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Optimal Allocation of Static VAr Compensator for
Active Power Loss Reduction by Different Decision
Variables
S. Auchariyamet and S. Sirisumrannukul

Abstract— An optimization technique based on particle swarm optimization (PSO) algorithm is developed in this paper
to determine the optimal allocation of static VAr compensator (SVC) in transmission systems. The objective function is
to minimize the total system active power loss. In the optimization process, either SVC reactive power or voltage at SVC
connection point can be entered into a decision variable to define the optimal sizes of SVC. A case study is conducted
with a modified IEEE 14-bus system. The effectiveness of the proposed technique is demonstrated by the obtained
optimal solutions which satisfy all the specified constraints while keeping the total system active power loss at
minimum. The test results also reveal that both SVC reactive power and voltage at SVC bus can provide similar
strategies for optimal SVC placement when they are applied as the decision variable. The differences between using
these two variables are the information of SVC required for computation and power flow solution to be performed in
the solution algorithm. In addition, the economic benefit of optimal SVC allocation for active power loss reduction is
evaluated using the energy loss cost and the investment cost of SVC.
Keywords— FACTS devices, Loss reduction, Particle swarm optimization, Static VAr compensator, SVC.

1.

INTRODUCTION

Flexible AC Transmission System (FACTS), as defined
by IEEE, is an alternating current transmission system
incorporating with power electronic-based devices or
other static controllers to enhance the performance of the
transmission network [1]. Two basic objectives for the
applications of FACTS are to increase power transfer
capability and to control power flow of the transmission
system. The achievement of these two objectives
significantly increases the efficient utilization of the
existing facilities in the transmission network. In general,
FACTS devices or FACTS controllers can improve
controllability and increase power transfer capability of
the transmission system by controlling of one or more
AC transmission system parameters, e.g. voltage
magnitude, phase angle, line impedances.
Nowadays, many types of FACTS devices are
practically applied to transmission networks; such as
static synchronous compensator (STATCOM), static
VAr compensator (SVC), thyristor controlled series
capacitor (TCSC), thyristor controlled phase shifting
transformer (TCPST), unified power flow controller
(UPFC). Their basic applications, for example, are
voltage control, power flow control, reactive power
compensation, increase of transmission capability,
system stability and security improvement, power quality

The authors would like to express his grateful thanks to Ministry of
Science and Technology (MOST)-Thailand, Coordinating Center for
Thai Government Science and Technology Scholarship Students
(CSTS)-Thailand and Thailand Institute of Scientific and
Technological Research (TISTR) - Thailand for their supports.
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with Department of Electrical Engineering, Faculty of Engineering,
King Mongkut’s University of Technology North Bangkok, 1518,
Pibulsongkram Rd., Bang Sue, Bangkok, 10800, Thailand. Phone: +6681-930-0211; E-mail: suwit@tistr.or.th and spss@kmutnb.ac.th.

improvement, and power conditioning [2]. This paper
only focuses on one commercial shunt type FACTS
device, namely, SVC due to its advantage on rapid and
continuous response to improve the performance of the
network.
The SVC is a shunt connected static generator or
absorber whose output is adjusted to exchange capacitive
or inductive current so as to maintain or control specific
parameters of the electrical power system, typically bus
voltage [1]. By the definition, the SVC behaves like a
shunt-connected variable reactance, which either
generates or absorbs reactive power in order to control
voltage at the point of connection [3].
The SVC is primarily for reactive power compensation
to provide power loss reduction and voltage profile
improvement. To achieve such benefits, it is necessary to
simultaneously determine the optimal numbers,
locations, and sizes of SVC. The SVC placement
problem, therefore, is a large scale combinatorial
optimization problem which mathematically formulated
with continuous and discrete variables as well as
discontinuous, non-differentiable and
non-linear
equations. With such a feature of the problem, the
conventional optimization algorithms find it difficult to
seek for the optimal solution.
An efficient tool to solve this type of problem is
heuristic methods. The searching process of a heuristic
method finds better solutions by moving from one
solution to another solution using appropriate rules.
Several heuristic methods have been developed to handle
difficult optimization problems in science and
engineering fields. Among them, popular methods are
genetic algorithm (GA) [4], tabu search (TS) [5],
simulated annealing (SA) [6], and particle swarm
optimization (PSO) [7].
GA is based on natural selection rules. It uses genetic
operators such as selection, crossover, and mutations to
define new solutions in probability way. GA requires
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long computation time and may be converge prematurely
to a suboptimal solution. TS is based on deterministic
search that identifies an optimal solution using an
adaptive memory called tabu list. The implementation of
TS is time consuming when solving an optimization
problem with continuous variables. In SA, a parameter
called cooling schedule is introduced to shrink the search
space gradually. Although SA has an ability to search for
an optimal solution, its parameters in calculation are
difficult to determine and it often takes a long
computation time to search for the optimal solution. PSO
is an optimization technique derived from simulation of a
simplified social model of swarms (e.g., bird flocks or
fish schools). The interaction of particles in swarm
guides the direction of swarm towards the optimal
regions of the search space. The main advantages of PSO
are simple concept, easy implementation, robustness to
control parameters, less computation time, and
computationally efficiency when compared with
mathematical algorithms and other heuristic optimization
techniques [8].
To solve the SVC placement problem by PSO, each
particle, which is referred as a candidate solution, should
consist of two segments. In the first segment, it is only
bus number which can be used as the decision variable to
discover the optimal locations of SVC. On the other
hand, either reactive power of SVC or voltage magnitude
at SVC connection point can be applied as the decision
variable in the second segment to define the optimal
sizes of SVC. Case study with a modified IEEE 14-bus
system is conducted in this work to demonstrate the
effectiveness of PSO algorithm and to compare the
optimal choice for SVC placement obtained by using
reactive power of SVC and voltage at SVC bus as a
decision variable.
2.

XCX L
X C α eq
−XL

=

X SVC

(3)

π

With any given values of X C and X L , it is observed in
Eqs. (2) and (3) that the value of X SVC is varied
according to the value of α SVC .
When voltage magnitude at SVC connection point
(V SVC ) is specified, SVC reactive power (Q SVC ) can be
calculated by:
Q SVC

=

2
V SVC

XCX L

 X C αeq

−XL

 π


(4)

Q SVC is at maximum when α SVC = π and at minimum
2

when α SVC = π . Assuming V SVC in Eq.(4) is 1.0 p.u., the
maximum and minimum values of Q SVC are given in
Eqs. (5) and (6).
XC − X L

max
Q SVC

=

min
Q SVC

= −

(5)

XCX L
1
XC

(6)

Thereby, the SVC can be modeled as a generator (or
absorber) of adjustable reactive power shown in Figure
1(b). It should be noted that the SVC injects reactive
power into the network when Q SVC < 0 . Conversely, it
absorbs reactive power from the network if Q SVC > 0 .

MODELLING OF SVC

The SVC consists of a bank of capacitors in parallel with
a thyristor-controlled reactor (TCR) [3]. With fast
control action by thyristor switching of the TCR, the
SVC has a nearly immediate speed of response to vary
its reactive power with the purpose of voltage control.
For balanced operation and balanced SVC designs, a
single-phase SVC model is represented by its positive
sequence model as depicted in Figure 1(a) [9].
To calculate the value of SVC equivalent reactance
(X SVC ) , TCR inductive reactance ( X L ) and the value of
TCR firing angle (designated as α SVC ) are used to find the
TCR equivalent reactance (X L −TCR ) by Eq.(1) as [10]:

Fig. 1. SVC model.

3.

POWER FLOW CALCULATION

3.1 Conventional Newton-Raphson Method
X L −TCR

=

πX L
α eq

α eq = 2(π − α SVC ) + sin( 2α SVC ) ;
X SVC

(1)
π
2

≤ α SVC ≤ π

is then determined by the parallel combination of

X L −TCR and SVC capacitive reactance ( X C ).
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(2)

Power flow or load flow calculation is the computation
procedure to determine the steady-state operation of a
power system. Power flow study is the core of power
system analysis. It can be applied in the designing,
planning, operational planning, operation/control, and
expansion of a power system [11]. The results obtained
from power flow calculation are the magnitude and phase
angle of voltage at each bus, active and reactive power
flowing in each line, and also system active and reactive
power losses.
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The conventional Newton-Raphson method is an
efficient tool for solving the power flow problem due to its
strong convergence characteristic. To apply the NewtonRaphson method for power flow solutions, a set of
simultaneous nonlinear equations of active and reactive
power, expressed in Eqs.(7) and (8), are formulated by
taking the nodal voltage magnitude and phase angles as
unknowns [11].
NB

Pi =

∑Y
j =1

NB

Qi = −

V iV j cos(θ ij + δ j − δ i )

ij

∑Y
j =1

V iV j sin( θ ij + δ j − δ i )

ij

Pi = PG , i − PD, i
Q i = QG , i − Q D, i

where Pi
NB

(7)

(8)
(9)
(10)

= net value of active power at bus i
= number of buses

Yij

= element (i, j ) in bus admittance matrix

Vi

= voltage at bus i
= voltage at bus j

Vj

θij
δi

= phase angle of voltage at bus i

δj

= phase angle of voltage at bus j

Qi
PG,i
PD,i
QG,i

=
=
=
=

QD,i

= reactive power demand at bus i

= angle of Yij

net value of reactive power at bus i
active power generated at bus i
active power demand at bus i
reactive power generated at bus i

The mismatch vector and the Jacobian matrix are
determined in the first iteration from the estimated value
of voltage magnitudes and phase angles. The mismatch
vector represents the difference of the scheduled and
calculated active and reactive powers whereas all
elements in the Jacobian matrix are the first-order partial
derivatives of active and reactive powers with respect to
voltage magnitudes and phase angles. The correction
vector, given by the multiplication of the inverse of the
Jacobian matrix and the mismatch vector, is employed to
update the values of nodal voltages and phase angles.
The updated voltages and phase angles are then used to
calculate the mismatch vector and the Jacobian matrix
for next iteration. The iterative computation process is
repeatedly performed until the mismatch vector is less
than an acceptable tolerance. The final value of voltages
and phase angles at each bus are obtained. More detail
about the conventional Newton-Raphson method is
explained in [11].
3.2 Power Flow Calculation including SVC
There are two approaches to solve the power flow
problem with the inclusion of SVC. The first approach
treats the SVC located at bus m as a VAr source which

injects or absorbs reactive power QSVC,m. Consequently,
the net value of reactive power at bus m can be
calculated by Eq.(11) expressed below
Qm

= QG , m − Q SVC , m − Q D , m

(11)

Voltage magnitudes and phase angles are still the
unknown variables. The buses chosen for SVC
placement are defined as load (PQ) bus. The
conventional Newton-Raphson method is applied to find
the solutions without any modification of the mismatch
vector and the Jacobian matrix. In other words, the first
approach can solve the power flow problem including
SVC by the same computation procedure as in the power
flow problem without SVC.
The second approach applied for the power flow
problem with SVC is proposed in [3] and [9]. In this
approach, the value of SVC firing angle (α SVC ) is the
additional unknown and voltage magnitude at bus with
SVC should be specified.
The mismatch vector is still the difference of the
scheduled and calculated active and reactive powers. The
calculated active power for all bus and the calculated
reactive power at bus without SVC remain determined
by Eqs. (7)-(10), while the calculated reactive power at
bus with SVC is derived by Eqs. (4), (8), and (11). In
addition, the Jacobian matrix should be expanded to
include the partial derivatives of active and reactive
powers with respect to αSVC.
The multiplication of the inverse of the augmented
Jacobian matrix and the mismatch vector provides the
information of the correction vector. The current values
of voltages, phase angles, and firing angles are then
updated by the correction vector in order to calculate
active and reactive powers in the next iteration. The
calculation process is repeated and will terminate by the
same criteria as in the conventional Newton-Raphson
method.
It should be noted that the first approach (treating SVC
as VAr source) needs only the operating limits of SVC
reactive power for power flow calculation. The second
approach (adding αSVC for unknown) essentially requires
voltage magnitudes at buses with SVC and parameters of
SVC (i.e. XC, XL, and operating limits of αSVC) to run
power flow calculation.
4.

PROBLEM FORMULATION

The aim of SVC placement in this work is to minimize
the total system active power loss. The objective function
is:
NL

Min F

=

∑P

k =1

k

(12)

The objective function is subjected to the following
equality and inequality constraints.
• Power balance equations as in Eqs. (7)-(8).
• Bus voltage limits.

59

S. Auchariyamet and S. Sirisumrannukul / GMSARN International Journal 4 (2010) 57 - 66

V

min

≤Vi ≤ V

v id (t + 1)

(13)

max

+ c 2r2d (t )[yˆ d (t ) − x id (t )]

• Limits of reactive power generated at voltagecontrolled (PV) buses.
QGmin
≤ QG , i ≤ QGmax
; i ∈ PV buses
,i
,i

where

(14)

• Limits for reactive power of SVC.
min
Q SVC

≤ Q SVC , m ≤

max
Q SVC

2

≤ α SVC , m ≤ π

• SVC must be installed at load (PQ) buses
m ∈ N PQ

where F
NL
Pk
i
m
min
max
V
QG,i
QSVC

5.

(17)
=
=
=
=
=
=
=
=
=
=

αSVC

the value of objective function
number of lines
active power loss in line k
bus number
bus number where SVC is located
lower limit of variable being considered
upper limit of variable being considered
bus voltage magnitude
reactive power generated at bus i
reactive power of SVC
= firing angle of SVC

NPQ

= set of load bus

PARTICLE SWARM OPTIMIZATION (PSO)

PSO, originally invented in 1995, is a population based
stochastic optimization technique. In PSO, the
population is called "swarm" and the individual in
swarm is called "particle". The swarm of particles is
employed to conduct the searching process to find the
optimal solution. Each particle is represented by its
position and velocity and is referred as a potential
solution in n -dimensional search space of the problem.
Particles have knowledge of formerly moved directions,
their previous best solutions, and the best solution
found by the best particle in swarm. Based on this
knowledge, particles can explore different regions of
search space to locate a good optimum.
The positions and velocities of the initial swarm are
randomly generated at the outset. This first step allows
all particles to arbitrarily distribute across the search
space. The fitness value of particle is evaluated in the
next step to determine the best position of each particle
and also to reveal the particle that has the best global
fitness value in the current swarm.
Next, the velocities of all particles are updated from
current iteration (t ) to the next iteration (t + 1) by: [12]

60

=
=
=
=

r1d , r2d

ŷ

= uniformly distributed random values
in the range [0,1]
= personal best position; Pbest
= global best position; Gbest

i

= i th particle

d

= d th dimension

id

= particle i in dimension d

y

(16)

(18)

v
x
w
c1 , c 2

(15)

• Operating range of SVC firing angle.
π

= wv id (t ) + c 1r1d (t )[y id (t ) − x id (t )]

velocity of particle
position of particle
inertia weight
positive acceleration constants

The first term in the right hand side of Eq.(18) is an
inertia weight from the current velocity. The second term
represents the knowledge based on the best solution of
each particle while the third term is the information of
the best solution found by the best particle in swarm.
Position update is the last step. The new position of
each particle is calculated by:
x id (t + 1)

= x id (t ) + v id (t + 1)

(19)

The step of fitness value evaluation including the step
of velocity and position updating are repeated until a
stopping criterion is met (for example, maximum
number of iteration is reached, an acceptable solution is
found, or no improvement in solution is observed over
a number of iterations) and the optimal solution is
obtained. More explanations about PSO algorithm can
be found in [12].

