tem-

[Table 5.3]

perature for each year. All of them are used to
forecast firms’ energy consumption. If there is
no noticeable change in the current trend, by
the middle of this century energy consump-
tion in production will be more than two and
a half times larger. This dramatic acceleration
calls for promoting renewable sources, and
switching to less energy-intensive industries or
more energy-efficient technologies.

For residential electricity =~ consumption,
the dataset is compiled from the Viet Nam
Household Living Standard Surveys (VHLSS)
that were undertaken by the GSO every two
years (in the years ending with even numbers)
from 2002 to 2018. Since there are unobserved
but important household-level attributes (ef-
fects) that cause heterogeneity in households’
electricity consumption, we have constructed
a panel dataset in which each household must
show up at least twice over time. The GSO im-
plemented a 50% rotation of households being
interviewed from one survey to the next. The-
refore, the panel dataset currently available is
unbalanced.

Estimation results of residential electricity consumption

Equation (5.2)

Equation (5.3)

CHAPTER 5| ARESILIENT ENERGY SYSTEM TO CLIMATE CHANGE 1245

Equation (5.2) Equation (5.3)

Notes: Household constants are not reported.
**% gignificant at 1%level.
Source: Authors’ calculation.
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Estimation results of equations (5.2) and (5.3)
(see Box 5.1 are reported in Table 5.3. Coeffi-
cient estimates of household characteristics
are very consistent in the two model specifica-
tions. The second column in Table 5.3 shows
that temperature has a nonlinear impact
on residential electricity use. At the median
temperature of 24.8 degrees Celsius, a one
degree increase raises electricity consump-
tion by 4.86%. However, as temperature goes
up, electricity demand increases at an increa-
sing rate. In the last column, we choose the
third, fourth, and fifth bins which encounter
the least electricity consumption as the base
group. Each additional extreme cold day in bin
1 raises annual electricity demand by 0.68%.
As it gets warmer, demand first decreases
then increases at temperatures higher than
22.87 degrees Celsius. The fact that the
coefficients of extreme hot bins 13 and 14

3. Assessment

of climate change’s
impacts on
hydropower
production

3.1 Introduction

Viet Nam has considerable potential to develop
its hydropower, thanks to an intensive system
of more than 2,360 rivers and streams longer
than 10 km. The ten major rivers that can be
adapted to hydropower construction have an
approximate total potential capacity of 21—
24 GW [UNIDO and ICSHP, 2013 ]. Such poten-
tial has been transformed into power supply to
meet increasing power demand. With more

are smaller than that of bin 12 does not tally
with the convex effect of temperature as in-
dicated in Equation (5.2). A closer look at the
dataset shows that most households which
are exposed to excessively hot weather all
year round are located along the coastal pro-
vinces. Frequent extreme weather conditions
(including tropical storms and depressions)
make local people more adaptive, i.e. less de-
pendent on electricity.

The annual electricity consumption data blur
seasonal temperature effects. Therefore, we
have used the results of Equation (5.2) to fo-
recast residential electricity demand in the
future. If the current consumption pattern re-
mains unchanged, then residential electricity
consumption will increase by more than 80%
by 2050.

than 70 years of hydropower development
since independence (in 1945) and an increase
in construction of hydro-plants over the past
two decades, Viet Nam has already exploited
nearly 70% of its theoretical hydropower
potential, compared with the global average
rate of 35% [Huu, 2015]. In 2020, hydropower
made up 30% of Viet Nam's installed power
capacity, amounting to 20.7 GW [ IE, 2021 ].

Hydropower is generally perceived as an af-
fordable, adjustable and sustainable power
source. However, it is sensitive to the varia-
tions in the hydrological conditions, which
in turn respond to the variability of weather
factors such as rainfall and temperature
[IFC, 2015]. This concern is particularly re-
levant to Viet Nam, a country forecast to be
severely affected by climate change. Some
previous assessments provide relevant impli-
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cations for the hydropower sector, including
(1) increases in energy demand as a result of
rising temperatures [ MONRE, 2010]; (2) the
potential impact of changing stream flows
on hydropower production [WB, 2011], and
conflicts over water resources among the
agriculture, industry and energy sectors [ ADB,
2013]. However, these studies provide mainly
qualitative assessments for general sectors,
and call for more quantitative analysis.

The objective of this section is to quantify the
potential impact of climate change on the ge-
neration of hydropower plants in large basins
representing different climate zones across
Viet Nam. More specifically, the analysis aims
at (1) calibrating rainfall-runoff models to simu-
late inflows into selected hydropower plants at
a daily time step; (2) setting up hydropower
dam models for selected hydropower reser-
voir systems; and (3) quantifying the impact
of climate change on hydropower production
using the hydropower dam model and multiple
GCMs and emission scenarios.

3.2 Methodology and Data

Figure 5.3 shows the general methodology ap-
plied to model the impacts of climate change
on hydropower production. This framework has
been applied to a large number of hydropower
plants in main river basins across Viet Nam.
According to Figure 5.3, quantifying climate
change impacts on hydropower production is
achieved in two main steps, as follows:

Step 1: Generate the multi-GCM and multi-sce-
nario projections of daily inflows into the selec-
ted hydropower dams. Historical and projected
climate variables from multiple GCMs are first
processed to create the data input formats
required for simulating inflows to hydropower
dams. Rainfall —runoff models are then set

up for the selected river basins, using obser-
ved rainfall, temperature, runoff, topography,
soil and land use datasets. We finally generate
baseline and future inflows for all hydropower
dams by forcing the calibrated rainfall — runoff
models with the observed climate variables
and multi-GCM climate variables under diffe-
rent emission scenarios.

