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Abstract. Currently, Vietnam‘s energy source structure is being changed by which renewable energy
sources play more important role to meet the electricity demand and reduce greenhouse gas emissions from
fossil energy sources. Vietnam's energy development strategy determines to build some renewable energy
centers, of which Ninh Thuan is the first province designated to become a national renewable energy center.
This is based on Ninh Thuan’s endowment as a province having the largest renewable energy potential in
Vietnam. Development of a large renewable energy center allows power system planners to overcome the
mismatch in timescales associated with developing transmission power grid and renewable energy
generation. Besides, renewable energy center can facilitate a significant pipeline of large-scale renewable
energy and storage projects. However, Ninh Thuan province is far away from the major load centers of
Vietnam so the calculation and analysis of economic indicators need to be studied. This paper will present
the results of the analysis of economic indicators of major renewable electricity sources in Ninh Thuan
(onshore wind power, offshore wind power, solar power) to provide scientific arguments for developing a
renewable energy center in Vietnam. Also the paper addresses the problem of the large-scale penetration of
renewable energy into the power system of Vietnam. The proposed approach presents the optimization of
operational decisions in different power generation technologies as a Markov decision process. It uses a
stochastic base model that optimizes a deterministic lookahead model. The first model applies the stochastic
search to optimize the operation of power sources. The second model captures hourly variations of
renewable energy over a year. The approach helps to find the optimal generation configuration under
different market conditions.

1 Introduction

The overall global renewable power capacity increased
to around 2,378 GW by the end of 2018 and achieved
more than 33% of the world’s total installed power
generating capacity [1]. An estimated new renewable
power capacity of 181 GW was installed worldwide in
2018, in which, the total capacity of solar power
accounted for 55% of renewable capacity additions,
followed by wind power (28%) [1]. The power system
can receive a large proportion of renewable energy
without using fossil fuels and nuclear power with the
role of running "baseload", based on the flexibility of the
electricity system, power grid connection, advanced
technology solutions such as ICT (Information and
communications technology), power storage systems and
virtual power plants. It is not only helping to balance the
change in the electricity generation stage but also
optimizes the power system and reduces generation
costs. As a result, some countries successfully control
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peak loads or surpassing the target of 100% of electricity
produced from renewable energy.

There is a huge difference between renewable energy
centers (wind and solar power) and traditional power
centers such as a thermal power center in a national
power system.This is because the peculiarities of its
primary energy source. When developing a thermal
power center, the preferred conditions for choosing a
location are near large load centers or strong power grid
or infrastructure (coal ports, for example). In the case of
the renewable energy (RE) center, the preferred
condition is the geographical areas with high solar
radiation or good wind speed and efficiency in land use.
This leads to the challenges of synchronizing and
optimizing the transmission and distribution grids so that
RE resources can be fully utilized in the considered
geographical areas to reduce transmission losses as the
load centers are usually far from the RE source. Some
countries have been building large RE centers such as
Asia RE Hub - AREH [2] in Western Australia and RE
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Zone [3] of Texas, USA. A large RE center (RE Hub or
RE Zone) is a geographic area supporting cost-effective
renewable energy (RE) development, including high-
quality RE resources, suitable topography, and strong
developer interest. Development of a large RE center
allows power system planners to overcome the
difference in timescales associated with developing
transmission power grid and RE generation. Besides, RE
Hub or RE Zone can release a significant pipeline of
large-scale renewable energy and storage projects.

Vietnam's electricity consumption increased steadily
in recent years, from 90 TWh in 2010 [4] to 227 TWh in
2019 [5], with an annual growth rate of about 11 %/year.
At the same time, the power system's maximum installed
capacity also raised from about 20000 MW in 2010 [5]
to about 55000 MW in 2019 [6]. It is forecasted that
Vietnam's electricity demand will achieve about 570
billion kWh by 2030 [7]. Currently, Vietnam is changing
energy source structure, in which potential renewable
energy sources play an important role to meet the
electricity demand and reduce greenhouse gas emissions
from fossil energy sources. It is expected that the solar
power would reach 4,000 MW in 2025, and 12,000 MW
by 2030 while the wind power ‘s capacity may increase
to 2,000 MW by 2025, and 6,000 MW by 2030 [8]. The
actual installed solar power capacity at the end of 2019
reached about 5,6 GW [9] while a total wind power
capacity installed about 425 MW [10]. The feed-in-
tariffs (FIT) for solar and wind power project were
introduced at 7.09 cent$/kWh for ground-mounted PV
project and 7.69 cent$/kWh for floating solar projects
[11], 8.5 cent$/kWh for onshore wind and 9.8
cent$/kWh for offshore wind [12].