6.

SOLUTION ALGORITHM

6.1 Decision Variables
Two decision variables are required to solve SVC
allocation problem. The first one is for the optimal
locations of SVC and the second one is for the optimal
sizes of SVC reactive power at each location.
Bus number, a discrete variable, is the decision
variable to discover the suitable locations of SVC
placement. In opposition, either SVC reactive power
(QSVC) or voltage magnitude at SVC connection point
(VSVC) can be selected as a decision variable to determine
the optimal sizes of SVC. Both QSVC and VSVC are
continuous variables.
When QSVC is the decision variable, the constraint (16)
is omitted and the optimal sizes of SVC reactive power
are directly defined by the optimal solution. Conversely,
when VSVC is entered as the decision variable, the
constraint (15) can be discarded and the obtained
optimal solution proposes the suitable voltage
magnitudes at SVC buses. To determine the optimal
sizes of SVC reactive power, power flow calculation
including SVC by the second approach (mentioned in
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Section 3.2) must be carried out to find the values of
α SVC from V SVC provided by the optimal solution.
After that, SVC reactive power is calculated by Eq.(4)
using the values of αSVC, VSVC, and SVC parameters.
6.2 Particle’s Representation
The optimal solution of SVC placement simultaneously
defines the optimal sites and sizes of SVC that meet the
requirement of the desired objective function while
satisfying all the constraints. Consequently, each particle
in swarm consists of two segments. The first segment
corresponds to the location information of SVC while the
second segment represents the setting values of SVC.
The dimension of each segment is nSVC, which is the
given number of SVC to be optimally installed. Thereby,
the total dimension of particle is 2nSVC.
For particle coding, each digit in the first segment
represents a bus number where a SVC is located. Each
digit of the second segment could be either QSVC or VSVC
at each bus found in the first segment. Bus numbers
accommodated in the first segment should be load bus
and can not be repeated to ensure that there is only one
SVC at a bus whereas the values of QSVC or VSVC in the
second segment should be maintained within their
operation limits.
6.3 Selection of Feasible Solution
Bus numbers in the first segment of particle should be
complied with two criteria; 1) they must be the member
in the set of load (PQ) bus and 2) they can appear only
once. Therefore, every particle in swarm should be
classified into the qualified and unqualified particle.
The qualified particles are those which do not violate
the two criteria mentioned above. Otherwise, they are
the unqualified particles and will be discarded. This
step greatly helps reduce the computational burden
because power flow calculations are only performed for
the qualified particles.
6.4 Computation Procedure
The computation procedure, developed based on PSO
algorithm, for optimal SVC allocation is described by the
following steps:
Step 1:

Step 2:

Step 3:
Step 4:

Step 5:

Step 6:

Input line data and bus data of a system, SVC’s
parameters, all operational constraints and PSO
parameters.
Select a decision variable for optimization
process and then generate an initial population
of particles. The information contained in the
particles depends on the chosen decision
variable.
Set iteration index t = 0 .
Identify the qualified and unqualified particles
by checking bus number appeared in the first
segment of all particle.
For each qualified particle, perform power flow
calculation to obtain all bus voltages including
active and reactive power losses.
Check all the constraints. If any of the

constraints is violated, a penalty term is then
applied, or else a penalty term is zero.
Step 7: Evaluate the fitness value of qualified particle
using the sum of active power loss and penalty
term.
Step 8: Compare the fitness value of qualified particle
with the personal best, Pbest . If the fitness
value is lower than Pbest , set this value as the
current Pbest , and record the particle position
corresponding to this Pbest value.
Step 9: Select the minimum value of Pbest from all
qualified particles to be the current global best,
Gbest , and record the particle position
corresponding to this Gbest value.
Step 10: Update the velocity and position of all particles.
Step 11: If the maximum number of iterations is reached,
the particle associated with the current Gbest is
the optimal solution and then go to Step 12.
Otherwise, set t = t + 1 and return to Step 4.
Step 12: Print out the optimal solution.
7.

CASE STUDY

The IEEE 14-bus system, depicted in Figure A1 [13] of
the appendix, is modified to be the test system for case
study. The original system consists of 20 transmission
lines and 14 buses. The slack bus is at bus 1. Four
voltage-controlled buses are bus 2, 3, 6, and 8 and the
remaining nine buses are of load bus type. The following
modifications are made to the original system.
a. Voltage magnitude at slack bus is 1.05 p.u.
b. Voltage magnitudes for all voltage-controlled bus are
1.02 p.u.
c. Maximum limits of reactive power generated at
voltage-controlled bus are reduced by half.
d. Reactive power demands of all load bus are doubled.
The base value for power is 100 MVA. SVC
parameters, XC and XL, are assumed as 1.0 and 0.5 p.u.
respectively. With the given values of SVC parameters
min and
max for this case study are and base power, Q SVC
Q SVC
100 and 100 MVAr. The limits of V
and 1.05 p.u.

min

and V max are 0.95

Table 1. Detail of Case Study
Case
1
2
3
4
5
6
7

Decision Variable
-

Q SVC
V SVC
Q SVC
V SVC
Q SVC
V SVC

Number of SVC
3
3
5
5
7
7

Note : 1) QSVC is SVC reactive power
2) VSVC is voltage magnitude at SVC connection point
3) bus number is used as the decision variable to define
location of SVC for cases 2 to 7.
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For PSO parameters, the number of particles in swarm
and maximum number of iterations are equal to 100 and
150. The values of PSO acceleration constant are 2.0
while the PSO inertia weight is linearly decreased from
0.9 in the first iteration to 0.4 in the final iteration.
Seven cases in Table 1 are investigated for
comparative study. The system without SVC placement
is set as case 1 to represent the base case of the system.
The differences in cases 2 to 7 depend on the decision
variable used to find the optimal sizes of SVC and the
number of SVC given for optimal allocation.
8.

RESULTS AND DISCUSSIONS

Voltage (p.u.)

For the base case, the total active and reactive power
losses of the network are 17.83 MW and 51.41 MVAr.
All bus voltages are shown in Figure 2. The maximum
bus voltage of 1.05 p.u. is at slack bus while the
minimum bus voltage of 0.8503 p.u. is found at bus 14. It
is observed that voltages at buses 3 to 14 of the base case
violate the lower limit of 0.95 p.u.

Table 2. Optimal SVC placement for all cases by PSO

Q SVC (MVAr)

Bus
No.

Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

5

-66.87 -66.87 -44.69 -44.74 -37.94 -38.10

7
10

-

-

-31.52 -31.30 -33.15 -32.98

-18.39 -18.39 -14.32 -14.38 -11.74 -11.88

11

-

-

-

-

-4.86

-4.81

12

-

-

-

-

-4.26

-4.20

1.10

13

-

-

1.05

14

-15.99 -15.99 -13.56 -13.63

-14.74 -14.74 -10.16 -10.28 -10.48 -10.39

1.00

Table 3. Loss and voltage for all cases by PSO

0.95

Ploss

Q loss

V min

V max

(MW)

(MVAr)

(p.u.)

(p.u.)

1

17.83

51.41

0.8503

1.05

2

14.10

31.28

0.9652

1.05

3

14.10

31.28

0.9652

1.05

4

13.97

30.47

0.9665

1.05

5

13.97

30.46

0.9665

1.05

6

13.94

30.06

0.9667

1.05

7

13.94

30.05

0.9667

1.05

0.90

Case

0.85
0.80
0.75
1

2

3

4

5

6

7
8 9
Bus No.

10 11 12 13 14

Fig. 2. Bus voltages in base case.

The optimal SVC placements for all cases, comprising
bus numbers and the values of SVC reactive power, are
summarized in Table 2. It should be noted that the optimal
SVC reactive power of cases 2, 4, and 6 shown in Table 2
are directly provided by the optimal solutions of the
proposed PSO-based technique. For cases 3, 5, and 7, the
optimal solutions defined by the proposed technique are
the magnitudes of SVC bus voltage. Theses voltages are
used to calculate the optimal SVC reactive power as listed
in Table 2 by power flow calculation including SVC and
Eq.(4).
Considering the optimal SVC placement in cases 2 and
3, they are identical in both sites and sizes. For cases 4
and 5, their optimal installations identify the same best
location for SVC with slight difference in the values of
proper size for SVC at each location. The similar
observations, as mentioned in cases 4 and 5, are also
found when the optimal SVC allocation in case 6 is
compared with that of case 7. These findings indicate
that when the equal number of SVC is allowed for
installation, whether QSVC or VSVC is chosen to be the
decision variable for searching optimal sizes of SVC, both
of them provide almost the same choices for SVC
placement.
The use of QSVC and VSVC as the decision variable results
in the differences of 1) the information of SVC required
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for power flow problem and 2) power flow solution
method to be implemented in the solution algorithm.
When QSVC is a decision variable, the power flow
calculation is performed by the conventional NewtonRaphson method and the data for operating limits of
SVC reactive power is necessary. On the contrary, the
parameters of SVC (see Section 2) must be provided and
the power flow problem is solved by power flow solution
including SVC when VSVC is the decision variable.

Note : Ploss
Qloss

= total system active power loss
= total system reactive power loss

Vmin

= minimum voltage found in the system

Vmax

= maximum voltage found in the system

All the values of optimal QSVC in Table 2 are less than
zero. This indicates that SVC connected to each bus
injects its reactive power to the network for reactive
power compensation. The advantages of SVC are
illustrated in Table 3. The reductions of system active
and reactive power losses about 20% and 40% are
presented by the optimal SVC placement. The values of
minimum and maximum voltage found in the system
also imply that all bus voltages are developed to stay
within the specified limits. Loss reduction and voltage
improvement are the evidences to support the benefits of
optimal SVC placement for reactive power
compensation.
For comparison purpose, the solution method based on
GA has been developed for the same SVC allocation
problem. Its optimal sites and sizes including other
related results are provided in Tables 4 and 5. With
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different locations of SVC placement and minimum bus
voltages, the total MW loss for each case in Tables 3 and
5 are almost the same, indicating the existence of
multiple solutions in this problem. However, GA takes 4
times as much computation time as PSO. This inferiority
primarily originates from the lengthy processes required
in reproduction, crossover and mutation in GA.
Table 4. Optimal SVC placement for all cases by GA

Q SVC (MVAr)

Bus
No.

0.3, -305.1, and 127,380 respectively.
As seen in Tables 2 and 3, the optimal SVC placement
and their related results in cases 2, 4, and 6 are mostly
similar to those of cases 3, 5, and 7 respectively. For this
reason, we can select only the results from cases 2, 4,
and 6 to represent the economic benefits of SVC
placement. The energy loss cost, the SVC installation
cost, and the total cost (defined as the sum of energy loss
cost and the installation cost) for cases 2, 4, and 6 are
computed and expressed in Table 6.
Table 6. Summary of cost for cases 1, 2, 4, and 6

Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

4

-

5

-

-

-

-2.34

-2.12

-66.86 -66.85 -45.72 -44.80 -42.84 -43.07

7

-

9

-

-

10

-30.78 -31.21

-

-

-

-

-26.55 -26.95

11

-

-

-

-

-

-

12

-

-

-

-

-4.74

-4.82

13

-

-

-15.90 -16.02 -14.36 -14.18

-14.78 -14.76 -10.24 -10.28 -10.33 -9.87

Ploss

Q loss

V max

(MW)

(MVAr)

(p.u.)

(p.u.)

2

14.10

51.41

0.8503

1.05

3

14.10

31.28

0.9652

1.05

4

13.97

31.28

0.9652

1.05

5

13.97

30.47

0.9665

1.05

6

13.95

30.46

0.9665

1.05

7

13.95

30.06

0.9667

1.05

To clearly present the advantages of SVC in the view
point of economic benefits, more information about
energy loss cost and SVC installation cost should be
calculated. The energy loss cost is the multiplication of
active power loss, time duration and the value of per unit
energy cost, while SVC installation cost is calculated by
Eq.(20) given below.
IC SVC

where ICSVC

=

∑ (aQ

m ∈M

3
SVC , m

(20)

2
+ bQSVC
+ cQ SVC , m )
,m

= SVC installation cost ($)

m

= bus number where SVC is located

M

= set of buses for SVC placement

QSVC,m
a, b, c

= reactive power
m (MVAr)
= cost coefficient

of

SVC

at

Case 4

Case 6

7,342,632

7,326,864

bus

In this work, the time duration is based on one-year
period and the per unit energy cost is 60 $/MWh. The
values of a , b , and c in Eq.(20) are taken from [14] as

-

11,296,328 13,818,351 13,884,565

RE ($)

-

1,960,488

2,028,816

2,044,584

PBP (year)

-

5.76

6.81

6.79

Note : Ecost
SVC cost
Total cost
RE
PBP

V min

Case 2
7,410,960

Total cost ($) 9,371,448 18,707,288 21,160,983 21,211,429

Table 5. Loss and voltage for all cases by GA
Case

Case 1
9,371,448

SVC cost ($)

-

-18.36 -18.42 -14.13 -14.38 -13.89 -13.54

14

Ecost ($)

=
=
=
=

energy loss cost
installation cost of SVC
sum of Ecost and SVC cost
reduction of energy loss cost

= payback period

It can be seen in Table 6 that the optimal installation of
SVC can offer the reduction of energy loss cost.
Although the energy loss cost after SVC placement is
decreased, the total cost is greater. It is because the
installation cost of SVC is relatively high compared with
the benefit received from the reduction of energy loss
cost. From a calculation of simple payback period, SVC
placement takes about 5.8 years (for case 2) and 6.8
years (for cases 4 and 6) to recover its investment cost.
However, as far as a trouble-free operation time of 15
years [15] and a lifetime of 30 years [16] are concerned,
SVC is still worth economic justification.
9.