Step 2: Produce the multi-GCM and multi-sce-
nario projections of hydropower production for
all of the selected dams. In this step, we first
need to build hydropower impact models for all
of the selected hydropower dams, using their
distinct physical-hydraulic characteristics and
historical inflows simulated in Step 1. Then the
hydropower impact models are forced using
multi-RCM and multi-scenario inflow projec-
tions generated from Step 1 to produce the
multi-RCM and multi-scenario projections of
hydropower production for all of the selected
dams. Finally, the potential impacts of climate
change on hydropower production across
Viet Nam are explored by statistical and visual
exploratory analysis of the results.

The following subsections describe the me-
thodology for hydrological simulation, hydro-
power generation modelling and the data sets
used for the analysis in more detail.

Hydrological simulation

For discharge simulation purposes, we em-
ploy SWAT (Soil and Water Assessment Tool).
This physically-based, continuous, semi-distri-
buted model is widely used around the world
to address numerous hydrologic and envi-
ronmental problems [ Gassman et al., 2014 ].
The model is also applied in various contexts
related to Viet Nam at different scales, and
contributes to knowledge about drivers that
might alter hydrological processes such as
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[ Figure 5.3]
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This figure shows a general methodology applied to model the impacts of climate change on hydropower
production. According to this figure, the quantification of climate change impacts on hydropower production
is achieved by two main steps: (1) Generate the multi-GCM and multi-scenario projections of daily inflows
into the selected hydropower dams; (2) Produce the multi-GCM and multi-scenario projections of hydropower
production for all of the selected dams.
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climate change, deforestation, soil protection,
crop conversion and hydropower activities.

For each given watershed, SWAT uses
inputted topographic and hydrological data
to partition the watershed into multiple sub-
basins given a desired level of granularity.
Subsequently, sub-basins are broken down
further into hydrologic response units (HRUs),
which are the smallest component of the
analysis, with a specific profile of land cover,
soil and management characteristics. The
simulation of hydrological cycles at the wa-
tershed level is comprised of two processes.
The land phase calculates runoffs at the HRU
level, then aggregates them at the sub-basin
level based on the water balance equation.
Accordingly, changes in soil water content at
a daily time step are explained by the diffe-
rence between the amount of precipitation
and the total amounts of processes including
surface runoff, evapotranspiration, percola-
tion and bypass flow exiting the soil profile
bottom, and return flow. In the land phase,
the total amount of runoff at the sub-basin le-
vel is calculated, and then routed to the main
channel through the stream network such
that water discharges downstream except for
losses due to evaporation and transmission
through the bed of the channel, and removal
for agricultural and human use. The SWAT
model is calibrated and validated using the
sequential uncertainty fitting version 2 (SUFI-
2) algorithm in SWAT-CUP.

Hydro power generation modelling

Given the scope of this study, we employ
both process-based and regression-based
models to simulate hydropower generation.
The former is used for basins where infor-
mation is more complete, the coordination
between existing dams is well known, and

the assumption on maximising power ge-
neration under constraints is plausible. The
latter is used where the process-based mo-
del is less feasible or sensible. For example,
there is a lack of information on meteorolo-
gical variables beyond Viet Nam's border and
their future trends that is consistent with the
high-resolution meteorological datasets used
in this study. The operational procedure of
upstream dams located outside Viet Nam is
also not accessible. This means modelling
hydropower generation in affected basins re-
quires a pragmatic approach that can tolerate
missing information, and allows the model's
explainability to be assessed given the lack of
information. In addition, rule-based simulation
is less likely to be applicable to basins where
there is substantial competing water demand
other than power generation, especially where
anecdotal evidence on water conflicts are re-
corded.

For the process-based model, which is ap-
plied for the Dong Nai, Sesan and Srepok
basins, we have reproduced the flow and
diversion of water, and the physical opera-
tions of reservoirs and hydropower plants in
a system of reservoirs and river reaches, by
employing a river-reservoir system simulation
model, namely HEC-ResSim model. HEC-Res-
Sim was developed by the U.S. Army Corps
of Engineers [HEC, 2007 ]. The HEC-ResSim
model was widely and successfully employed
in many previous studies around the world to
model water resource allocation and reser-
voir operations at one or more reservoirs for
a variety of operational goals and constraints,
and also to generate production outputs from
daily flow data [ Piman et al., 2016; Tilmant et
al, 2017; Uysal et al., 2016 ]. The model uses
an original rule-based approach plus user-spe-
cified operating rules for the operational goals
and constraints that reservoir operators must
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[Figure 5.4]
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use to meet multipurpose goals, including
flood reduction, water supply, hydropower ge-
neration, and stream flow requirements. In our
study, simulated daily flows for each sub-ba-
sin from SWAT are lumped at the dam sites
and used as input to the model. In addition,
physical, hydraulic, and energy characteris-
tics, as well as operation rules for reservoirs,
are also required inputs to the model.