Vietnam's energy development strategy determines to
build some renewable energy centers, of which Ninh
Thuan is the first province designated to become a
national renewable energy center as the province has the
largest renewable energy potential in Vietnam. The
national renewable energy center established in Ninh
Thuan will play an important role in supporting the
development of the renewable power industry in
Vietnam.

However, Ninh Thuan province is distanced from the
major load centers of Vietnam so the calculation and
analysis of economic indicators need to be studied. This
paper will present the results of the analysis of economic
indicators of major renewable electricity sources in Ninh
Thuan (onshore wind power, offshore wind power, solar
power) to provide scientific arguments for developing a
renewable energy center in Vietnam.

2. Potential of solar and wind energy
source in Ninh Thuan province

2.1. Geographical site

Ninh Thuan, located in the southern part of Vietnam
Central Coastal region, borders Khanh Hoa in the north,
Binh Thuan in the south, Lam Dong in the west, East sea
in the East.

The province has total natural surface of 3,360 sq.
kilometers, 7 administrative units including 1 city and 6
districts. The city of Phan Rang - Thap Cham, as
provincial city, constitutes a political, economic and
cultural center of the province, distant from Hochiminh
City by 350 km, from international Cam Ranh airport by
60 km, from the city of Nha Trang by 105 km and from
Da Lat by 110 km with favorable conditions for
circulations in service of socio-economic development.

2.2. Solar energy potential

Ninh Thuan is located in an area with the annual
average solar radiation of about 5.5 kWh/m2.day, the
average number of sunshine hours is about 2,600-2,800
hours per year (equivalent to 200 sunny days/year), and
a total solar power installation scale of about 1,500 MW.
In Ninh Thuan, the area of Ninh Phuoc district and
Thuan Nam district where having large solar energy
potential can be effectively exploited [13].
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Fig 2. Installed solar power capacity in Vietnam [6]
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Until August 2019, the number of completed solar
power projects in Ninh Thuan was highest in Vietnam
with the total installed capacity of about 1032 MW [6].

2.3. Wind energy potential

Ninh Thuan province also has the largest wind power
potential in Vietnam with the annual average wind speed
of about 7m/s at the height above 65m. The whole
province has 14 potential wind regions with about 8,000
ha, concentrated mainly in three districts of Ninh Phuoc,
Thuan Nam and Thuan Bac. Especially, storms in Ninh
Thuan is not much and the wind blows steadily for 10
months at a speed of 6.4 - 9.6 m/s, ensuring stability for
wind power development. The technical wind power
potential and the highly feasible area of Ninh Thuan are
1,442 MW with 21,642 ha [14].
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Fig 3. Wind energy potential in Vietnam [15]

Up to August 2019, Ninh Thuan achieved the largest
number of commissioned wind power projects in
Vietnam with the total installed capacity of about 109
MW as shown in Figure 4 [6].

2.4. Methodology

In this study, the electricity of solar farm is calculated by
using PVSYST program [16, 17] while the output from
wind turbine is determined by using design data of wind
farm projects in planning of wind power development in
Ninh Thuan [14].

The economic potential was determined by considering
the annualized investment costs and the annual O&M
costs. The goal is the calculation of the minimum Feed
in tariff (FIT) level. Currently, the level of FIT can be
calculated on the basis of a calculation of the levelized
cost of electricity (LCOE) produced from renewable
energy (RE) projects [19]. By which, the investor can

recover the different costs (capital, O&M, fuel,
financing) while realizing a return on his investment that
depends on the assumed financing costs.

LCoE has been utilized to assess the average lifetime
costs of providing one MWh for a range of power
production technologies or power savings. The cost
elements comprising the LCoE include investment costs,
fuel costs, operation and maintenance costs,
environmental externalities and system costs for solar
and wind power plants. LCoE is given by the following
formula:

n
— Y (1 +5Mt + Ft,

E t
1+ (1

In which:

Ii: investment cost by the year t

M;: Operation and Maintenance cost by the year t
F.: Fuel cost by the year t

E:: Electricity production by the year t

r: discount rate

n: project lifetime (year)
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Fig 4. Installed wind power capacity in Vietnam [6]

2.5. Results

The key parameters are used for the calculations are
shown in Table 1.