CONCLUSION

A PSO-based optimization technique is presented in this
paper to determine the optimal allocation of SVC in
transmission systems for active power loss reduction. A
case study is carried out with a modified IEEE 14-bus
system to demonstrate the effectiveness of the proposed
methodology and to compare the optimal SVC placement
obtained by using different decision variables; reactive
power of SVC and voltage magnitude at SVC connection
point, to search for the optimal sizes of SVC reactive
power.
The performance of the proposed technique is
illustrated by the obtained optimal solutions which can
provide the advantages of SVC for reactive power
compensation while satisfying all the specified
constraints. The test results reveal that the mostly
similar strategies for SVC placement are identified
whether reactive power of SVC or voltage at SVC bus
is applied as the decision variable to find the optimal
sizes of SVC. The difference between using these two
variables is the information of SVC parameters required
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for the solution algorithm.
In addition, the economic benefits of SVC are
evaluated using the energy loss cost and the investment
cost of SVC. It is observed that when the advantage from
active power loss reduction is only considered, SVC
seems to be so costly that it is not worthwhile, at least, in
the short term. However, SVC can offer more advantages
in other applications to the network (e.g. system security
and loadability improvement, voltage stability
enhancement, system reliability increase, generation cost
reduction). Therefore, the economic benefits of SVC
placement could be more attractive when such
advantages are taken into account for the economic
assessment of SVC placement.
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APPENDIX
This section provides data of the modified IEEE 14-bus
test system which is the test system in the case study.

Fig. A1. The IEEE 14-bus System

Table A1. Data of voltage-controlled buses in the modified
IEEE 14-bus system

Bus
No.

Voltage

Reactive power limit

magnitude (p.u.) Min (MVAr) Max (MVAr)

2

1.02

-40.0

25.0

3
6

1.02

0.0

20.0

1.02

-6.0

12.0

8

1.02

-6.0

12.0
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Table A2. Load data of the modified IEEE 14-bus system
Bus No.

P (MW)

Q (MVAr)

Qc (MVAr)

1

-

-

-

2

21.7

25.4

-

3

94.2

38.0

-

4

47.8

-7.8

-

5

7.6

3.2

-

6

11.2

15.0

-

7

-

-

-

8

-

-

-

9

29.5

33.2

19.0

10

9.0

11.6

-

11

3.5

3.6

-

12

6.1

3.2

-

13

13.5

11.6

-

14

14.9

10.0

-

Table A3. Line data

Line From
No. bus

To
bus

R
(p.u.)

X
(p.u.)

B/2
(p.u.)

Tr. Tap
setting

1

1

2

0.01938 0.05917 0.02640

-

2

1

5

0.05403 0.22304 0.02460

-

3

2

3

0.04699 0.19797 0.02190

-

4

2

4

0.05811 0.17632 0.01870

-

5

2

5

0.05695 0.17388 0.01700

-

6

3

4

0.06701 0.17103 0.01730

-

7

4

5

0.01335 0.04211 0.00640

-

8

4

7

-

0.20912

-

0.978

9

4

9

-

0.55618

-

0.969

10

5

6

-

0.25202

-

0.932

11

6

11

0.09498 0.19890

-

-

12

6

12

0.12291 0.25581

-

-

13

6

13

0.06615 0.13027

-

-

14

7

8

-

0.17615

-

-

15

7

9

-

0.11001

-

-

16

9

10

0.03181 0.08450

-

-

17

9

14

0.12711 0.27038

-

-

18

10

11

0.08205 0.19207

-

-

19

12

13

0.22092 0.19988

-

-

20

13

14

0.17093 0.34802

-

-
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Safety Design of Ground Grid in Distribution Substation:
Case Study of Metropolitan Electricity Authority’s System
A. Phayomhom, S. Sirisumrannukul and T. Kasirawat

Abstract— Most of the power transmission and distribution substation in Metropolitan Electricity Authority (MEA) are
of gas-insulated substation (GIS) type due to the restriction of space and very high cost of land in urban areas. A short
circuit generates large currents that flow in the aboveground structures and grounding system and dissipate in the soil
may cause damage to substation equipment and may be dangerous to personnel working nearby. It is therefore
important to consider and incorporate safe step and touch voltage limitations into electrical designs in order to achieve
a safe electrical system without potential electrical hazards after installation. In this paper, safe step and touch voltage
criteria, based on body weight, are analyzed for utility applications where personnel hazards may exist. This paper
presents a safety design of ground grid for a practical 120 MVA, 115-24 kV substation grounding grid system.
Modeling and simulation is carried out on the Current Distribution Electromagnetic interference Grounding and Soil
structure (CDEGS) program. The simulation results show the effects of the changes on the design and analysis of power
system grounding and could be set as a standard in grounding system design and modification in MEA’s distribution
substations.
Keywords— Grounding grid, Ground potential rise, Step voltage, Touch voltage.

1.

INTRODUCTION

Metropolitan Electricity Authority (MEA) is an electric
utility that is responsible for power distribution covering
an area of 3,192 square kilometers in Bangkok,
Nonthaburi, and Samutprakarn provinces of Thailand.
MEA serves approximately 37 % of the whole country
power demand. MEA’s networks consist of transmission,
subtransmission and distribution systems. Voltage level
in transmission lines is 230 kV, while voltages in
subtransmission systems are 69 and 115kV. 12 and 24
kV are voltages in the distribution feeders.
There are two types of power transmission and
distribution substations in MEA: air insulated outdoor
substations (AIS) and gas-insulated substations (GIS) in
MEA. Most of the power transmission and distribution
substations are of GIS type due to the restriction of space
and very high cost of land in urban areas. The design of
grounding system for GIS indoor substations and AIS is
quite different. The main difference is that the ground
grid of GIS is attached to the steel structure of each floor
of the building, in which the GIS substation is installed,
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but that arrangement is not the case for AIS. The
attachment is served as equipotential in floors and walls
of reinforced concrete to protect the operators and
maintenance personnel from substation potential rise
(touch and step voltages) due to ground fault. For this
reason, GIS has an advantage over AIS in reducing the
risk from touch voltage for personnel working nearby.
Although the investment and operating costs of GIS are
higher than those of AIS, it would still be a good option
due to its compactness because the GIS indoor substation
normally occupies only 10-25% of the land required for
AIS. In addition, the GIS substation can reduce
environment impact, safety concern and increase
reliability. These benefits can compensate the higher
costs in the long term [1], [2].
Based on MEA’s statistical data, one of the main
causes of sustain interruptions is short circuit on
electrical substations. The short circuit generates large
currents that flow in the aboveground structures and
grounding system and dissipate in the soil. The high
currents may cause damage to equipment and may be
dangerous to personnel working nearby. It is therefore
important to consider and incorporate safe step and touch
voltage limitations into electrical designs in order to
achieve a safe electrical system without potential
electrical hazards after installation.
With reference to a statistical report of Power System
Control Department of MEA in the year 2008, there are
in total 145 substations in MEA’s network. Of these, 17
units are transmission substations, 127 units are
distribution substations, and only 1 unit is a switching
substation. Distribution substations are further classified
as 66 unmanned substations and 61 manned substations.
This paper presents a safety design of ground grid for a
practical 120 MVA, 115-24 kV substation grounding
grid system in MEA. Modeling and simulation are
carried out on the Current Distribution Electromagnetic
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interference Grounding and Soil structure (CDEGS)
software package. Safe step and touch voltage criteria
based on body weight defined in IEEE Std. 80-2000 are
analyzed. These criteria are considered both in industrial
applications and in general applications where personnel
hazards may exist whenever a short circuit occurs.
2.

Fault Current Division Factor
A factor representing the inverse of a ratio of the
symmetrical fault current to that portion of the current
that flows between the grounding grid and surrounding
earth.

SUBSTATION GROUNDING SYSTEM

The substation grounding system provides a means of
dissipating electric current into the earth for reliable
operation, human safety and equipment protection. The
grounding system includes all interconnected grounding
facilities, for example, ground grid, overhead ground
wires, neutral conductors, underground cable,
foundations, deep well, etc. The ground grid consists of
horizontal interconnected bare conductors (mat) and
ground rods [3].
Figure 1 shows a typical installation for grounding
system of 120 MVA, 115-24 kV, Laksi grounding
substation system. The cross section of the ground grid
conductor is 240 mm2, the grid dimension is 3m × 3m,
and the ground rod is 2.4 m long with a diameter of
15.875 mm. All the ground rods are directly connected to
the main ground grid by the exothermic welding method.
The ground grid is buried at 0.5 m below the ground
surface level.

where

Ig

=

Sf

3 ⋅ I0

Sf
Ig
I0

(1)

= fault current division factor
= rms symmetrical grid current (A)
= zero-sequence fault current (A)

Maximum Grid Current
A design value of the maximum grid current, defined as
follows:

where

IG

= Df ⋅ Ig

(2)

IG

= D f ⋅ S f ⋅ 3I 0

(3)

= maximum grid current (A)
= decrement factor for the entire
duration of fault t f (s)

IG
Df

Ground Potential Rise (GPR)
The maximum electrical potential that a substation
grounding grid may attain relative to a distant grounding
point assumed to be at the potential of remote earth. This
GPR is equal to the maximum grid current times the grid
resistance.

GPR
where

= I G ⋅ Rg

GPR
Rg

(4)

= ground potential rise (V)
= resistance of grounding system ( Ω )

Step Voltage
The difference in surface potential experienced by a
person bridging a distance of 1 m with the feet without
contacting any other grounded object.
Touch Voltage
The potential difference between the ground potential
rise and the surface potential at the point where a person
is standing while at the same time having a hand in
contact with a grounded structure.
Fig.1. Typical installation for grounding system.

3.

DEFINITION OF TOLERABLE VOLTAGE

According to [4], the following definitions for the
voltage considered in this paper are given.
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Step and Touch Voltage Criteria
The step and touch voltage criteria are derived from the
permissible body current. There is no direct change in
the expressions of the permissible touch and step
voltages. The permissible step and touch voltages for 50
kg and 70 kg persons are, respectively, [4]

A. Phayomhom at al. / GMSARN International Journal 4 (2010) 67 - 74

E step 50

= (1,000 + 6C s ⋅ ρ s )

0.116

E step 70

= (1,000 + 6C s ⋅ ρ s )

0.157

(5)

ts
ts

E touch 50

= (1,000 + 1.5C s ⋅ ρ s )

E touch 70

= (1,000 + 1.5C s ⋅ ρ s )

0.157

ts
ts

= step voltage (V)

(7)

Ks

(8)

Ls

= mesh factor defined for n parallel
conductors
= effective length of LC + L R for step

ρs

= surface layer resistivity (Ω ⋅ m)

ts

= duration of shock current
frequency (s)

SOIL CHARACTERISTIC

Resistivity Measurements

E step 70 = tolerable step voltage for human

Cs

voltage (m)
4.

with 50 kg body weight (V)
with 70 kg body weight (V)
= tolerable touch voltage for human
with 50 kg body weight (V)
= tolerable touch voltage for human
with 70 kg body weight (V)
= surface layer derating factor

(11)

Es

where

where E step 50 = tolerable step voltage for human

E touch 70

Ls = 0.75 ⋅ LC + 0.85 ⋅ LR

(6)

0.116

Etouch 50

For grids with or without ground rods, the effective
buried conductor length, Ls , is

The four point method shown in Figure 2 is one of the
most accurate methods in practice for measuring the
average resistivity large volumes of undisturbed earth. In
the figure, four electrodes are buried in equally-spaced
small holes at points C1, C2, P1 and P2. The soil
resistance R in ohm is calculated from the ration of V/I,
where I is an injected current between the two outer
electrodes and V is the measured voltage between the
two inner electrodes [1], [5], [6].

Maximum of Mesh and Step Voltage
The maximum touch voltage within a mesh of a ground
grid [4] is calculated by:

Em

where

=

Em

ρ

Km

ρ ⋅ Km ⋅ Ki ⋅ IG
Lm

(9)

= mesh voltage (V)
= average soil resistivity (Ω-m)

LR

= total length of ground rods (m)

IG

With this arrangement, the resistivity ρ expressed in the
terms of the length units is:

a

Ls

2

+ 4b

2

a

−

a

2

(12)

+b

2

(10)

)

= measured resistance ( Ω )
= Distance between adjacent electrodes (
= depth of the electrodes ( )

)

m

R
a
b

ρ ⋅ Ks ⋅ Ki ⋅ IG

2a

1+

where ρ a = apparent resistivity of the soil in ( Ω ⋅

The step voltage is determined from

Es =

4πaR

ρa =

m

LC

voltage (m)
= total length of grid conductor (m)

Ki

Fig.2. Wenner arrangement.

m

Lm

= mesh factor defined for n parallel
conductors
= corrective factor for current
irregularity
= maximum rms current flowing
between ground grid and earth (A)
= effective length of LC + L R for mesh

When b is small compared to a , Eq. (13) becomes

ρ a = 2πaR

(13)
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Two-Layer Soil Apparent Resistivity

Soil Resistivity Result

A resistivity of soil characterized with two layers shown
in Figure 3 can be determined from the Wenner method.
In this method, the apparent resistivity is calculated using
Eq. (13) [6], [7]:

The soil layer characteristics of the Laksi substation
were analyzed by a built-in module in the CDEGS
program called Rural Electric Safety Accreditation
Program module (RESAP), logarithmically shown in
Figure 5.
With the model in Figure 5, the resistivity of the Laksi
substation is shown in Table 1. The resistivity of the top
and bottom layers is 14.1521 and 2.96357
Ω ⋅ m respectively. The top layer has a more resistivity
than the bottom layer (deep layer) due to a number of
factors such as moisture content of the soil, chemical
composition, concentration of salts dissolved in the
contained water, and grain size[8]. The three voltage
performance indices are listed in Table 2. The data in
Table 2 are graphically displayed in Figures 6-8.

ρ1 Top layer

ρ2 Deep layer
Fig.3. Two layer earth model.



n
n

∞
K
K
−
ρ a = ρ 1 1 + 4 ∑
2
2
i =1

 h
 h
1 +  2n 
4 +  2n 

 a
 a

K=

where

h









ρ 2 − ρ1
ρ 2 + ρ1

(14)

(15)

= first layer height ( m )

ρ1 = first layer resistivity (Ω ⋅ m)
ρ 2 = deep layer resistivity (Ω ⋅ m)
5.