Regarding the regression-based method,
which is applied for the Da, Lo-Gam-Chay and
Ba basins, we have fitted the observed series
for monthly generation at each dam with a set
of information about hydrological conditions
and operation. We start with a simple empi-
rical specification as proposed by Cole et al.
(2014), which uses the quadratic function of
contemporaneous simulated river flow to pre-
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[Table 5.4]
Data sources
Data types Sources

Basin boundary and
river networks

Digital Elevation Model (DEM)

FAQ Rivers in South and
East Asia and HydroBASINS

HydroSHEDSvoid-filled DEM

Notes

~ 30 arc-seconds

~ 3 arc-seconds

Soil Digital Soil Map of the World ~ 5 arc minutes
version 3.6
Land cover UMD Land Cover ~ 1 km pixels

classification collection

Historical weather data

Climate change scenarios

VnGP and VnGC dataset

Bias Correction and Spatial
Downscaling (BCSD) GCM dataset

0.1 deg ~ 10km, from
147 temperature and
481 rainfall stations

0.1 deg ~ 10km,
various models

(see Chapter 1 for more details) for 2 RCPs

Physical and hydraulic
characteristics, operation
rules of reservoirs, and
hydropower production

Historical river flow
Data Center

dict hydropower generation. We improve this
specification in a number of ways. First, we
model the dynamic effect and include a qua-
dratic function of lagged simulated river flow
to take into account the water storage role of
large reservoirs attached to dams. Second, we
model the impact of upstream dams where
a cascade is formed. Technically, we include
interaction terms between a binary variable
for the operation of a particular upstream
dam and the quadratic function of river flow
to downstream dams. In another extension,
we also take account of the cascade effect
dependent on the simulated flow to upstream
dams.

Viet Nam’'s Hydro-Meteorological

Regulations issued by the Viethamese Large hydropower plants
Government on promulgating

the reservoir operating procedures;
Institute of Energy

with a capacity of more
than 30 megawatts (MW)

Most relevant stations

Data

In this study, we examine 6 major basins that
are representative of different climate regions
across the country. In addition, the hydropower
plants in the selected river basins represent a
significant contribution to national hydropower
energy, accounting for more than 80% of
the national installed hydropower capacity.
The selected basins as illustrated in Figure 5.4
include Da, Lo-Gam-Chay, Ba, Sesan, Srepok
and Dong Nai.

Our analysis is based on a range of data as
summarized in Table 5.4. We note that for
the projections of hydropower generation
changes, we rely on projected daily time
series for rainfall, maximum and minimum
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temperature from 31 GCM simulations pro-
cessed by the Laboratory for REmote sensing
and MOdelling of Surface and ATmosphere
(REMOSAT) (See Chapter 1 for more details).
Two emission scenarios are chosen, including
an intermediate emissions scenario, referred
to as RCP 4.5 and a high emissions scenario,
referred to as RCP 8.5. Finally, for the purpose
of evaluating the changes in hydropower pro-
duction resulting from projected changes in
climate, we set the baseline period to 1999-
2018 and the future period to 2041-2060.

3.3 Results and Discussion

As can be seen from Figure 55, climate
change's impact on annual hydropower ge-
neration varies across the country, reflecting
the climatic, topographic and hydrological di-
versity of Viet Nam. The impact is highly un-
certain, with the sign being either positive or
negative, dependent on climate models and
emission scenarios. The ensemble medians of
31 climate models report an increasing trend
in all basins under both studied RCPs, which
is mainly driven by the increase in precipitation
projected across the country by the mid-cen-
tury (see Chapter 1). In many basins, climate
change is however likely to reduce discharge
in the dry season, putting pressure on hydro-
power generation and the energy system. We
will, in turn, discuss the impact at basin level
below.

Originating from China and flowing through
the Northwest of Viet Nam, the Da river basin
has played a critical role in the national hy-
dropower system. It has hosted the country’s
largest hydropower plants, including Hoa
Binh (1920 MW) since 1994 and then Son
La (2400 MW) since 2012, and accounts for
43.9% of Viet Nam's installed hydropower
capacity (as of 2017). Besides their impor-

tance in energy production, large reservoirs
attached to hydropower cascades in Da River
also contribute substantially to other purpo-
ses, such as irrigation and flood control for
the downstream regions, including the capital
Hanoi. Our projected changes in Da River's
hydropower generation for the 2050s using
RCP4.5 and 29 climate models (excluding
2 outliers GFDL-CM3 and MIROC5) vary
between a decrease of 2.2% and an increase
of 6.8% compared with the baseline period
(1999-2018). Projections for RCP8.5 present
a larger range of uncertainty, with changes
from the baseline varying between -4.1% and
+8.2% across 31 climate models. The me-
dian models for RCP 4.5 and 8.5 suggest an
increase in generation by 3.5% and 2.4%, res-
pectively. A more detailed analysis suggests
that climate change is more likely to reduce
hydropower generation in Da basin between
January-February and May-June. The en-
semble median change in June is -3.7% for
RCP 4.5 and -4.7% for RCP 8.5. A reduction in
the hydropower production of large dams in
early summer would be a cause for concern.
It would coincide with the time when energy
demand typically soars, chiefly for cooling
purposes, and potentially compromises the
power system’s reliability.

The Dong Nai river basin is the second-lar-
gest national river basin, covering a drainage
area of 40,863 km?2. The basin originates in the
Central Highlands of Viet Nam, flows down
through many provinces in the southern part
of the country including Ho Chi Minh City, and
finally pours into the East Sea. In terms of hy-
dropower potential, the Dong Nai river has the
second highest rank in Viet Nam, after the Da
river basin. The total installed hydropower ca-
pacity of Dong Nai river basin reached about
2,650 MW, accounting for 17% of the total na-
tional hydropower capacity (as of year 2017).
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[Figure 5.5]

Projected Annual Hydropower Generation by basin (2041-2060)

40 I RCP4.5

RCP 8.5
30 —

20

1

o

o

-10

Changes (%) from baseline (1999-2018)

Basin

As can be seen in Figure 5.5, the ensemble
median change in annual hydropower pro-
duction is +5% under RCP4.5 and +6% under
RCP8.5. The change ranges from -1% to +7%
over the future period with RCP4.5 and from
+2% to +10% with RCP8.5 [Figure 5.5]. Our
projected changes in the Dong Nai river's
monthly hydropower production also show
large uncertainty among the 31 GCM simula-
tions, and higher median increases are simu-
lated under RCP8.5 for most months. Under
RCP8.5, the majority of GCM simulations fo-
recast increased changes in hydropower pro-
duction for most months — with the exception
of May, June and August — with the increased
changes varying from 0 to 18%. The projec-
ted changes for May, June and August vary
between -4% to 7% with RCP8.5. Under RCP
4.5, results for hydropower production show a
tendency for very marginal increases in many
months, namely in January, February, May,
June, and August, averaging 1% in a range
of -7% to 5% across all the GCM models.