Table 1. Input parameters

Ground- Onshore Offshore
Parameters mounted wind power | wind power
PV power P P
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Initial
Investment
Cost ($)

25,278,015 53,892,216 66,723,695

Operations
and
Maintenance
Costs ($)

126,390 1,077,844 1,334,474

O&M Growth

Rate (%) 2 2 2

Capacity

(MW) 30 30 30

Annual
Electricity
Output
(MWh)

48,450" 73,584 86,724

Project
Lifespan 25 25 25

(years)

Discount Rate
(%)

*Note: Power degradation of solar power is no more than 2.5%
in the first year, thereafter 0.7% per year until 25" year.

The LCOE or minimum FIT of major renewable
electricity sources in Ninh Thuan (onshore wind power,
offshore wind power, solar power) is evaluated in Table
2.

Table 2. Economic indicators calculation

Ground- Onshore Offshore
Parameters mounted wind power | wind power
PV power P P
Net present 27,074,753 | 69,214,650 | 84,046,360
value (NPV) (§) T i -
LCOE
(centsUS/kWh) > 0 52

®Min FIT (centsUS/kWh)  ® Vietnam FIT (centsUS/kWh)

(cents/kWh)
o

[

0

Solar power Onshore wind power | Offshore wind power
Min FIT (centsUS/kWh) 51 79 [
Vietnam FIT (centsUS/KWh) 7.09 85 9.8

Fig 5. Minimum FIT versus Vietnam FIT

Figure 5 presents the comparison results between
minimum FIT of onshore wind power, offshore wind
power, solar power projects in Ninh Thuan with existing
Vietnam FIT of these projects in Vietnam. The min FIT
of onshore wind power in Ninh Thuan is closer with
Vietnam FIT than solar power and offshore wind power.

3. Generation expansion planning

The planning models are the traditional tool to analyse
future developments in the energy sector. The capacity
planning problem in the power systems has been divided
into demand forecasting, distribution expansion

planning, transmission expansion planning, and
generation expansion planning (GEP). For each capacity
planning problem, the time horizon can be divided into
long-term, medium-term, or short-term studies [20].
Short-term planning is associated with day-to-day
system operation. Medium-term planning involves the
maintenance of system assets. Long-term planning
relates to new capacity additions [21].

GEP is a power plant mix problem that identifies types,
location, and construction time of new generation
technologies, which should be added to the existing
system in order to meet the power demand over a
specific planning horizon [20, 22]. The contemporary,
systematic, and robust GEP should consider [23]:

e Integration of electric vehicles in power
systems,

e Integration of short-term operational aspects
into decision making,

®  Power and fossil fuel systems interdependence,

* Energy storage and demand-side impacts on
GEP,

e Policy implications on power investments,
highlighting the role of supply of security.

The GEP models can be classified according to time
horizon (static and dynamic), handling of uncertainties
(deterministic and stochastic), network topology (the
single-node or centralised and network constrained), and
market structure (regulated and deregulated) [20].

The GEP is usually an optimisation problem in which
the aim is to distinguish the optimal size, type of
generation unit, and commitment time of new generating
facilities so as to satisfy the power demand at least cost
over a planning horizon [20].

3.1. Generation expansion planning with high
share of renewable energy

The RE resources create for the power systems’
operation some operational challenges for GEP due to
the following feature of their stochastic nature [24-26]:

e RE variability requires flexible generation that
can ramp up and down quickly,

e The intermittency makes the output from RE
sources uncertain.

e Power quality and voltage stability issues
connected with RE variability that needs to be
assessed, controlled, observed and mitigated
appropriately,

These three aspects (variability, intermittency, and grid
stability issues) necessitate a paradigm change in GEP
models that assess the impact of increased penetration of
RE [27-29]. Traditional GEP models have mostly
focused on the conventional power plant whose
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operation and planning can be easily conducted by
varying fuel inputs to match variability on the load side
[20, 30]. To address the operational challenges the grid
might require additional levels of reserves [31-33].
Another way to mitigate these challenges is the adoption
of storage units [34-36].

There are a lot of works that have included the
integration of RE sources in GEP problem [37-42].