CASE STUDY

The Laksi grounding substation system shown in Figure
1 is analyzed in this case study. Three parameters of
interest in the simulation are 1) cross section area of
ground grid conductor, 2) length of ground rod, and 3)
depth of ground grid. The cross section areas of ground
grid conductor under investigation are 95, 120, 185, and
240 mm2 (existing case). The lengths of ground rod are
2.4, 3.0 and 6.0 m and the depths of ground grid are 0.5,
0.6 and 1.0 m. A fault current of 31.5 kA is derived from
the interrupting capacity of circuit breaker in the 115 kV
circuit. The obtained simulation results demonstrate the
voltage performance in terms of GRP, touch voltage and
step voltage.

Fig.5. Soil resistivity model.
Table1. Summary of soil resistivity

Layer Characteristic
Layer

Resistivity Thickness Reflection Resistivity
(Ω⋅m)
(m)
Coefficient Contrast
Ratio
(p.u.)

Ground Grid Model

Top

14.1521

1.21727

-1.0000

0.14152E-18

The ground grid system for the Laksi substation was
modelled using the CDEGS program as shown in Figure 4
[5].

Bottom

2.96357

infinity

-0.6537

0.20941

Fig.4. Ground grid model for Laksi substation.
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Effect of Length of Ground Rod
As seen from Figures 6-8, lengthening ground rod
reduces GPR, touch voltage and step voltage for ground
grid conductors with the same cross-section area. In
addition, the introduction of external ground grid lowers
GPR, touch voltage and step voltage. For the 240 mm2
ground grid, the external ground grid with 6-m ground
rods gives the lowest GPR and touch voltage because
this cross-section area has a more surface exposed to the
soil for current dissipation. In this scenario, as much as
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19.94% (1,170.20 volt to 936.86 volt) for maximum
GPR, 38.88% (640.27 volt to 391.34 volt) for maximum
touch voltage and 67% (177.98 volt to 58.65 volt) for
maximum step voltage are decreased if the length of
ground rod is changed from 2.4 m to 6 m.

1,170.2 volt, 640.27 volt and 177.98 volt, only the touch
voltage index for the existing case exceeds the safety
values for 50 kg and 70 kg body weights. This constraint
violation can be fixed, to some extent by, for instance,
installing external ground conductors attached around the
ground grid.

Table 2. GPR, touch voltage and step voltage for different
configurations
700.00

Voltage Level (V)
Cross-Section Area of
Ground Grid (mm2)
240

185

120

95

without grid 1,170.2 1,171.7 1,174.1
with grid 1,117.5 1,119.5 1,122.8
without grid 640.27 641.77 644.26
2.4 Touch
with grid 563.48 565.88 569.71
without grid 177.98 176.31 174.8
Step
with grid 90.39 89.21 88.15
without grid 1,120.4 1,121.4 1,123
GPR
with grid 1,080 1,080.4 1,082.8
without grid 588.54 589.56 591.26
3 Touch
with grid 526.24 527.39 530.34
without grid 159.4 157.73 156.44
Step
with grid 83.32 82.29 81.28
without grid 953.15 953.38 953.76
GPR
with grid 936.86 937.33 938.1
without grid 422.11 422.37 422.8
6 Touch
with grid 391.34 392.06 393.25
without grid 104.61 103.21 102.52
Step
with grid 58.03 58.03 57.29
GPR

1,175.4
1,124.5
645.55
571.71
173.78
87.63
1,12.9
1,084.1
592.14
531.87
155.49
80.76
953.35
938.5
423.03
393.86
101.87
56.72

without grid: without external ground grid

Potential Magnitude (Volts)

650.00
600.00

640.27
588.54
563.48
526.42

550.00

644.26

641.77
589.56
565.88

592.14
571.71
531.87

530.34

527.39

Rod 2.4m (Existing)

645.55

591.26
569.71

500.00
422.11
450.00

422.37
392.06

391.34

423.03
393.86

422.80
393.05

400.00

Rod 2.4m External
Ground Grid
Rod 3.0m
Rod 3.0m External
Ground Grid
Rod 6.0m
Rod 6.0m External
Ground Grid

350.00
300.00
250.00
200.00
240

185

120

95

Cross Section Area (sq.mm)

Fig.7. Touch voltage for different configurations.
Rod 2.4m (Existing)

220.00

Potential Magnitude (Volts)

Rod Type ConfiguraLengt of
tion
h (m) Voltage

177.98
90.39

176.31
89.21

180.00
159.40
140.00

157.73

Rod 2.4m External
Ground Grid

173.78
87.63

174.81
88.15
156.44

83.32

82.29

81.28

104.61
58.65

103.21

102.52

58.03

57.29

Rod 3.0m

155.49
80.76
101.87
56.72

Rod 3.0m External
Ground Grid
Rod 6.0m
Rod 6.0m External
Ground Grid

100.00

60.00

20.00
240

185

120

95

Cross Section Area (sq.mm)

Fig.8. Step voltage for different configurations.

with grid: with external ground grid
1,200.00

Potential Magnitude (Volts)

1,150.00

1,100.00

1,174.10

1,171.70

1,170.20
1,120.40
1,117.50

1,080.00

1,121.40
1,119.50
1,080.40

1,175.40

1,123.00
1,122.80
1,080.40

Rod 2.4m (Existing)

1,123.90
1,124.50
1,084.10

Rod 2.4m External
Ground Grid
Rod 3.0m
Rod 3.0m External
Ground Grid
Rod 6.0m

1,050.00
Rod 6.0m External
Ground Grid

1,000.00
953.15
936.86

953.95
938.50

953.76
938.10

953.38
937.33

950.00

900.00
240

185

120

95

Cross Section Area (sq.mm)

Fig.6. Ground potential rise for different configurations.

The safety criteria simulated from the CDEGS
program are listed in Tables 3 and 4. For the existing
case of ground grid design, 3-dimension GPR is shown
in Figure 9, two-dimension spot touch voltage in Figure
10, and two-dimension spot step voltage in Figure 11.
Because the maximum values for these three indices are

If one external ground conductor is added into Figure
1 (dash line), its effects are shown in Figure 12 for GPR,
in Figure 13 for touch voltage, and in Figure 14 for step
voltage. We can see that the peak spikes of GPR with
external grounds (Figure 9) are not as high as those
without external grounds (Figure 12). In this case, the
maximum values of GPR, touch voltage, and step
voltage for the 6 m ground rod with external ground grid
are 936.86 volt, 391.34 volt, and 58.65 volt respectively.
However, the touch voltage index still fails to meet the
criteria given in Tables 3 and 4 and therefore more
external ground wires are required.
Alternatively, this problem can be solved by topping
the substation surface with gravel so that the soil
resistivity is increased to 1,014.2 Ω ⋅ m (see Table 3) for
50 kg body weight and to 514.2 Ω ⋅ m (see Table 4) for
70 kg body weight. Note that inserting external ground
grids offers a long term solution while topping the
ground surface may provide a short or medium term one
as the ground structure may be altered owing to digging,
flooding etc.
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Table 3. Safety criteria for 50 kg body weight

Surface
Layer
Resistivity
(Ω ⋅ m)

Fault Clearing Time

Foot
Resistance:
0.1 sec
1 Foot
Touch
Step
(Ω)
Voltage (V) Voltage (V)

None

367.9

603.9

44.2

514.2

587.3

1,481.7

1,562

1,014.2

806.7

2,359.2

3,079.2

Table 4. Safety criteria for 70 kg body weight

Surface
Layer
Resistivity
(Ω ⋅ m)

Fault Clearing Time

Foot
Resistance:
0.1 sec
1 Foot
Touch
Step
(Ω)
Voltage (V) Voltage (V)

None

497.9

817.4

44.2

514.2

794.9

2,005.5

1,562

1,014.2

1,091.8

3,193.1

3,079.2

After installing the external ground grid, the areas with
low touch voltage are expanded inside the ground grid.
This reduces the risk of personnel working in the
substation. We can see from Figures 10 and 13 that the
maximum touch voltage of 640.27 volt at point T1
reduced to 391.34 volt at point T2. Also, the maximum
step voltage is shifted from S1 (177.98 volt) in Figure 11
to point S2 (141.87 volt) in Figure 14.

Fig.10. Touch voltage magnitude of existing system.

Fig.11. Step voltage magnitude of existing system.

Effect of Size of Ground Grid Conductor
It can be observed from Table 2 that GPR, touch voltage
and step voltage are not much varied when the size of
ground grid decreases from 240 mm2 to 95 mm2.
Therefore, the 95 mm2 is able to acceptably substitute the
existing 240 mm2. By means of this method, GPR and
touch voltage see an increase of 0.44% (1,170.2 volt to
1,175.4 volt) and of 0.83% (640.27 volt to 645.55 volt)
respectively whereas step voltage is decreased 2.36%
(177.98 volt to 173.78 volt).

Fig.12. Ground potential rise of 240 mm2 external ground
grid with 6 m ground rod.

Effect of Depth of Ground Grid

Fig.9. Ground potential rise for existing system.

72

The ground grid with an external ground conductor is
analyzed to demonstrate the effect of its depth on the
voltage performance. The tests results obtained from the
depth of ground grid at 0.6, and 1.0 m are compared to
those at the depth of 0.5 m. It is found that the value of
GPR at the depth of 0.6 m is slightly different from that
at the depth of 0.5 m. But GPR, touch voltage and step
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voltage at a depth of 1 m are approximately reduced by
9.64%(1,170.2 volt to 1,057.4 volt), 27.73%(640.27 volt
to 501.14 volt), and 41.16%(177.98 volt to 104.72 volt)
respectively. Therefore, placing ground grid at deep level
is useful to improve the voltage performance indices.

obtained from the same size of ground grid but with a 2.4
m ground rod is 65.15%, it violates the safety constraint.
Table 5. Investment cost for different configurations
Rod ConfiguraLength
tion
(m)

2.4

3.0

6.0

Investment Cost (Million Baht)
2

Cross-Section Area of Ground Grid (mm )
240

185

120

95

without grid

1.08

0.86

0.59

0.46

with grid

1.23

0.98

0.67

0.52

without grid

1.10

0.88

0.61

0.48

with grid

1.25

1.00

0.68

0.54

without grid

1.17

0.95

0.68

0.55

with grid

1.32

1.07

0.76

0.61

without grid: without external ground grid
with grid: with external ground grid

Fig.13. Touch Voltage Magnitude of 240 mm2 external
ground grid with 6 m ground rod.

1.60

1.40

1.32
1.10 1.17
1.25
1.23

Investment Cost (Million Baht)

1.20
1.07
0.88 0.95
0.98 1.00

1.08
1.00
0.86

0.76
0.61 0.68
0.67 0.68

0.80

0.59

0.60

0.61
0.48 0.55
0.52 0.54
0.46

0.40

0.20

240

185

120

95

Cross Section Area (sq.mm)
Rod 2.4m (Existing)
Rod 3.0m
Rod 6.0m

Fig.14. Step voltage magnitude of 240 mm2 external ground
grid with 6 m ground rod.

6.

ECONOMIC ANALYSIS

For the practical design in substations of the MEA
system, ground grid conductors with a cross sectional
area of 240 mm2 and ground rods with a length of 2.4 m
have been in use. For the purpose of further
investigation, we have analyzed the safety criteria using
other sizes of ground grid and ground rods available in
the market under the constraint that the step and tough
voltages must abide by the safety criteria specified in
Tables 3 and 4, based on a surface layer resistivity of
514.2 ohm-m. The results are listed in Table 5 and
graphically shown in Figure 15. It is found that from
safety point of view, the 6 m ground rod with 240 mm2
external ground grid is the most suitable for this
particular case study but is not cost-effective (1.32
million baht of investment cost). The 95 mm2 ground
grid and the 6 m ground rods are adequate to satisfy the
safety criteria while the investment cost is only 0.61
million baht. This configuration would represent the
optimal condition, making a significant saving of 0.71
million baht (53.79%). Note that although the saving

Rod 2.4m External Ground Grid
Rod 3.0m External Ground Grid
Rod 6.0m External Ground Grid

Fig.15. Investment cost for different configurations of
grounding system.

7.

APPLICABILITY

The main achievement obtained from this research is the
ability to analyze whether a grounding design for a
substation is safe for those who are working inside
whenever there is a short circuit. Substations with low
grounding resistances do not always guarantee personal
safety because touch and step voltages are also relevant
factors. The new safety criteria can replace the existing
ones for new substations in MEA without significant
change in GPR, touch voltage and step voltage; for
example, reducing the cross section area of ground grid
from 240 mm2 to 95 mm2 or increasing the length of
ground rod from 2.4 m to 3 m or 6 m. Most importantly,
the new criteria introduce lower installation cost for
substation grounding, compared with the existing ones.
The work carried out in this paper takes into
consideration the safety criteria based on IEEE-Std 802000 for the construction of substations in the MEA
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service areas covering three provinces; namely,
Bangkok, Nonthaburi and Samutprakarn. Because soil
characteristics in the MEA service areas obtained from
several field tests are not much physically different (i.e.,
the soil can be characterized by two layers of which the
top layer resistivity is greater than that of the bottom
one), the presented method can be, to certain extent, used
for substations only in the areas. However, if the method
were to be applied in any other areas in Thailand,
measurement of soil resistivity would be strongly
recommended as it is one of the most important factors
in the calculation of safety criteria.
8.

CONCLUSION

This paper presents a safety design of ground grid in
distribution substation. The ground grid design for an
MEA substation is analyzed with the main objective to
assess its grounding system condition in terms of ground
potential rise, touch voltage and step voltage. These three
parameters are investigated to ensure that they satisfy the
safety criteria defined in the IEEE Std 80-2000. The test
results confirm that the length of ground rod and the
number of conductors attached at the boundary of ground
grid are a practical solution to reduce GPR, touch
voltage, and step voltage. On the basis of the test results,
a ground rod of 6 m and ground grid with a cross-section
area of 95 mm2 could be a suitable option for the
grounding system. However, as far as installation costs
and other necessary expenses in grounding system
planning is concerned, the length of ground rods and the
size of conductor should financially reflect incremental
total cost and worth for various alternatives while
respecting the established safety criteria.
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Development of a New Program for Design and Analysis of
PV Hybrid System for Target Area in Thailand
Surasak Noitubtim and Boonyang Plangklang

Abstract— This paper presents the development of a new software program for the Design and Analysis the PV-Hybrid
system for Thailand that never published anywhere before. The Utility of this software is finding of sizing and
categorizing of optimal system in target area of Thailand. In this paper, we use hourly simulation technique methods.
The first step in sizing, the long term duration of sunshine data recorded for five years are used to calculate the daily
mean maximum duration sunshine in a year. These data are used to estimate the global radiation on horizontal surface
from linear relation in Angstrom equation. Next, the calculated radiation data is used as initial input to systems.
Finally, we solve sizing of PV hybrid system by linear programming model. The reliability level is measured in term of
loss of load probability (LOLP).
Keywords— Design PV hybrid system, analysis software.