##Hﬁ'ﬂ' -

Da Dong NaiSe San LGC Srepok Ba

The Se San river is one of the major tributaries
of the lower Mekong basin flows, located in
the Central Highlands of Viet Nam and flowing
down to north-east Cambodia. It has a total
area of 17,300 km?, of which 9,340 km? is
in Viet Nam. The Se San river has the third-
largest hydroelectric power potential after
the Da and Dong Nai rivers, accounting for
nearly 12% of the total national hydropower
production (as of year 2017). As depicted
in Figure 5.5, the majority of GCMs forecast
increased changes in the annual hydropower
production of the Se San river basin, and the
RCP8.5 emissions scenario imply changes hi-
gher increased change than the RCP4.5 emis-
sions scenario. We project an average change
in the Se San river's annual hydropower of 3%
inarange of -2% to 7 under RCP4.5, and of 7%
in a range of -1% to 10% under RCP8.5 by the
2050s. Average monthly energy production re-
sults also show a more uncertain forecast for
the months of December, January, February,
June, July, and August compared to the other
months under both scenarios. The simula-
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tions for March, April, May, June and August
show a projected change of hydropower pro-
duction in both increasing and decreasing di-
rections within a range of -7% to 5% across the
GCMs and RCPs. For the other months, most
of the GCM and emission scenarios agree on
anincrease in hydropower production within a
range of 1% to 20%.

Lo-Gam-Chay is a trans-boundary basin, which
originates in China and flows through many
north-western provinces of Viet Nam. It is the
second most important hydropower basin in
the North, and accounts for 5.6% of the total
national hydropower capacity. Though there
is no consensus across all 31 models on the
impact of climate change on annual hydro-
power generation in the Lo-Gam-Chay basin,
most models report a growing tendency by the
mid-century. The ensemble median changes
under RCPs 4.5 and 8.5 are +6.6% and +4.0%
respectively. More specifically, an increase
in power generation is expected to be seen
throughout the year, except for December—
February (both RCPs) and May (RCP 8.5).
Generation in April is projected to increase
substantially with middle projections of +25.4%
(RCP 4.5) and +19.2% (RCP 8.5). Meanwhile,
ensemble median changes in January and Fe-
bruary report a decrease by 7.0%—11.0% under
RCP 4.5, and 9.0%—11.3% under RCP 8.5.

The Srepok river basin is also one of the major
tributaries of the Mekong River Basin, origina-
ting in the Central Highlands of Viet Nam, and
flowing down to Cambodia before joining the
Mekong mainstream. The basin has a total
area of 30,900 km?, of which 59% is in Viet Nam
and 41% in Cambodia. The Srepok river basin
also has potential to develop hydropower sta-
tions due to its topographic conditions, with
the total installed hydropower capacity of
730 MW accounting for about 5% of total na-

tional hydropower capacity (as of year 2017).
The ensemble of the 31 GCM simulations un-
der RCPs 4.5 and 8.5 also produce increases
in the Se San river's annual hydropower pro-
duction, which ranges from 3% to 11% under
RCP 4.5 and from 4% to 12% under RCP 8.5
[Figure 5.5]. The median of the 31 CMIP5
mean monthly hydropower generation data
over the Se San river shows increases in the
wet season (from June to December) and de-
creases in the dry season (from January to
May). Results of the projections during the wet
season (especially in August to November)
have the least variance among all the GCM
simulations, and show a significant increase
averaging at 12%. There are relatively high
uncertainties in the projected mean monthly
energy production results in the dry season
(especially in March, April and May) among
the climate models, and the change is within
the range of -25% to 25% for all the GCMs and
scenarios.

Ba river is the largest river in the Central Coast,
flowing through Kon Tum, Gia Lai, Dak Lak and
Phu Yen. Rainfall and water resources are dis-
tributed unevenly in space and time, with com-
peting interests and even conflicts in water
usage recorded in many occasions. Our middle
climate models report an increase between
10.4% and 10.6% in annual hydropower under
RCPs 4.5and 8.5 respectively. However, the un-
certainty range is very wide, with a decrease of
8.8% (RCP 4.5) and 18.8% (RCP 8.5) reported
in the worst case. Ensemble median changes
under both RCPs in monthly generation report
a moderate decrease between February and
May, a substantial increase between october
and December, and a marginal change in other
months.