3.2. Generation expansion planning with high
share of renewable energy

The RE resources create for the power systems’
operation some operational challenges for GEP due to
the following feature of their stochastic nature [24-26]:

¢ RE variability requires flexible generation that
can ramp up and down quickly,

e The intermittency makes the output from RE
sources uncertain.

e Power quality and voltage stability issues
connected with RE variability that needs to be
assessed, controlled, observed and mitigated
appropriately,

These three aspects (variability, intermittency, and grid
stability issues) necessitate a paradigm change in GEP
models that assess the impact of increased penetration of
RE [27-29]. Traditional GEP models have mostly
focused on the conventional power plant whose
operation and planning can be easily conducted by
varying fuel inputs to match variability on the load side
[20, 30]. To address the operational challenges the grid
might require additional levels of reserves [31-33].
Another way to mitigate these challenges is the adoption
of storage units [34-36].

There are a lot of works that have included the
integration of RE sources in GEP problem [37-42].

3.3. Decision-making in energy planning

Most of the decisions to be made by energy sector
decision-makers are fed by information which is usually
subject to uncertainties [43]. There are different types of
uncertainty: Gaussian noise, heavy-tailed distributions,
bursts, rare events, temporal uncertainty, lagged
information processes, and model uncertainty [44]. The
combination of the uncertainty types with decisions that
may be binary, discrete, continuous or categorical, scalar
or vector creates a virtually unlimited range of problems
[45].

There are much uncertainty handling methods
developed for dealing with uncertain parameters:
stochastic, possibilistic, hybrid and etc. The main
difference between them is a way they choose to
describe the uncertainty of the model’s inputs. And they
are similar in the attempt to quantify the influence of
inputs on model’s outputs [46].

3.3.1 Problem formulation
Our approach for solving GEP problem is based on the
stochastic optimization framework [45, 47] that divides
decision-making into the following five components:
states, actions, exogenous information, transition
function and objective function. Similarly to [48, 49], the
proposed approach presents the optimization of
operational decisions in GEP as a Markov decision
process. It uses a stochastic base model that optimizes a
deterministic lookahead model. The first model applies
the stochastic search to optimize the operation of power
sources and the second model captures hourly variations
of RE over a year.

The simplified structure of the energy sector of
Vietnam is represented as a network G =(N,4),

where N s the set of the nodes and A is the set of
arcs. The node I
and/or supply of energy, and the arc (i,j) Ais a

N represents a point of demand

transmission line.

A set of power generation technologies () consists
of two subsets: fossil fuel-fired facilities and RE sources.
R denotes the RE subset. The fossil fuels constitute the
set . g (O is a power generation technology and
k F is a fossil fuel. T is the number of periods

(hours) in the planning horizon where / 7 is a time

period.

3.3.2 The base model
The base model is intensively based on the work [50].
The additional objectives and constraints are adopted
from studies [51-53].

The current state of the Vietnamese energy sector in
the period ¢ may be represented as

s,=(d h

ir> " igt>

bo.0..p, )i Ng Rk Fi T
®)
where d,, is the load/demand (MW) at the node 7 in the
period 7, hm, is the corresponding hourly capacity
factor for each RE technology ¢ in the node 7 during
the period 7, b, is the local production (kTOE) of the
fuel £ in the period Z, 0, is the cost ($/kTOE) of the
fuel & import in the period 7, p, del,.,hlq,.,bk,.,okﬂ)

is forecast for t'> 1 .
The decisions variables in the period 7 may be
represented as

5 =gy Ji NG Ag Ok Fuo T
(6)
where g, is the generation amount (MW) of the

technology ¢ at the node £ in the period Z; X;; 1is the
flow (MW) through the arc (i, j) in the period Z, and
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v, is the unmet demand (MW) at the node £ in the

it
period Z.
The set of feasible decisions in the period Z is
defined by the following constraints:
® Node power balance equation: the generation
plus flow from other nodes is equal to the sum
of demand, shortage and flow to other nodes at
the node i € N in the period
X - X +
G a4 g0

glql :dlf + Vil (7)

e Fossil fuels demand in the period 7: The fuel &
will be either imported or taken from local
markets

qu glql ukf + bkf 5 k F’ t
i Ng O

T (®)

where  w,is the consumption of fuel
(KTOE/MW) for the technology ¢ in the period
z

e Power generation limit on each conventional

technology in the node during the
period
Ly Vsl N,g O\R1 T.9

where ), is the total capacity (MW) of the

technology ¢ at the node ¢ in the period 7.

e  Power generation limit on each RE technology
< in the node during the period

giql hiquiqf;i N:q er T (10)
e Power transmission limit on each arc {7 ) in
the period

xijr pyra(lrj) Arl T(ll)

*  Nonnegativity: no negative values are permitted
for the decision variables

Eigrs Xije> Ui Vig 0,(12)

N.g O.Gj) 4.k F,

where I
andt T .