1.

INTRODUCTION

The important of designing the PV-hybrid system is the
reliability. The reliability depends on sizing and
constructing of the PV hybrid system which must be
appropriated for the load demand with more solar
fraction. The method [1] demonstrates to analysis of the
sizing system and relation of the reliability level by
compared between the averages of solar energy with the
average of load demand from statistic of many station
nearly at the site location. The method is easy to
calculate the size but not attended the changing value of
solar energy and solar is the direct effect to the ability of
power distribution. To create the map of co-efficiency
for calculation of system size is difficult. Then the
average of solar energy are developed in afterwards [2]
which easier than the statistic of solar energy but this
method has to make the mathematic model for analysis
of sizing and the reliability level of system. The method
is reproducing the duration.
From mentioned methods, they are difficult to
calculate the sizing system. It needs expertness and the
average of statistic of solar energy for sizing analysis.
The sizing result of the mentioned methods is sometime
smaller than would be. Therefore, this paper proposes a
new development program for design and analysis of the
PV-hybrid system for target area in Thailand using
Matlab. The paper will show the result case study PVhybrid system for the site-location at Phathumthani
province, Thailand. The province locates at latitude

14.20°N and longitude 100.34°E. From the implementation of new program, the sizing is correctly calculated
and the graph analysis is created, moreover, the
calculation time is also fast.
2.

BESIC CONCEPT THEORY

2.1 Irradiation on horizontal surface
In clear sky, the irradiation depends on the distance
between the earth and the sun with according to the angle
between direction of horizontal solar and density of
steam [3]. Equation (1) is used for calculation the total
intensity of irradiation and equation (2) is for calculate
the intensity of direction irradiation.
Gc

∑

i= 0

 z 
ai 
 90 

6
 z 
Ic = F ∑ bi 
 90 
i=0

when:

Gc
Ic
ai, bi

2i

−1

(1)

2i

(2)

is Intensity of horizontal irradiation in
clear sky
is Intensity of direction horizontal
irradiation in clear sky
is Co-efficiently

and F = 1 − 0 .0335 sin [360 (D − 94 )]
365

Z = cos
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6

= F

(sin

(3)

L sin δ + cos L cos δ cos h )

(4)

 360
 365

(5)

δ = 23 . 45 sin 

(284


+ D )


Hour angle (h) depended on solar time and Longitude
of the location of station find out in (6), (7), (8), (9):
Before noon (h) = 15 (solar time – 12)

(6)
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After noon (h) = 15 (1solar time + 12)

(7)

By: Solar time = LST ± 4(Lo(std) - Lo(local) ) + EOT (8)
  360
(D − 81) − 7.5 cos 360 (D − 81)
EOT = 9.87 sin 2

 364

  364

 360
(D − 81)
− 1.5 sin
 364

when:

Radiation at cloudy sky

The irradiation is absorbed by steam and medium in
climate and can be measured by Clearness Index (kd).
The (kd) is the ratio between total irradiation in cloudy
sky with the total irradiation on clear sky show in
equation 16.

(9)

Kd =

LST is Local Standard Time
Lo(std) is latitude of the country
Lo(local) is longitude of the country
EOT is Equation of Time

Dc = Gc − Ic cos ( z )

ID =

when:

(10)

Irradiation on tilt angle

The irradiation on tilt angle is included the reflected
irradiation. The quantity of the irradiation depends on
climate at the site location. The value of direct irradiation
factor (RB) is at location in north part which the face of
the PV-panel set to south.

 cos i 
RB = 

 cos z 
=
when:

cos( l − β ) cos σ cos h + sin( L − β ) sin σ
cos L cos σ cos h + sin L sin σ
L
δ
h
Β

(16)

(1− r )
d

cos z

To apply for calculation of the total tilt irradiation in
cloud sky [4], we can abtain as in equation 19.

(G D − D D )
cos ψ
cos z

(12)


 1 + cos β  
DD 
 1 +
2




D
1 + 1 −  D

GD



 1 + cos β 
D (β ) = (Ic + Dc )ρ g 

2



(13)

1 − cos β 
Gc = (Ic + Dc )ρg 

2



(14)

2

DD  
1 − 
  sin

 G D  

2
 
2
  cos ψ sin
 

2

2

β
 2


z





 


(19)

ψ = cos −1 (cos( L − β ) cos σ cos h + sin( L − β ) sin σ )
when: G(β) is Total irradiation in tilt angle.

2.4 Relationship between irradiation with long term
duration of sunshine
The long term duration of sunshine is practically used to
predict the solar energy by relation of the linear
Armstrong equation shown as equation 20.
 s 
G
= a + b 
Gc
 s d 

Sd =

Then the total of irradiation can be calculated from
equation below:

1 + cos β 
1 − cos β 
Gβ = IcRB + Dc
+ (Ic + Dc)ρg 

2
2 



(15)

(18)

GD is Horizontal Irradiation in cloud sky
rd is The ratio between diffuse solar radiation
with total solar radiation in cloud sky
DD is Horizontal diffuse solar radiation in
Cloud sky
ID is Horizontal direct solar radiation in
cloud Sky

G (β ) =

is Longitude of location
is Angle between sun with equator
(- 23.45 ๐S + 23.45 ๐N)
is angle hour of sun (-180๐ to + 180๐)
is Angle between horizontal surfaces
with Tilt angle

(17)

GD

(11)

The intensity of diffuse radiation will be calculated by
equation (13). The parts of the tilt angle radiation
calculate from radiation reflected from earth, which coefficiency of reflects is (ρg). Then the calculation of
irradiation intensity (Gp) from equation (13) is:
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GD
Gi

D D = G D − I D cos z

The intensity of diffuse irradiation in clear sky for
calculate by equation (10)

2.2

2.3

when:

2
cos −1 (− tan L tan σ )
15

(20)

(21)

a = 0.2296 + 0.0049 L

(22)

b = 0.5709 + 0.0125 L

(23)

G
Go

is Horizontal solar energy
is Atmosphere solar radiation
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S
Sd
Sm
2.5

is Maximum of number of hour duration
of sunshine from the measurement data
is Number of hour of duration of
sunshine from calculate
is maximum of duration of sunshine
a, b is Co-efficiency [5]

Wb ch = Ah G (Vb . Ns
Wb

when:

Power out of solar panel

The electrical power output of the Photovoltaic panel can
be calculated by equation followings.

 Gβ
∆I PV = α 
 G ref


 Gβ

− 1
 ∆Tref + 

 G ref


(24)

∆V PV = −ν∆Tref − Rs ∆I PV

(25)

I PV = I sc + ∆I PV

(26)

V PV = V ref + ∆ V PV

(27)

The hourly electric power produced by Photovoltaic is
calculated by equation 28.

dis

3.

= Ah

C

)

(33)

(Vb . Ns )

AhG
AhC
ηch
Ccef
Vb
Vb_end
Vb_over
Nc
Wbch
Wbdis

is
is
is
is
is
is
is
is
is
is

(34)

hourly charging current
Hourly Discharging current
Efficiency of charge
Battery capacity
Terminal voltage
End of voltage
Maximum voltage
Number of Cell
Battery power
Battery discharge power

STEP OF THE PROGRAM

Load profile
Data spec
Duration of sunshine

tj

W PV =

∫ (V (t )I (t ))dt
PV

PV

(28)

Horizontal solar radiation

ti

when:

2.6

Ipv
Isc
Iref
Vpv
Vref
Wpv
Rs
α
ν

is Photovoltaic current
is Short circuit current
is Reference of current
is out put voltage
is Reference of voltage
is Power out put
is
Series resistance in photo cell
is Current Co-efficiency
is Voltage Co-efficiency

Tile angle solar radiation

System Estimate from load profile

Model of system hourly duration in year

Optimization system

Temperature of solar cell modeling

The intensity of radiation dependes on the temperature of
the solar panel is shown in equation 29.

Tc = T + (0.02) Gβ

(29)

∆ T = TC - Tref

(30)

Reliability Level
Checking

Panel sizing

when:

2.7

T
is ambient temperature
Tc
is Solar cell temperature
Tref is Solar cell temperature reference

Energy Out-put
Reliability Level

Lead-acid battery modeling

As the Lead Acid Battery is normally used for the PV
hybrid system, therefore the battery is considered for this
study. The state of charge (SOC) of battery can be
calculated by equation 31.
 AhG (i) − AhC (i) 
(31)
SOC(i ) = soc(i - 1) + ηch 

Ccef



Vb= (Vb_ end)(NC) + ((Vb_ over−Vb_ end)(SOC)(NC))

Battery sizing

(32)

Fig. 1. Program analysis diagram.

There are 6 steps of program analysis which can be
described as:

Step 1: The model of horizontal solar irradiation in
clear sky, Firstly program will calculate the total solar
radiation from equation (1) and then calculate direct
solar radiation from equation (2), finally, program will
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find out of diffuse solar radiation by equation (10).
Step 2: The model of tilt angle solar radiation, the
program will estimate of the clearness factor (kd) from
equation (20) and equation (35). The duration of
sunshine is the average of data record in 5 years but must
minus by 0.4 hr before bring data to the equation (37),
(38).

S 
Kd = a + b 
 Sd 

(35)

Sm 
 n 

(36)

S =

5

∑

n =1

Case 2: The power output of PV less than load
demand, the energy is not sufficient; the battery will
discharge to load. If power battery storage is not
sufficient that means the Energy deficit or Unmet Load.
Case 3: The power output of PV to be equal to
power of load is then energy balance.
PV-Module
Model

W PV, W L

No

As in the morning, the atmosphere has more steam,
this affects to the calculation. Then the coefficient a, b,
vary by the latitude of location which calculated by
equation (22), (23), (37) and (38).

and:

−1

(− tan L tan δ ) , i…1, 2 ,3 (37)

m
 Si 
Sm = ∑   ; m…..1,2,3
n =1  m 

Yes
Energy
Storage?

No

Yes

Yes
No

W PV+W B
> WL

Yes

W PV+W B+
W G> W L

No
Energy
balance

Yes
Adjust energy
storage

(38)

Energy
deficit

End

Fig. 2. System analysis diagram.

 365

∑Wl daily (i )
 i =1

(39)
365
PV mod ulesize = 365
(Vref , I ref )


∑Wmdaily (i )
 i =1

365

Step 5: Analysis of sizing and construction of system
by using the linear equation program in MATLAB.

 365

∑Wlnight (i )
 i =1

365
NB =
[C10 .Vb]

when:

BatterySize = N B C10
WLdaily
WLnight
Wmdaily
NB
Vref
Iref

is
is
is
is
is
is

Min

(41)

Daily load
Night load (18.00-06.00)
Power output of Solar panel
Number of Battery
Reference of solar cell voltage
Reference of solar panel current

Case 1: If the power output of PV is more than
load, the surplus energy is charged to battery (PVBattery system). If the energy has more which can not be
used then set to be the Excess Energy.

X

f

T

(x )

Ax ≤ b
Aeq = beq
lb ≤ x ≤ ub

x = linprog ( f , A, b, Aeq, beq, lb, ub )

(40)

Step 4: The simulation is started by comparing the
power produced by PV and load profile by chart in Fig.2.
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Yes

Energy
loss

Step 3: The estimate solar energy in hourly is used to
determine the first value of sizing system as following
equations.

when:

W PV =
WL

W PV <
WL

W PV > W L

2
Si =
cos
15

Case 3

Case 2

Case 1

f
A
Aeq
b, beq
lb, ub

(42)

(43)

is Object Function
is Inequality Constraint
is Equality Constraint
is Vector
is boundary lower and above

Step 6: Increase and decrease of sizing system by
receiving “x“ from last step and confirm to the reliability
level following equation (44).

LOLP =
4.

∑ (EnergyDeficit )
∑ (EnergyLoad)

(44)

PRPGRAM AND EXPERIMENTATION

From the proved equations, a new software program for
PV hybrid design can be developed. The MATLAB
software including GUI is selected for the program. The
feature of software is shown as in Figure 3. The software
is easily used under MATLAB environment. The user
can just have a typical installation of MATLAB and then
using the new software as a tool in MATLAB. The
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program is a graphic interface program. The user can
input load profile, select the system type, location in
Thailand, and then jut click a CALCULATION button,
the results will carry out all necessary information such
as sizing of PV, battery and all components. The
program also calculates and provides the solar radiation
at the location. The program provides very powerful
analysis tool. The user can check the results to
investigate the analysis in order to make the decision.
The analysis shows both graphic and data table. Figure 3
shows the system design and analysis of an example
experiment of a PV-battery system.
The experimental results are demonstrated; firstly, in

table 1, the result shows the comparative monitoring and
simulation of horizontal solar radiation at different
provinces in Thailand. From the table 1, the comparison
has some error however the error is very low so that the
results are acceptable, the maximum average error is
only 2.8%.
To experiment the program design, the selected load
profile as shown in Fig.4 is selected for the design. The
system type is PV-Battery system. The program provides
PV modules and other component information from
industry production data sheet as in table 2 which user
can freely select for design.

Fig. 3. Experiment for calculation of solar radiation of Phathumthani location.
Table 1. Comparison of the solar radiation
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After calculation, table 3 is the results of the design.
The calculation of the new software carries out the sizing
results as shown in table 2 by 2 methods: the proposed
software method and the Thumb rule method [6]. Table 3
shows the PV size of 7200 W and the battery 1728 Ah.
Comparison with Thumb rule in the first column in table
3, we can see that the software has smaller size than the
thumb rule. We can investigate an analysis afterward
such as checking the reliability, Loss of Load Possibility
(LOLP). Table 4 shows important data such as Unmet
load which is zero in this design. The analysis shows also
the power generated from PV for every month. We found
that there is excess energy to system because the solar

energy is produced but no demand. We also can adjust
some feature of LOLP to see the trend of energy
production in order to make a flexible decision as in
table 5. From table 5, we allow 10% of LOLP which
means that the system can have a possibility to cut load
for 10%. The results of PV size and battery is therefore
reduced, PV 3606 Wp, Battery 826Ah, however the
energy excess will increase for this analysis. As this
feature of the program, we can also investigate other
reasons back and forth for the decision such as
increase/decrease the LOLP, Battery, or PV size. This is
very flexible for system design.

Table 2. Sizing result and specification of equipment

Table 3. The results comparison between the proposed program and hand calculation (thumb rule)

Table 4. PV size is 7,200Wp and battery size is 1,728Ah at LOLP=0%
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Table 5. The energy for the system is PV size is 3,606Wp and battery size is 828Ah at LOLP=10%

Fig. 4. Example load profile for design and analysis.