Several insights from the above analysis merit
further discussion. Though the median results
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suggest a potential increase in hydropower
generation across the country due to more
frequent and intense rainfall, the range of un-
certainty must be taken into account in adap-
tive management. For example, power source
planning should not be over-reliant on any
single point estimate, such as the mean or me-
dian scenarios, but also consider the best and
worst cases, such as wet and dry scenarios co-
vered in our results for all 31 climate models.
Second, as climate change could induce more
extreme weather events such as droughts and
floods and increase the seasonal variability of
river flows, hydropower generation could beco-
me more volatile. As presented in our monthly
analysis for some large basins, the reduction

4. Assessment

of climate change’s
impacts on energy
system

4.1 Introduction

Energy systems can be vulnerable to climate
change. Both energy demand and supply can
be altered by climate change. Warmer win-
ters can reduce space heating demand, and
hotter summers can raise cooling demand.
The supply side of the energy sector may also
experience positive and negative impacts. For
instance, hydroelectricity output may be en-
hanced in some regions thanks to increased
rainfall patterns, but thermoelectric power
may become more vulnerable due to lower
summer flows and higher water temperatures
[Ciscar and Dowling, 2014].

in hydropower generation during the dry sea-
son due to a shortage of water is reasonably
likely to occur. This calls for contingency plans
to avoid power disruption adversely affecting
firms’ performance and household welfare.
Meanwhile, climate-proofing engineering inter-
ventions could be considered to enhance the
resilience of hydropower facilities in the face
of higher risk of severe floods in wet seasons.
Finally, as the impact of climate change tends
to vary across basins, local monitoring is cri-
tical to provide early warnings, while regional
and national coordination and management
could help spatially to smooth out the adverse
consequences of climate risks.

The objective of this section is to assess
the impact of climate change on the energy
system in Viet Nam, focusing on electricity de-
mand and hydropower generation up to 2050,
and to propose adaptation measures in res-
ponse to these impacts.

Two groups of models can be distinguished
for modelling climate impacts on the energy
system: economic and engineering models.
According to the way the energy system is
represented, they can also be named top-
down (economic) and bottom-up (enginee-
ring or techno-economic) models [ Ciscar and
Dowling, 2014 ].

A common feature of the economic models
is that they use a standard economic demand
equation, where energy demand is a function
of energy prices, income and climate variables.
Because the economic models typically use
income and prices as variables, these models
are well-suited for analysing tax and subsidy
policies [UNEP, 1998].
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Engineering models for analysis of the impacts
of climate change typically involve the analy-
sis of demand by end use ( e.g., space heating,
space cooling), using engineering principles.
To assess climate change impacts, only a few
end-uses need to be addressed, which simpli-
fles the analysis. Engineering methods also
can encompass hydrological models of the
effects on hydroelectric generation for river
flows [UNEP, 1998].

Forthis section, the assessmentis based onthe
LEAP model, an engineering model developed
for Viet Nam's energy system. In the LEAP mo-
del, demand for residential cooling from Sec-
tion 2 would be broken down by urban and ru-
ral areas, and hydro power plants are classified
according to river basins in different regions.
To understand the integrated effects on the
whole energy system, we simultaneously mo-
del temperature-induced changes in cooling
demand, leading to changes in the capacity
utilization of power generation and transmis-
sion lines, which themselves are affected by
climate change. The model will use country-
wide temperature and precipitation projections
for the years 2020—2050 under various climate
change scenarios. The differences between
the BAU and climate change impact scenarios
demonstrate the impacts of climate change on
the energy system, in terms of primary energy
consumption and production costs as well as
GHG emissions.

4.2 Methodology and data
assumptions

Methodology

The evaluations conducted for this section
make use of two independent approaches. Re-
gression approaches are used to analyse the

overall impact of changes in temperature and
rainfall on electricity demand and hydropower
production (as shown in Sections 2 & 3 above).
Most of this section looks at modelling that is
performed using a bottom-up energy accoun-
ting approach, using LEAP software.

Firstly, a BAU is developed to outline future
energy demand during 2017-2050, based
on GDP, population projections, electricity de-
mand, fuel mix and costs for power generation,
which are derived from the Power Plan Deve-
lopment (PDP) VIII draft version 05/2021,the
National Master Plan for Energy Development,
and other published documents.

Taking the BAU electricity projection (that is
developed for PDPVIII) as a base, this model
seeks to investigate the impacts of climate
change on the aspects of the economy and
environment over the next three decades.
Two climate change impact scenarios (for
electricity demand and hydropower produc-
tion) have been developed for comparison to
the BAU model. To enable the impacts of cli-
mate changes to be modelled, this model is
supplemented with assumptions on: i) the re-
lationship between temperature changes and
electricity demand:; ii) the relationship between
rainfall and temperature changes, and annual
hydropower production; and iii) what tempera-
ture and rainfall changes will take place under
RCP4.5 and RCP 8.5.

Data and assumption

These climate change impact scenarios
are developed based on Viet Nam's climate
change scenarios combined with forecasts
for electricity demand and hydropower plants
in a warming climate, with the input data and
assumptions as follows:
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Annual average temperature changes (°C) in comparison with the 2017 baseline

[Table 5.5]

2025 2030 2035
RCP 4.5 0.18 0.29 0.41
RCP 8.5 0.31 0.51 0.72

2040 2045 2050 2055
0.52 0.63 0.75 0.84
0.93 1.15 1.39 1.62

Source: Authors’ estimations based on RCPs 4.5 & 8.5 scenarios.

Basic energy and environmental data

In the generation module, data on power ca-
pacity, process efficiencies, capital cost, and
operations and maintenance (O&M) costs
were taken from Viet Nam's Nationally Deter-
mined Contributions for Energy and Transport
Sectors and PDP VIII of Viet Nam.

In other modules (such as natural gas produc-
tion, oil refining, crude oil production, and coal
production), the capacity data and other data
on process efficiencies, capital costs, O&M
costs, and others were referred to the PDP VII|
and other studies or overseas data.

The environmental externality costs are also
included in this study. As yet, Viet Nam has
not officially carried out any study on the
external costs associated with electricity ge-
neration. Due to a lack of sufficient data and
specific evaluations to calculate externality
costs in the power sector, external cost fac-
tors are extrapolated from other relevant
studies in China, including nitrogen oxides
(NOy), sulphur dioxide (S02), and particulate
matter (PMo). The average cost of COz control
is referred from studies in China and Europe
[H.A Nguyen-Trinh and M. Ha-Duong, 2015].