The transition from the state S, to the successor state

S, 1s determined by the function sM

M
S, =S (S X W,H),[ T, (13)

277>

where W, is uncontrolled exogenous process defined

as the random wvariables that capture the stochastic
updating of wind, solar, demand and cost forecasts. The

h_.b

W, is modeled as changes of d,,, /1, , by, ,

and 0, .

The total cost of the energy sector functioning S,

over the period £ consists of operation and transmission
costs, environmental impact, imports of fuel, and unmet
demand cost:
® Operational and transmission costs: this
objective function is defined as the total present
value sum of the operation and maintenance
costs

£le)=

i Ng O

qiquiqf ‘ (14)

In this objective, g,, is the operation and
maintenance cost ($/MW) of the technology ¢

at the node £ in the period 7.
® Fossil fuel import: the goal is to minimize the
total amount of fuel imports

fZ (t) = Oty - (15)

k F

¢  Unmet demand: the goal is to minimize the total
power shortage

£le)= v, (16)
i N
where /, is the cost ($/MW) of not satisfying the

demand in the period Z.
The total cost over the period Z may defined as

s )= £). an

The policy represented by the function X, (ST)
makes hourly planning decisions and returns the feasible
decision X, for any system state §,. The overall goal of
the stochastic base model is to find the best policy. Since
S, is a random variable, the objective function would be
written as the minimization of the expected sum of total
cost over the entire time horizon 7'

min e c(s,,x, (s,)). (18)
t T

3.3.3 The lookahead model
The deterministic model is the policy x,L 4 (S, | ) with

the lookahead horizon as the tunable parameter [49].
It determines the decisions by solving the optimization
problem

t+ 3
arg min

X

/i (t'), (19)

t'= 14
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where the set of feasible decisions X, is defined by

constraints  (5)-(19)  for  each ' with
t t'<t+min(T-1¢, ).

The solving the lookahead model in (19) is not an
optimal policy but it helps obtain robust behaviour by

tuning  using the base model.

3.4. Parallelization

Finding the optimal solution of the GEP problem can
require running some hundreds evaluations of the total
yearly cost [48]. Each evaluation is expensive
computationally, since it solves a linear program that
looks into the future for each hour in a year (i.e. 8760
rather big linear programs).

The future implementation of the proposed approach for
solving GEP problem will use parallelization as a base
feature to provide these evaluations. The approach will
be implemented on the top of PARMONC - the library
of easy-to-use programs that was implemented on high-
performance clusters of the Siberian Supercomputer
Center. The main features of the PARMONC are as
follows:

. it is suitable for the massively parallel stochastic
simulation for a wide range of applications,

. it is a software framework to parallelize stochastic
simulation to be applied without knowledge of MPI
language.

The PARMONC effectively launches stochastic
simulation on  supercomputers  with  different
architectures. Also, it is scalable from current
supercomputers to more powerful ones up to future
exaflop supercomputers.

For example, each yearly assessment can be represented
as 12 separate monthly evaluations, if a special
distributed computing environment with parallel
generator of pseudorandom numbers [54] is used.

4. Conclusions

In this study, the potential of solar power and wind
power in Ninh Thuan province were presented with the
annual average solar radiation of about 5.5 kWh/m?2.day
and wind speed of 6.4 - 9.6 m/s.

The economic indicators calculation shows that the
minimum FIT of onshore wind power, offshore wind
power, solar power projects in Ninh Thuan were lower
than current Vietnam FIT. The gap between minimum
FIT and Vietnam FIT of onshore wind power was
smaller than offshore wind power, solar power projects.

The proposed generation expansion planning approach
presents the optimization of operational decisions in
different power generation technologies as a Markov
decision process. It uses a stochastic base model that

optimizes a deterministic lookahead model. The first
model applies the stochastic search to optimize the
operation of power sources. The second model captures
hourly variations of renewable energy over a year.

The approach helps to find the optimal generation
configuration under different market conditions. Also,
the approach takes into account the following types of
constraints: flow balance constraints in the network with
demand covering, power generation and transmission
limit, availability of local fossil fuels production, system
reliability requirements, maximum and minimum shares
of RE resources, and energy supply security
requirements.
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