Then to prove more reliability of the program, we
made a comparison of this program with the well known
HOMER program for analysis. We use the same PVBattery size to simulate, the results show as in table 6, 7.
From table 6, the result is the comparison of solar
radiation in the location, we can see that the result has
average error percentage is only 0.54%. Table 7 shows
the energy production at the same PV and battery size,
the result has average error percentage of 0.60%.
5.

CONCLUSIONS

The paper presents the development of a new software
program for designing the PV hybrid system by using
MATLAB environment. To design and analysis the PV
system, it is necessarily to use the data of global
radiation on horizontal surface, therefore this paper also

uses the global radiation by having the long term
duration of sunshine data record for five years. The data
are used for calculation the daily mean maximum
duration sunshine in a year, after that, linear relation in
Angstrom equation are calculated the global radiation on
horizontal surface, next, determining of hourly solar
energy on tilt surface, hourly batter capacity, finally
program will compare last hourly data with hourly load.
The program provides graphic interface for user. The
user can input load profile and select the system type via
graphic tool box. The program also provides information
of system components from industries for system design.
The user can select all design components by the
provided information. To prove the program design, the
selected load profile is input to the program and then
simulation with the comparison of Thumb rule. The
results show that the program is correctly calculated and
had a smaller PV size than the thumb rule method at the
LOLP 100%. After program calculation, the new
software can also provide analysis tools. User can adjust
the LOLP, PV, or Battery size capacity to investigate the
PV system. To prove more reliability of new software,
the comparison with Homer program is implemented.
The results have the error about 0.6%. This can be sure
that the proposed software program is able to design and
analysis the PV-Hybrid system for target area in
Thailand reliably.
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Table 6. The energy of solar in tile angle at 14.20°°N

Table 7. The energy of PV in tile angle at 14.20°°N
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Optimal Scheduling of Hydro Power Generation Using
Deconvolution Technique: A Case Study of Thai Power
System
Keerati Chayakulkheeree

Abstract— In this paper, the deconvolution technique is applied to determine an optimal daily scheduling of hydro
power plants in Thailand. The hydro generating units are model as limited energy units (LEUs) or assigned energy
(AE) units. The energy specified of each hydro unit is compared with the calculated expected energy served (EES) to
determine an optimal scheduling condition. The method is compared to the daily scheduling without deconvolution
process. The simulation results including Loss of Load Probability (LOLP), Loss of Load Hour (LOLH), Expected
Energy Not Served (EENS), and the Equivalent Total Cost (ETC), introduced in the paper are shown and discussed.
With the same EES of hydro generating units, the ETC of the optimal scheduling of using deconvolution is lower than
that of scheduling without deconvolution. The results shows that the deconvolution technique based optimal LEUs
scheduling can dispatch all of daily energy specified at the optimal condition leading to the lower daily operating cost
than that of scheduling without deconvolution calculation. The method can efficiently determine the optimal scheduling
of hydro generating units. The developed program is potentially applicable for preliminary scheduling of LEUs before
solving the unit commitment problem.
Keywords— Energy limited unit, capacity model building, equivalent load duration curve, convolution, deconvolution.

1.

INTRODUCTION

In a power generation scheduling, the operating costs of
the units can be found by loading the units under their
corresponding equivalent load duration curves (ELDCs)
according to the fuel cost and computing the energy
generated by each unit. The algorithm can easily be
implemented if the energy generated by each unit is not
limited and its operating condition is only based on its
generating capacity and availability, for example, coalfired, oil fired, gas turbines and nuclear units. However,
there are units whose energy is constrained by some
other factors. Such units are categorized as limited
energy units (LEUs) or assigned energy (AE) units. In
case of hydroelectric plants, this constraint may be due to
limited reservoir size, run-of-the-river constraint or
seasonal rainfall limitation. The cost associated with
production of this energy is typically very low and it is
most advantageous to use all of the available energy. In
case of a fossil fueled units, the constraint may be due to
limited fuel supply or the limits on emissions. In case of
nuclear, the constraint may be due to insufficient core
energy which prevents the unit being run on base load.
Beside this energy constraint, the LEUs are also limited
by its generating capacity and availability.
In Thailand, the electricity supply industry is presently
a vertically integrated structure. The Electricity
Generating Authority of Thailand (EGAT) owns and
operates transmission network and most of the
generations. The Metropolitan Electricity Authority
(MEA) and the Provincial Electricity Authority (PEA)

Keerati Chayakulkheeree is with Department of Electrical
Engineering, Faculty of Engineering, Sripatum University, 61,
Pahonyothin Rd., Senanikom, Jatujak, Bangkok, Thailand, 10900,
email: keerati.ch@spu.ac.th.

own and operate geographical distribution systems. Since
1990, the private investment in the generation sector
through small power producers (SPPs) and independent
power producers (IPPs) programs has been successfully
introduced. Both SPPs and IPPs sell the electricity to
EGAT based on the long term power purchase
agreements (PPAs). EGAT is a single buyer who
subsequently sells the electricity to the MEA, PEA and
limited number of direct consumers. Fig. 1 shows the
structure of present Thai power system [1]. As of fiscal
year 2008, hydro power shares about 10% of total power
generation in Thailand. In Thailand, hydro power plants
scheduling are strictly based on irrigation requirement.
The reservoirs discharge volumes are specified by the
Royal Irrigation Department (RID) on daily basis.
Therefore, hydro power plants can be modeled as the
ELUs and it is productive to develop the tool for optimal
scheduling of the hydro generating units.
Generation
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Fig. 1. The structure of present Thai power system.

Many techniques have been proposed to determine
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optimal scheduling of LEUs in power systems. Bloom
[2] proposed an iterative decomposition type framework
where reservoir utilization decisions were made by linear
programming master problem and associated marginal
costs and benefits were evaluated by a subproblem. The
algorithms required multiple solution of subproblem to
find the optimal usage of reservoirs. Some heuristic and
artificial based optimization techniques have also been
applied to solve the optimal hydro-thermal scheduling
[3-6]. However, the probabilities of the unit outages are
not included in the problem formulations. To incorporate
the probabilities of the unit outages into optimal hydro
generating units scheduling, the algorithm to optimize
the reservoir utilization by probability production costing
has been proposed by Malik and Cory [7]. Nevertheless,
the framework for applying the technique to practical
problem has not been fully developed due to its intensive
mathematical computation.
In this paper, the program for computing the capacity
model building and deconvolution for large generation
systems is developed. The deconvolution technique is
applied to determine an optimal daily scheduling of
hydro power plant. The hydro generating units are model
as LEUs. The energy specified of each hydro unit is
compared with the calculated expected energy served
(EES) to determine an optimal scheduling condition. The
method is compared to the daily scheduling without
deconvolution process. The results shown that
deconvolution technique can dispatch efficiently utilize
the specified energy of hydro generating units, leading to
lower total fuel cost. The method is potentially
applicable for preliminary scheduling of LEUs before
solving the unit commitment problem.
2.

PROBLEM FORMULATION FOR OPTIMAL
SCHEDULING OF ENERGY LIMITED UNITS

2.1 A Recursive Algorithm for Capacity Model Building
With merit order operation, if generating units were
completely reliable and thus always available when
called upon to generate, the areas occupied by each unit
under the original load duration curve (LDC) would be
sufficient to determine unit specific generated energy.
However, generating units are unanticipatedly forced out
of service resulting in increased calls for generation on
units higher in the merit order.
The increased demand for generation by a specific unit
resulting from the forced outage rates (FOR) of all
previously loaded units is accounted by modifying the
LDC to reflect these forced outages.
This is
accomplished by computing the equivalent load on a
particular unit which is the sum of customer demand and
forced outage of previously loaded generators. The
cumulative probability distribution, or ELDC, gives the
total probability that customer load plus the capacity on
forced outage equals or exceeds a given value X when
the generating system through the ith unit out of NG total
units is being considered.
Each time a unit is loaded, its forced outages have to
be added to the current ELDC to derive the new ELDC
which reflect the demand seen by the next unit in the
merit order. This addition depends on the probability
84

distribution characterizing the forced outages the unit.
After the outages of all available units have been added
to the customer load, the EENS may be obtained as an
area under the resulting ELDC, thus providing a measure
of system reliability. The height of the same curve at the
capacity point of the system is the loss of load
probability (LOLP), that is, the expected proportion of
time that customer demand may exceed available
generating capacity.
By a recursive algorithm for capacity model building
[8], the cumulative probability of a particular capacity
outage state of X MW or the equivalent load duration
curve, after a unit generating at PGi MW and force
outage rate FORi is considered, is given by,

ELDC i ( X ) = (1 − FORi ) ⋅ ELDC i −1 ( X ) +

(1)

FORi ⋅ ELDC i −1 ( X − PGi ),
where,

PGi = the real power generation of unit i (MW),
ELDCi(X) = the equivalent load duration curve when the
unit i is considered,
ELDCNG(X) = the equivalent load duration curve when
all units are considered,
ELDC 0 ( X ) = LDC ( X ) = the original system load
duration curve,
FORi = the FOR of generator i, and

ST = the step size used in the calculation (MW).
The Appendix illustrates the probability table of the
recursive algorithm for capacity model building. To
generalize the algorithm, the step size (ST) used in this
paper is one MW. Fig. 2 shows the ELDC after taken
into account the units FOR.
ELDC(X)

ELDCi-1(X)
ELDCNG(X)

ELDC0(X)
(LDC)

θ

∫ ELDC

NG

( X )dX

IC NG

LOLP
ICi-1
IC i

∫ ELDC

i −1

ICi

ICNG

θ

X (MW)

( X )dX

IC i − 1

Fig. 2. ELDC obtained by a recursive algorithm for
capacity model building.

2.2 Deconvolution Process
Deconvolution is the reverse process of convolution.
From (1), to find the previous ELDC, with the outage of
unit i removed from the ELDC, the outage of unit i can
be deconvolved by rearranging (1) as follows:
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ELDCi −1 ( X ) =

1
⋅ ELDCi ( X ) +
1 − FORi

Read Input Data; daily load curve, thermal power
generating units, and ELUs

(2)

FORi
⋅ ELDCi −1 ( X − PGi )
1 − FORi

Compute ELDC by convolving all thermal units
Compute ELDC by convolving the jth ELU

Similarly on the ELDC, the outage effect of unit j,
which was loaded previously and not necessarily
adjacent to unit i can be removed by the following (3).
/
The new ELDC ( ELDC ) after the effect of unit j, can
be computed as,
1
ELDC ( X ) =
⋅ ELDCi −1 ( X ) +
1 − FORi
'
i −1

Does the EESj match the specified
energy of the jth ELU ?

YES

NO

Compute ELDC/ by deconvolving the jth ELU

(3)

FORi
⋅ ELDCi'−1 ( X − PGj )
1 − FORi

Have all ELUs been convolved ?

YES

NO

2.3 Expected Energy Served and Not Served

j = j+1

The expected energy served by generator i is calculated
by,
STOP
IC i

∫ ELDC

ESi = (1 − FORi ) ⋅ T ⋅

i −1

( X )dX

IC i −1

The computation of ESi and EENS is illustrated in Fig.
2. The deconvolution of each LEU is preceded until its
EENS matches its daily energy assigned. The
computational procedure is shown in Fig. 3.

and the total daily operating cost is,
NG

NG

i =1

i =1

ETC = ∑ FCi = ∑ PFCi ⋅ ES i

(5)

3.

The expected energy not served is calculated by,

EENS = T ⋅

θ

∫ ELDC

NG

( X )dX

(6)

IC NG

where
ESi = the expected energy served by generator i (MWh),
T = total period under consideration (24 h),
ICi-1 = the sum of capacity when the generating system
through the i-1th unit is being considered with merit
order operation (MW),
ICi = the sum of capacity when the generating system
through the ith unit is being considered with merit order
operation (MW),
FCi = Daily fuel cost of generator i (THB),
PFCi = Per unit fuel cost of generator i (THB/MWh).
EENS = the expected energy not served (MWh)
ICNG = total installed capacity (MW)

θ = X ELDC
(MW).

NG

( X )=0

Fig. 3. Computational procedure.

(4)

SIMULATION RESULTS

The test data are arbitrarily chosen from historical data of
Thailand power system. The data are simplified and
unavailable data are chosen from standard values. There
are 99 power generating units, including hydro plants
taken into account in the simulation. SPP power plants,
with their installed capacity of 2092.8 MW, are
dispatched based on the power purchase agreements
which are not based on its prices. They are modeled in
the load curve based on the power purchase agreement to
operate at full capacity from 08.00 a.m. to 08.00 p.m. on
weekdays and at 65% of the full capacity from 8.00 p.m.
to 8.00 a.m. on weekdays, and whole Saturday and
Sunday. IPP and EGAT power plants are operated
according to the merit order. The daily load curve of
Thailand peak day in 2008, shown in Fig. 4, with the
peak of 22568.20 MW, is used in the simulation.
The simulation results are based on comparison of two
methods as shown in Case 1 and 2, without and with
deconvolution technique, respectively, as follows.
•

= the equivalent system peak load
•

Case 1: Hydro power plants are modeled in the load
curve by using the equivalent MW from the
historical water discharge data without using
deconvolution technique and
Case 2: Hydro power plants are convolved and
deconvolved using the deconvolution technique.
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x 10

system, the total annual savings in THB could be
substantial. This implies that deconvolution can
efficiently utilize the specified energy of hydro
generating units.

4
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Fig. 4. Daily load curve of Thailand peak day in 2008.
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Fig. 6. The daily load curve with historical hydro power
plants loading (Case 1).

1
Operating
C ond ition
of H yd ro
P o w er
P lan ts

0.9

1.26 x 10-12
23674.902

S yste m L oa d
D uratio n C u rve (LD C )
w ith m ode le d S P P s

0.8

Installe d
C apa city
E xcluding
SPPs

0.7

493.228

D u ratio n

0.6

493.577

In this simulation, the LOLP of scheduling with
deconvolution is shown to be higher than that of
scheduling without deconvolution leading to the higher
LOLH and EENS. However, with the same EES of hydro
generating units, the ETC of the optimal scheduling of
using deconvolution is lower than that without
deconvolution. The optimal condition for hydro
generating units scheduling is to operate them in between
1820.51 MW to 2162.88 MW of the load curve as shown
in Fig.7. Despite the small daily saving of the Thai
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Table 1. The summary results
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The ELDC with and without deconvolutions are
shown in Fig. 5 and 6, respectively. Table 1 shows the
simulation results including LOLP, LOLH, EENS, ETC,
and the total ES of hydro generating units of Case 1 and
Case 2. In Fig. 5., the hydro power plants are modeled in
the load curve and installed capacity excluding the hydro
power plants and SPP is shown. The daily load curve
with hydro power plants loading is shown in Fig. 6. In
Fig. 7, the hydro power plants are loading in to the
ELDC using deconvolution technique and the installed
capacity including hydro power plant but excluding SPP
is shown.
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Fig. 7. The result from deconvolution for optimal
scheduling of hydro generating units (Case 2).
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4.