Warming climate data
To generate climate change scenarios for Viet
Nam, we rely on a national climate dataset

(downscaled from outputs of global climate
models) that was developed by the Laborato-
ry for REmote sensing and MOdelling of Sur-
face and ATmosphere (REMOSAT) in chapter
1. Specifically, the bias-correction and spatial
disaggregation technique [ BCSD; Wood et al.,
2002] is used to disaggregate global simula-
tions of 31 models contributing to the CMIP5
experiment under emission scenarios RCP4.5
and RCP8.51to a 0.1 arc-degree resolution. We
then estimate daily temperature for Viet Nam
(from 1980 to 2005 for the historical simula-
tion and from 2006 to 2100 for future simu-
lations) by averaging daily mean temperature
across all grid cells within Viet Nam. The daily
time series is then aggregated by calendar
year to get an annual time series of tempera-
ture over Viet Nam (from 1980 to 2100). This
procedure is applied for each of the models
available through this project.

Relationship between electricity demand

and temperature changes

Changes in temperature will result in changes
of electricity demand. The relationship
between changes in temperature and changes
in electricity demand is defined as the propor-
tionate increase in the quantity of demand per
1°C increase in temperature.

Table 5.5 provides an overview of changes in
annual average temperature using the 2017
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[Table 5.6]

The increase rate of electricity demand due to climate change up to 2050

2025 2030
RCP 4.5 Residential 0.87% 1.41%
Industrial 0.78% 1.25%
RCP 8.5 Residential 1.51% 2.48%
Industrial 1.34% 2.20%

Source: Authors’ estimations.

baseline. We note that each year (as shown
in these exhibitions) was used as the nota-
tion to represent a specific 20-year period. For
instance, “2017 temperature” was averaged
using annual temperature for Viet Nam from
2008 to 2027. Similarly, future temperatures
were also calculated for each of the 20-year
periods (e.g. the 2025 temperature was calcu-
lated from annual temperature from 2016 to
2035).

The increase of average temperatures in cli-
mate change scenarios compared to those in
2017 is the basis for assessing the impacts of
temperature changes on electricity demand in
the period 2017-2050. The evaluative results
on the impacts of climate change on residen-
tial and industrial electricity consumption (as
indicate in Section 2.2) indicate that average
ambient temperature has significant impacts
on electricity consumption. Anincrease of 1°C
in the temperature will result in an increase of
4.86% and 4.31% in residential and industrial
electricity consumption, respectively. With
these evaluative results, by 2050, the additio-
nal increase rate of residential and industrial
electricity demand due to climate change will
be 3.65% and 3.23% according to RCP 4.5 and
6.76% and 5.99% according to RCP 8.5 (see
Table 5.6).

In comparison with 2017

2035 2040 2045 2050

1.99% 2.53% 3.06% 3.65%
1.77% 2.24% 2.72% 3.23%
3.50% 4.52% 5.59% 6.76%
3.10% 4.01% 4.96% 5.99%

Relationship between hydropower

production and rainfall changes

The amount of electricity that can be gene-
rated from hydropower plants depends not
only on the installed generation capacity, but
also on the variation in water inflows to the
plants reservoirs. Higher precipitation could
increase seasonal river flows and water sto-
rage in the reservoir. Thus, rainfall changes
can directly affect hydropower output.

According to the RCP4.5 scenario, at the be-
ginning of the century, annual rainfall will tend
to increase by 5—10% in most of the country.
By the mid-century, the rainfall will likely in-
crease by 5-15% in general. Some coastal
provinces in the Red River Delta, the North
Central Coast and Central Coast may have
rainfall rise by above 20%. As in the RCP8.5
scenario, annual rainfall will likely increase in
most of the country at the beginning of the
century, by 3—10% in general. By the mid-cen-
tury, the increase trend of annual rainfall will
likely be similar to the increase trend of the
RCP4.5 scenario.

The evaluative results on the impacts of cli-
mate change on hydropower production in-
dicate that hydropower production for all the
river basins is projected to increase under
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both RCP 4.5 and RCP 8.5. As shown in Sec-
tion 3.3, the annual production change could
be estimated ranging from -3.5% to +25.7%
with RCP4.5 and from -3.3% to +23.1% with
RCP 8.5 over the future periods in the six main
basins.

4.3 Climate change’s impacts
on the energy system

The results of modelling the impacts of cli-
mate change suggest that, given the assump-
tions we have made above, climate change's
impacts on electricity demand in both the
residential and industrial sectors could re-
sult in a significant increase in electricity de-
mand. However, climate change impact on
hydropower production suggests that climate
change has little or even a positive impact on
hydropower generation. Under the climate
change scenarios (RCP 4.5 and RCP 8.5),
the additional increase in electricity demand
(from BAU scenario) is much higher than the
additional increase in hydropower genera-
tion, resulting in increased fuels and costs for
power generation, as well as primary energy
supply and GHG emissions.

Increase in primary energy supply

Electricity demand significantly increases
from the BAU scenario, due to the increase
of temperature, ranging from 2.8% to 5.2% by
2050 under RCP4.5 and RCP8.5 scenarios,
respectively. These increases result in corres-
ponding increases of primary energy supply
(due to the increase of input fuels for power
generation) of 1.3% and 2.4% under RCP4.5
and RCP8.5, respectively. If the whole period
from 2017 to 2050 is examined, the total cu-
mulative additional increase of primary en-
ergy demand will show a large and rapid in-

crease, from 1.7 Mtoe and 2.9 Mtoe by 2025
to 60.6 Mtoe and 108.7 Mtoe by 2050 under
RCP4.5 and RCP8.5, respectively. These ad-
ditional increases are mostly fuels used for
power generation, to meet the additional in-
crease of electricity demand due to climate
change.