CONCLUSION

The deconvolution technique base optimal scheduling of
LEUs in power system has been investigated. The
method can efficiently determine the optimal scheduling
of hydro generating units. The developed program is
potentially applicable for preliminary scheduling of
LEUs before solving the unit commitment problem.
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Barriers to the Adoption of Renewable and Energy-Efficient
Technologies in the Vietnamese Power Sector
Nhan T. Nguyen, Minh Ha-Duong, Thanh C. Tran, Ram M. Shrestha,
and Franck Nadaud

Abstract— This paper provides a discussion of the major barriers to the deployment of geothermal, small hydro and
advanced coal power generation technologies in Vietnam. It ranks their severity by applying the analytical hierarchy
process to data from a survey of 37 domestic experts and stakeholders. Key barriers to a wider penetration of small
hydro generation technologies are insufficient capital, a lack of domestic suppliers and unsatisfactory government
policies. Barriers to geothermal power are related to information and awareness problems, a lack of R&D and
industrial capability, a weak policy framework and the remoteness of geothermal sites. For advanced coal power
technologies, the barriers are weak industrial capability, high electricity production cost and a lack of technical
knowledge. The experts consulted in this study view changes in government actions as the key to overcoming the
abovementioned barriers. They recommend investing more in R&D activities, improving R&D capacity through jointventure schemes and reforming investment policy/legislation for the electric power industry as the most appropriate
solutions.
Keywords— Analytical hierarchy process, renewables, energy efficient technologies.

1.

INTRODUCTION

There are many clean and energy-efficient technologies
available on the market that can contribute to sustainable
development and energy security in developing
economies. In practice, however, these technologies are
rarely used. Barriers clearly exist that prevent energyefficient technologies from being more widely utilized.
Meyers [1] and UNFCCC [2] outline the following types
of barriers: (i) institutional, (ii) political, (iii)
technological, (iv) economic, (v) information, (vi)
financial, (vii) cultural and (viii) general barriers.
While there are a number of publications examining
the barriers to adoption of energy-efficient technologies
in various developing countries [3], [4], [5], [6], [7], [8],
[9], [10], [11], none of this research is specific to
Vietnam. This paper adds to the existing literature by
using a systematic approach to identify and rank the
major barriers to a wider adoption of cleaner, more
efficient technologies in Vietnam’s power sector.
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Currently, the power sector in Vietnam is facing both
high demand for growth and increased concerns about air
pollution, with the added problems of limited capital and
outdated and inefficient generation plants.
In 2009, recently installed coal-fired plants using the
conventional pulverized coal technology had a thermal
efficiency of approximately 41%, and those using
circulating fluidized bed technology had a thermal
efficiency of around 36% (but were able to burn lowgrade coal). Currently, Vietnam has a few modern
natural gas-fired power plants, especially in the southern
part of the country. However, most existing thermal
power plants use old technologies and are relatively
inefficient, in the 28%-32% range. This inefficiency
leads to a relatively high consumption rate, about 650 g700 g of standard coal/kWh.
To meet the increasing demand for electricity services
expected in 2010-2030, Vietnam can rely largely on
domestic coal reserves, which were estimated at 3.808
million tons as of January 2002 and are 85% anthracite
coal (heat value ranges between 5200 kcal/kg and
5700 kcal/kg). Over the period of 2002−2020, the
qualified coal yield is expected to increase from 13.8
million tons to 30 million tons per year, and it could
reach 40 million tons per year in 2030. To exploit this
resource, an intense generation capacity expansion plan
based on coal-fired generation is already underway [12],
[13]. So far, all coal-fired generating plants that have
already been committed to and those planned in the years
leading up to 2015 are based on conventional pulverized
and circulating fluidized bed technologies. Advanced and
cleaner coal-fired technologies such as IGCC and PFBC
are not yet included in the long-term generation capacity
expansion development master plan. Vietnam has a large
supply of coal, but it is also endowed with a variety of
renewable energy resources (renewables) distributed
throughout the country. These resources can be used for
electricity generation. Their ultimate potentials are
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poorly known, but current estimates suggest that a very
small portion of available renewable energy flows is
being tapped at present (see Table 1). Looking ahead,
governmental organizations state that by 2030, about 5%
of all electricity generated should come from renewable
sources. This goal is rather modest compared to those of
other countries [14].
In this study, we considered small hydro and
geothermal energy generation technologies (collectively
called RETs hereafter) and cleaner coal generation
technologies, including pressurized fluidized-bed
combustion (PFBC) and integrated gasification
combined cycle (IGCC) coal-fired technologies
(hereafter collectively called CCTs) as potentially
profitable technologies for the country’s electricity
generation portfolio given the significant potential of
their natural resources, and the current conditions
regarding electricity pricing and policies in Vietnam. If
barriers to the adoption of these technologies can be
overcome, overall efficiency will be significantly
increased and would definitely improve Vietnam’s
energy security and climate change posture. The next
section describes two surveys that were used to gather
experts' opinions about (1) barriers to implementing
efficient energy technologies and (2) policies and
measures related to these technologies. It also discusses
the characteristics of the sample and outlines the
mathematical principles of the Analytical Hierarchy
Process (AHP), which has been widely applied for multiobjectives analysis and decision making issues [15], [16],
[17], [18], [6]. Sections 3 to 5 present the results and
examine barriers to energy efficiency in both concrete
and specific terms. Renewable energy technologies are
discussed, as are cleaner coal technologies. Finally, this
paper provides an overview of appropriate policies and
measures for overcoming barriers to energy efficiency.
Section 6 concludes the paper.

of points of view, we aimed at a balanced distribution of
the number of actors across groups. The list of
experts/stakeholders is presented in the Annex.
Excluding non-replies and inconsistent replies1, we
collected 37 completed questionnaires from the total of
62 expert questionnaires distributed (Table 3). Expert
Choice software [19] was used to compute the final
weight for each barrier and to check the consistency of
the analysis.

2.

Step 4: These weights were aggregated within each
expert group.

METHODS

2.1 The sample
One of the authors, Dr. Tran Chi Thanh (Institute of
Energy in Vietnam) has conducted the questionnairebased research survey. Opinions and judgments were
collected from domestic experts and stakeholders. All
respondents were knowledgeable about the power sector
and familiar with clean and efficient energy generation
technologies and the barriers hindering their widespread
adoption in Vietnam. The experts were from the Ministry
of Industry and Trade (MOIT), the Ministry of Natural
Resources and Environment (MONRE), the Ministry of
Planning and Investment (MPI), The Electricity
Corporation of Vietnam (EVN), the Institute of Energy
of Vietnam (IE), Electric Utility, Ha Noi Polytechnic
Institute, and private companies, manufacturers and
suppliers.
For consistent ranking and evaluation, we classified
these experts into six groups, as shown in Table 3:
energy experts (A1), environmental experts (A2), policymakers (A3), project developers and power facility
owners (A4), equipment manufacturers and suppliers
(A5) and electricity users (A6). To maintain a diversity
90

2.2 Identification and ranking of major barriers: First
survey
Generally, barriers are defined as factors that inhibit
technology transfer. In this study, three electricity
generation technologies were considered: small hydro,
geothermal, and high-efficiency coal. As discussed
above, there seem to be major barriers to the diffusion of
these technologies in Vietnam. The study was organized
according to the following steps:
Step 1: An overall review of the academic literature
and technical reports was carried out to list all of the
barriers that have been noted as hindering the widespread
adoption of clean and energy-efficient technologies in
the power sector. The lists were further refined through
discussions with the country’s key experts. The full list
of relevant barriers was then narrowed down to a short
list of five major barriers for each of the three selected
generation technologies.
Step 2: Five criteria were developed to evaluate and
rank the barriers: monetary cost to remove the barriers,
level of effort required creating awareness, and level of
political or bureaucratic effort needed to remove barriers,
impact of barriers on the adoption of a technology and
lifespan of the barriers.
Step 3: Each expert provided weights for each pair of
technologies or criteria.

Finally, the barriers were ranked by aggregating the
data across criteria and groups using weighted averages.
The weights used for the five criteria are presented in
Table 4, and those for the expert groups are presented in
Table 3. These weights are based on the judgments of the
experts.
Mathematically, AHP estimates priority weights for a
set of criteria or alternatives from a square matrix of
pair-wise comparisons, A = [aij], which is positive.
Should the paired comparison judgment be perfectly
consistent, the matrix is reciprocal, i.e., aij = 1/aji for all
i,j = 1, 2, 3... n. The final normalized weight wi for the ith
element is given as:

1
The pair-wise comparison matrix should have a consistency level
within 10% (Saaty, 2006). Inconsistent replies are those in which the
pair-wise comparisons are inconsistent by over 10%. The required level
of consistency was maintained through a re-examination process when
necessary. Thus, we did not consider any questionnaire response with
an inconsistency level of over 10% in the analysis.
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w = a /  ∑ a ∀ = 1,2...n
i
ij 
kj  k
k = 1


was necessary (i.e., 1.5, 2.5, and 3.5) (Table 2).
(1)

The individual pair-wise matrices provided by the
group members for the alternative options in each
criterion are used to obtain the aggregated pair-wise
matrix for each criterion. In this study, the geometric
mean method is used, with the formula:

 n
1
Wi =  ∏ aij 
 j =1  n

(2)

Finally, the total weighted average score for each
identified policy or measure, for every technology, was
aggregated by a simple calculation using the
criteria/policy matrix. Desirable policies and measures
are those that garnered more than 50% in total weighted
average score. The study recommendations were made
based on this determination of the desirability of the
policies and measures.
Formally, let aij,k denote the score given by expert i to
alternative j based on the criterion k . The variable n
denotes the total number of experts interviewed. Scores
were first averaged across experts:

where n is number of members and aij is the preference
of member a for elements ‘i’ through ‘j’.
2.3 Identification and evaluation of policies and
measures: Second survey
The energy literature offers a wide variety of policies and
measures to promote the adoption of clean or efficient
power generation technologies in developing countries
like Vietnam [20], [21], [2], [22], [23], [24], [25]. The
recommendations are generally grouped into five
categories: (i) economic instruments: taxes, subsidies,
sector reforms; (ii) innovative financial mechanisms; (iii)
information, education and technical assistance
programs; (iv) command and control measures and (v)
research and development.
In this study, the policy assessment process was
performed using the experts' opinions. The study used
the experts’ judgments to construct a criteria/policy
evaluation matrix. Each expert's main task was to assess,
for each of the cells in the evaluation matrix, the
predicted impact of each criterion on the policy. For a
more convenient opinion-collection process, the pairwise comparison matrix was converted into a sequence
of questions including instructions and a description of
the goal of the study. The second part of the study was
organized as follows:
Step 1: A review of the literature and existing policies
was performed, and discussions with experts and policy
makers in the field were conducted to establish criteria
for evaluating policies and measures and to create a short
list of policies and measures that could potentially
remove the identified barriers.
Step 2: The selected evaluation criteria were evaluated
(score weighted) for their priority preferences using
AHP, based on the expert responses. These criteria
include: (i) anticipated effectiveness, (ii) economic
consideration (cost of policy implementation), (iii)
macro-economic
consideration,
(iv)
political
acceptability and (v) administration feasibility.
Step 3: Each policy and measure on the short list was
evaluated and judged for each technology, using the
criteria specified by the experts. The subjective
judgments for both the criteria and the policies and
measures were given using qualitative scores: “poor” =
1, “good” = 2, “very good” = 3 and “excellent” = 4.
Intermediate scores were acceptable when compromise

n
1
S j ,k = ∑ × aij ,k
i =1 n

(3).

Then, the criteria were aggregated using a weighted
average. The weights wk of the criteria k were based on
experts’ opinions.

p j = ∑ wk × S j ,k

(4)

k

3.

BARRIERS TO GEOTHERMAL AND SMALL
HYDROELECTRIC POWER GENERATION

Table 5 shows the results of Study 1. For each
technology, it lists the five barriers that emerged from
the literature review and ranks them according to the
aggregation of the experts’ judgments. This section
discusses barriers to the adoption of geothermal and
small hydro technologies only. Barriers to cleaner coal
technologies (lower third of the table) are discussed in
the section that follows.
This section addresses barriers that fall into the
categories of economic/financial (high initial investment
and production cost, lack of capital investment and
scarcity of financial resources), awareness/information,
institutional, and political/regulatory. In addition, for
small hydropower technology, it assesses the lack of
domestic equipment suppliers and technical services. For
geothermal technology, the remote location of renewable
resources is examined.
3.1 Economic/financial barriers
As in other developing countries, economic and financial
issues are considered to be crucial for the development of
RETs in Vietnam. The experts and stakeholders
interviewed argued that small hydropower in Vietnam
could not be widely implemented mainly due to a lack of
capital. High electricity production cost is considered to
be a major barrier preventing the utilization of
geothermal power. AHP rankings (Table 5) show that in
the case of small hydropower, among the five major
barriers, the financial hurdle is the most important
barrier, and the economic issue of high production cost is
the least important barrier.
The extra costs preventing the widespread adoption of
renewables in the Vietnamese power sector arise as a
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result of difficult geography, the weak financial and
managerial capabilities of investors and project
developers, the poor qualifications of commercial banks,
an inadequate electricity pricing system, and a deficiency
in the government’s policies and incentives.
Moreover, renewable resource sites are located
primarily in remote areas of Vietnam, away from load
centers and difficult to access. The people living in these
areas are poor and under-educated. Inadequate
infrastructure makes it difficult to develop renewable
resources for generating electricity. Capital investments
and financial resources are difficult to attract to these
areas because of a lack of incentives.
In light of this difficulty, the Vietnamese government
has recently appealed to sources of financial capital to
help implement a series of investment plans that call for
the creation of small hydropower plants. These plants are
intended to spur economic development as well as to
serve remote areas. State-owned companies or
subsidiaries of state enterprises are often appointed as the
owners of these hydroelectric projects, which are to be
realized in the form of small joint-stock hydroelectric
companies. Most owners cannot acquire enough capital
to finance the projects, and 80−90% or more of the
capital for these projects takes the form of bank loans,
especially from domestic commercial banks. Therefore,
these joint-stock companies often have a tendency to
expect interventions or sponsorships from the
government, rather than to be active in negotiating and
seeking adequate financing agreements (local, national,
and international) for the projects through power
purchasing agreements before beginning work on the
projects. Some owners even fail to estimate the financial
requirements of the projects, which can result in delays
or postponements.
Domestic commercial banks play an increasingly
important role in financing renewable resource projects,
including those using small hydropower technologies.
However, the insufficient capacity of some of the banks
to appraise projects has been problematic. This has
sometimes led to ineligible projects receiving loans while
qualified projects are denied funding.
Another economic barrier is the manipulation of the
prices of fossil fuels and electricity, which can make
renewable resources less attractive to investors and
independent power producers in Vietnam. As a result of
subsidized prices for fossil fuels and electricity, and
without a nation-wide production cost sharing system,
the investment rates for renewable resource projects are
generally still much higher than fossil fuel prices and
electricity costs.
3.2 Awareness and information barriers
The potential positive side benefits of renewables,
including small hydropower and geothermal energy,
have not yet been systematically estimated with any
precision. Information on local markets and physical
potentials is crucial to project developers, but this
information is often unavailable. Vietnam’s databases on
the potential of renewable energy resources are limited,
scattered, dispersed, and infrequently updated, creating
difficulties for developers in analyzing and evaluating
92