Contrary to the electricity demand due side,
the increase in precipitation due to climate
change will drive an increase in electricity ge-
neration output from hydropower. However,
this increase is negligible and similar in both
scenarios RCP4.5 and RCP8.5, ranging from
0.04% to 0.13% of BAU's electricity generation
output during the period 2017-2050. This in-
crease in electricity generation output results
in the decrease of other substitute fuels used
for power generation, and thus decreases the
appropriate primary energy supply demand.
The total cumulative decrease of other subs-
titute fuels will be modest, with 7.1 Mtoe and
6.4 Mtoe by 2050 under RCP4.5 and RCP8.5,
respectively. This decrease of primary energy
supply is smaller than the additional increase
in primary energy supply due to the impacts
of climate change on electricity demand. On
the energy system aspect, the impacts of cli-
mate change on the energy system will cause
a significant and rapid increase of primary
energy demand, with a cumulative additional
increase from 0.9 Mtoe and 2.4 Mtoe by 2020
to 53.5 Mtoe and 102.3 Mtoe by 2050 under
RCP4.5 and RCP8.5, respectively [ Figure 5.6 ].

Increase in emissions from
the power generation sector

As aresult of the impact of climate change on
electricity demand, the additional increase in
fuels for power generation results in additio-
nal emissions increases from the power sec-
tor from 1.9% to 3.6% by 2050 under RCP4.5
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[Figure 5.6]

Cumulative total primary energy supply demand up to 2050, CCI scenarios v.s BAU
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and RCP8.5, respectively. For the whole period
2017-2050, the total cumulative additional
increase of emissions in the power sector will
be significant, with 161.9 MtCO2e and 288.3
MtCO2e by 2050 under RCP4.5 and RCP8.5,
respectively.

Contrary to electricity demand, the decrease
of other substitute fuels used for power gene-
ration due to the increase in electricity gene-
ration output from hydropower under climate

change scenarios results in the decrease of
CO2 emissions from the power sector. The to-
tal cumulative decrease of CO2 emissions from
hydropower production will be modest with
43.0 MtCO2e and 38.6 MtCO2e by 2050 under
RCP4.5and RCP8.5, respectively. This decrease
in emissions from hydropower is smaller than
the additional increase in CO2 emissions due to
the impacts of climate change on electricity de-
mand, and with respect to the energy system
aspect, the impacts of climate change on the

CHAPTER 5| A RESILIENT ENERGY SYSTEM TO CLIMATE CHANGE 1261

[Figure 5.71]

Cumulative increase emissions in power sector, CCl scenarios v.s BAU
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energy system will cause a significant increase
in CO. emissions, with a cumulative additional
increase of 118.8 MtCO2e and 249.7 MtCO2e
by 2050 under RCP4.5 and RCP8.5, respec-
tively [ Figure 5.71].

Social cost impact of CCl scenarios

The increase in electricity demand as a result
of climate change scenarios results in an in-
crease in the costs for power production, in-
cluding fuel costs and O&M costs, as well as
additional external costs of GHG emissions.
The calculation results [ Figure 5.8 ] show that
the total cumulative costs of CCls on electri-

city demand under RCP4.5 and RCP8.5 in the
2017-2050 period (discounted at 10.0%) are
approximately USS 4,227.1 million and US$S
7,675.3 million, respectively: imported fuel
costs account for most of that (at least 80%)
in both CCls, while the remainder represents
external costs of GHG (around 10%), and
operation and management costs for power
generation (see Table 5.7 for more details). On
the other hand, the increase in electricity pro-
duction for hydropower due to CCl scenarios
results in a decrease in other input fuels and
thus in the costs of power generation, inclu-
ding costs for fuels and O&M costs, as well as
additional external costs of GHG emissions.
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[ Figure 5.8]

The results of social-economic impact of climate change on energy system
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The calculation results [ Figure 5.8 ] show that
total cumulative decreased costs of CCls on
hydropower production under RCP4.5 and
RCP8.5 in the 2017-2050 period (discounted
at 10.0%) are approximately USS 1,121.8 mil-
lion and USS 948.7 million, respectively: im-
ported fuel costs account for most of that (at
least 80%) in both CCls, while the remainder
represents external costs of GHG (around
10%), and operation and management costs
for power generation.

The decrease in hydropower's social costs is
smaller than the additional increase in social
costs due to the impacts of climate change
on electricity demand, and with respect to the
energy system, the impacts of climate change
on the energy system will cause a significant
increase in social costs, with a cumulative ad-

ditional increase of USS 3,105.3 million and
USS 6,726.5 million by 2050 under RCP4.5
and RCP8.5, respectively. In both RCP4.5
and RCP8.5, the additional fuels are mostly
imported fuels for power generation, which
increases dependency on fuel imports and is
thus a threat to national energy security.
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5. Proposed
adaptation measures
responding to climate
change

As analysed above, the impacts of climate
change on the energy system can raise elec-
tricity demand, mostly for cooling uses, which
is likely to lead to an increase in fuel consump-
tion, costs and GHG emissions in power ge-
neration. The decreased use of electricity for
cooling uses through the promotion of more
efficient air conditioners and other electri-
city-efficient devices may mitigate these im-
pacts of climate change on electricity demand.
Similarly, the development of other alternative
renewable electricity sources to reduce GHG
emissions could be potential measures to res-
pond to climate change.

The proposed adaptation measures res-
ponding to climate change are based on a
cost-benefit analysis of the technological
responses to climate change that are selec-
ted, including: Residential energy efficiency
air conditioning (EE-AC), residential high effi-
ciency refrigerators (EE-R), residential energy
efficiency lighting (EE-L), solar photovoltaic
power plants and wind power plants.

This section focuses on the cost-benefit ana-
lysis of EE and renewable energy (RE) techno-
logies, based on basic assumptions and input
data.

5.1 Basic assumptions

On the demand side, it is assumed that EE
technologies such as residential air conditio-
ning, residential refrigerators and residential

lighting will penetrate at high rate — at least
75% in rural areas and 90% in urban areas —
and that EE technologies in the industrial sec-
tor will help save around 5.0% and 6.5% of en-
ergy demand by 2030 and 2050, respectively.

On power generation, solar PV and wind tech-
nologies are expected to achieve 50,000 MW
and 40,000 MW respectively in 2050, repla-
cing imported coal power plants (as referred
from PDPVIII-Base case scenario).

Data on the economic and technical specifica-
tions of each EE and RE technology option are
taken from WB's study and Viet Nam's Natio-
nally Determined Contributions for Energy and
Transport Sectors.

5.2. Social costs and benefits of
proposed adaptation measures

Table 5.7 presents a summary of the results
of the social-economic impact of climate
change and adaptation measures in response
to climate change, including costs and bene-
fits of the impacts implemented in the 2017-
2050 period (discounted at 10% ), GHG emis-
sion reduction potentials and cost of avoiding
GHGs.

From the calculation results [ Table 5.7 ], some
comments can be drawn, as follows:

» The calculations show that the total additio-
nal investment costs for wind power plants
is US$14,368.6 million, while it can save USS
13,150.4 million by economising fuel for power
generation and reduce 1,521.5 MtCO2e at an
abatement cost of USS 0.8/tC02e. As for the
economic aspect, the total investment cost is
slightly higher than benefits, but this option
is a good mitigation option with great GHG
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[Table 5.7]
The results of social-economic impact of climate change and technology
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6. Conclusions and
Recommendations

6.1 Conclusions

Climate change is likely to have a significant
impact on Viet Nam's energy system. All other
things being equal, each additional degree
Celsius is estimated to increase electricity
consumption among households by 4.86%,
and firms' energy demand by 4.31%. These si-
gnificant effects, compounded with an expec-
ted 5-6% economic growth rate per annum,
will put great pressure on the electricity gene-
ration sector in the long term.

On the supply side, projected changes in hydro-
power production across several river basins
due to climate change have been investigated.
Hydropower production displays a generally
positive relationship with precipitation levels.
However, the range of projections for annual
as well as monthly hydropower generation im-
pacts is wide and uncertain. In addition, while
the climate models largely agree on anincrease
in future annual hydropower production across
the basins, there are several months (mostly
in the dry season), where the models disagree
over whether there will be more or less hy-
dropower production in future. The high uncer-
tainty in our projections is a result of various
uncertainties arising from using downscaled
GCM simulations, and propagating them
through the subsequent hydrological and hydro-
power modelling processes which challenge
power, social and economic planning.

For the whole energy system, we find that cli-
mate change causes considerable negative
effects on electricity demand, but brings posi-
tive effects on hydropower in terms of electri-
city production.

For hydropower production, electricity gene-
ration output will increase in comparison with
BAU scenario, due to increased rainfall under
climate change scenarios. However, this in-
crease is negligible and similar in both scena-
rios RCP4.5 and RCP8.5, ranging from 0.04%
t0 0.13% of BAU's electricity generation output
during the period 2017-2050. This increase in
electricity generation output reduces demand
for fuels for power generation, as well as de-
creased GHG emissions. However, all these
decreases are small and negligible compared
to the damage and losses caused by the cli-
mate change impacts on other areas.

Electricity demand is significantly increased
from the BAU scenario due to the increase
of temperature, ranging from 2.8% to 5.2% by
2050 under RCP4.5 and RCP8.5 scenarios,
respectively. These increases result in corres-
ponding increases of primary energy supply
(due to the increase of input fuels for power
generation) from 1.3% and 2.4%, as well as
GHG emissions from power generation from
1.9% to 3.6% by 2050 under RCP4.5 and
RCP8.5, respectively.

The total cumulative costs of climate change
impacts on electricity demand in the 2017-
2050 period range from USS 4,227.5 million to
USS 7,675.3 million, with cumulative additional
emissions of 161.9 MtCO2e and 288.3 MtCO2e
under RCP4.5 and RCP8.5 respectively. This
number will be greater if we take into account
the impacts on other areas, such as commerce,
transportation, and thermal power production.
We leave these additional aspects to the end of
the project.
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6.2 Recommendations

As analysed above, the impacts of climate
change on the energy system will increase
electricity consumption for air conditioners,
which is likely to lead to an increase in fuel
consumption, costs and GHG emissions in
power generation. The decreased use of elec-
tricity for air conditioners through the pro-
motion of more efficient air conditioners and
other electricity-efficient devices may mitigate
these impacts of climate change. Research at
the global scale has suggested that climate
change has little or even a positive impact on
hydropower generation [ Kumar et al,, 2011].
Our quantitative assessment confirms a simi-
lar tendency for Viet Nam at a national scale.
However, local impacts are shown to vary
across the country. Hydrological processes
in many basins are likely to be altered. In ad-
dition, the disagreement in results between
different carbon emission scenarios and
climate models highlights the risks associa-
ted with the larger uncertainty introduced
by climate change, which challenges power,
social and economic planning.
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