the feasibility of their projects.
The AHP analysis (Table 5) shows that a lack of
information and awareness about technical know-how,
technological development and national renewable
resource potential is the number one barrier to the
deployment of geothermal energy for electricity
generation in Vietnam. In the case of small hydropower
technologies, the information barrier was not ranked as
the biggest obstacle to development, but it was
nonetheless considered to be a predominant barrier that
must not be ignored (Table 5).
A majority of
respondents argued that a lack of reliable data on small
hydroelectric resources has posed many difficulties for
making development plans. Even when the data are
available, they are often dispersed in various sectors and
may not be detailed enough to help project developers
and investors make good decisions.
3.3 Institutional barriers
Many of the experts and stakeholders interviewed
considered both insufficient coordination, due to a
multiplicity of government bodies with energy authority,
and
institutional
capacity
limitations
(R&D,
demonstration and implementation) as critical
institutional hindrances to the proliferation of renewable
technologies in Vietnam. According to the AHP
rankings, the barrier of insufficient coordination among
authorized government bodies and insufficient local
capability to develop and operate the networks is the
fourth most important hindrance to greater adoption of
small hydropower, while institutional capacity
limitations in R&D and technological and industrial
capability form the second most important major barrier
to the penetration of geothermal energy technology.
In practice, the management missions of small
hydroelectric sources in Vietnam are inadequate and
irrational. There are various functional government
bodies from the central to the local levels that are
authorized to exploit renewable resources. In some cases,
these responsibilities have been managed in a way that
prolonged the investment decision-making process or
obstructed the execution of renewables projects. For
instance, [22] provided that EVN once had a plan to
purchase electricity from 49 small hydropower projects,
but many local organizations were unprepared or
unwilling to cooperate with the plan, which caused long
delays in the execution of those projects.
Our interviews also revealed that there is no clear
division of authority between units functioning at the
state level, such as EVN, and provincial and local
authorities when it comes to exploiting and developing
renewable resources for electricity production. For
example, some renewable resource power stations were
constructed and put into service by the government, but
the operation and maintenance responsibilities of the
relevant parties remained unclear. Provincial and local
units did not have the capacity or the human resources to
manage and maintain the long-term operations of the
plants. While EVN is capable of helping, local-level
actors are unlikely to request this help because there are
no adequate incentives for their staff to work in these
remote locations for long periods of time. No one wants
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responsibility for the operation of the plants due to
insufficient human resources, and projects continue to be
delayed as a result.
There is a lack of adequate guidance and technical
support for operators that prevent the efficient
exploitation of renewable resources. In reality, lots of
small hydropower stations are local investments
managed by independent individuals, with no
involvement from utilities companies or any modern
control system. Without timely access to technical
support and maintenance services, small operational
failures are more likely to escalate to long-term
operational halts or permanent standstills.
As Table 5 shows, a "weak level of scientific,
technological and industrial capability" is the number
two barrier to geothermal power. Interviewees argued
that this barrier exists not only because Vietnam is still a
low-income country, but also due to inadequate
government attention to R&D and the government’s
failure to facilitate science activities and improve human
resources. There are no regional or national research
centers with the necessary basic research facilities and
infrastructures for renewables development. The current
renewables research projects have usually been
spontaneous, with limited budgets, and have been
undertaken in the form of demonstrations, pilot projects
or for reporting purposes only.
3.4 Political and regulatory barriers
To date, the government of Vietnam has not set up clear
or specific policy and regulatory frameworks for clean
energy development. The country is still taking its first
steps toward drafting an overall development plan for
renewables usage. Through the survey, we learned that a
deficiency in the policy and regulatory framework and
weak policy implementation at both the central and local
levels are considered to be chronic constraints to the
wider adoption of small hydropower and geothermal
energy for Vietnam’s power sector. The importance of
this barrier is confirmed by the analytical results (Table
5), which rank political and regulatory constraints as
barrier number three. Moreover, political and regulatory
barriers are considered by most of the experts and
stakeholders interviewed to be “must-be-overcome”
barriers that prevent other barriers from being overcome.
There is a lack of national funding or other appropriate
incentive mechanisms to promote cleaner electricity
usage through R&D, demonstration, implementation, and
utilization. Supportive policy measures related to small
power purchasing agreements (SPPAs), feed-in tariffs,
pricing reflective of clean energy’s extra benefits,
production cost sharing systems, etc., need to be
strategically included in the national regulatory
framework to meet the needs of financiers and
developers of on-grid renewables projects.
Moreover, legislation to reform the electricity market
progresses sluggishly. The historical electricity market
operator, EVN, provides very limited grid-connected
access to renewables. On one hand, developers argue that
they will go bankrupt investing in renewable energy
projects if EVN insists on purchasing their electricity
production at the same pricing level as that for fossil fuel

projects. On the other hand, EVN faces the difficult
situation that their selling prices are already at the ceiling
level (which is controlled by the government) and that
they are in a critical financial situation and therefore
cannot buy electricity at a higher production cost.
Vietnamese government is aware of these issues but
does not seem dedicated to making effective changes in
the short term. Conflicting objectives and interests
among policy-makers have the effect of causing power to
shift to lobbyists, hindering the formulation of policies
and creating incoherent strategies.
The lack of clear legislation and bureaucratic issues
are cited as additional roadblocks to renewables projects
for investors and developers, and particularly for private
and foreign investors. Investing money in renewables
development in Vietnam is presently fraught with doubts
and uncertainties.
3.5 Technical and geographical barriers
As Table 5 shows, the lack of domestic equipment
suppliers and technical services hinders the development
of small hydropower, and the remote locations of the
necessary resources are problematic for geothermal
power.
Survey respondents stated that technical issues have
been a major threat to many small hydropower plants in
Vietnam over the last decade. This is because most
existing and planned small hydropower stations utilize
poor-quality equipment and technologies. Technical
problems usually arise after just a few years of operation,
and interruption of service occurs frequently. At the
moment, there are no domestic commercial enterprises
manufacturing or supplying small hydropower
technologies/equipment and services. Cheap, but often
insufficient, equipment is mostly imported from China.
4.

BARRIERS TO CLEANER COAL-FIRED
TECHNOLOGIES

4.1 Institutional barriers
Although cleaner coal technologies are more efficient
than conventional technologies, their adoption using
technology transfer is barely promoted in Vietnam,
where there continue to be low levels of science and
technology and insufficient industrial capabilities. The
usage of cleaner coal technologies such as PFBC and
IGCC, which allow for the expansion of carbon capture
and storage, require more advanced scientific and
technological capacities.
Experts were asked why Vietnam still prefers to use
conventional technologies (e.g., pulverized and subcritical
pulverized
coal)
over
high-efficiency
technologies such as supercritical or ultra-supercritical
coal. The answer, which is weighted in Table 5 presents
that these technologies are still perceived to be costly,
unproven and unsuitable for usage with local coal types.
Among countries in the region, only China has
succeeded in building several supercritical and ultrasupercritical coal-fired power plants, and there tends to
be little experience with the implementation and
operation of cleaner high efficient coal-combustion
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systems like IGCC and PFBC. In most developing
economies in the region, and especially in Vietnam, any
focus on circulating fluidized bed systems occurs only
because these systems allow for the use of low-grade
coal in the combustion process.
A lack of previous exposure is another reason why
Vietnamese industrial organizations and technical
business stakeholders do not seem to be ready to endorse
these advanced technologies.
Furthermore, since the usage of cleaner coal
technologies is currently limited to non-anthracite coal,
the experts and stakeholders interviewed suggested that
Vietnam should promote the adoption of cleaner coal
technologies for electricity generation with imported
bitumen coal that will be available as soon as 2015.
4.2 Economic/financial barriers
Results in Table 5 shows that economic/financial barriers
are predominant among the major barriers to the
adoption of cleaner coal technologies. In reality, the cost
of cleaner electricity production in Vietnam is still more
expensive than that of conventional technologies that
creates major barriers to the widespread promotion of
these technologies. Currently, low electricity pricing in
Vietnam does not account for environmental effects. The
existing average electricity cost of 5.8 cents (US$/kWh)
in Vietnam is hardly adequate to make up for the high
costs of advanced cleaner coal-fired generation
technologies. The benefits of cleanliness are not fully
accounted for, which prevents investors from laying out
capital resources for advanced low CO2 emissions coalfired power. Even as innovation drives down the cost of
low CO2 emissions coal-fired technologies, it is likely
that these technologies will remain uncompetitive
relative to conventional technologies.
Furthermore, a scarcity of financial resources2 for the
expansion of the power generating system has been
blamed as a key cause of electricity shortages over
several years. Thus, the deployment of expensive
technologies hardly seems financially justifiable and
viable at this stage. Policy makers lean toward less costly
generation options that maintain electricity prices at
levels moderate enough to enable the country’s products
to remain competitive in the global market. In order to
secure funds to finance such a massive expansion of
power generation system, the Government of Vietnam
has drawn out a roadmap, which was approved by the
Prime Minister in 2006 [26] to reform the Vietnamese
electricity market. With this reform, the Government
plans to increase the price of electricity to the long run
marginal cost of 7.5 cents (US$/kWh) by year 2012. In
the context of CO2 emissions reductions, this reform
could provide an opportunity to reconsider the
deployment of advanced coal-fired generation
technologies for producing electricity in Vietnam.

2
The development of power generation source and power network
would require an estimated fund of 4.5 billions USD per annum, while
the EVN’s revenue of electricity sales reached only 2.4 billions USD in
year 2005 [13].
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5.

ASSESSMENT OF POLICIES AND
MEASURES

Survey 2 examined policies and measures that could
potentially help the country to overcome the identified
barriers. Results show many commonalities between the
RETs and CCTs. Key measures include improving R&D
and enhancing investment policy for the power sector.
Moreover, investment subsidies and financial incentives
were also considered as an attractive policy measure to
promote RETS and CCTs. Other policies and measures,
including implementing taxation and establishing
information/training centers, etc., were identified. Table
6 presents the AHP ranking results for the criteria that
were used for evaluating policies and measures. Table 7
shows the rankings of policies and measures for
promoting the wider adoption of RETs and CCTs, based
on expert and stakeholder opinions.
5.1 Improving R&D and establishing joint ventures
with foreign companies
The result based interviewed opinions prevails that
promoting local R&D and establishing joint ventures
with foreign companies are the most desirable policy
measures for promoting the adoption of these
technologies in Vietnam, with the highest total weighted
average score (75%) in the case of renewables and the
second-highest score (66%) in the case of CCTs (Table
7).
The experts and stakeholders interviewed expressed
the view that improving R&D could help Vietnamese
authorities to gather reliable data on national renewables
for making development plans. This measure would
mitigate the barriers of information and awareness of
technical know-how and technological development
stages
and
assist
in
building
indigenous
scientific/industrial capacities, human resources, and
relevant regulatory frameworks. Establishing joint
ventures with foreign companies with advanced
experience would help to overcome the lack of domestic
renewable electricity technology/equipment and services
and would facilitate technology transfer progress.
Moreover, establishing joint ventures could help to
correct the system of codes and standards in the
Vietnamese industry and energy sectors, which are a
mixture of various systems, including those of America,
Germany, Japan, and Russia.
Moreover, respondents also realized that funding for
R&D activities is limited. It was therefore suggested that
R&D should focus primarily on development and
demonstration rather than on research. In other words,
the country should follow the approaches of “taking a
shortcut” and “waiting in front” by enhancing the
process of transfer and adaptation of advanced
technologies while attempting to lower manufacturing
costs, rather than concentrating on costly basic research
that focuses on achieving high conversion efficiencies.
5.2 Enhancing investment policy and legislation for
power sector development
The study finding further affirms the real situation that
the current policy and regulatory framework in the
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Vietnamese power sector is not adequate or rational
enough to promote the adoption of clean and energyefficient generation technologies. Table 7 shows that
enhancing existing policies and legislation in the power
sector was considered to be the second most desirable
policy measure for promoting the adoption of RETs. It
garnered a total weighted average score of 65% in the
case of small hydropower and 70% in the case of
geothermal energy. This policy measure was ranked as
the most desirable policy measure in the case of CCTs,
with a total weighted average score of 74%. Due to
market and production cost constraints, it will be difficult
to establish cleaner generation technologies in Vietnam
without new policies and regulatory features that account
for the benefit of emissions reductions and encourage a
switch to cleaner options. Such measures could be
elaborated through thermal efficiency standards,
technology-based standards, tax exemptions, subsidies,
tradable emissions permissions, etc.
Looking at international practice and lessons learnt
from neighboring countries like Thailand, Indonesia and
China, we observed that renewable resource
development is most successful when national targets
and laws on clean energy usage are introduced and legal
and regulatory frameworks support administrative
procedures and schemes and encourage the efficient
exploitation of these resources for economic
development. Moreover, the more advanced countries
have established national funds and other incentive
schemes for promoting clean energy development. Wide
production cost sharing, feed-in-tariffs systems, gridconnected power purchasing agreements, renewable
portfolio standards, etc., have also been adopted. The
development of indigenous renewables projects financed
through the clean development mechanism and publicprivate partnerships has been especially successful in
China.
5.3 Implementation of investment subsidies and
financial incentives of different forms
The results in Table 7 suggest that investment subsidies
and other incentive measures (with scores ranging
between 52% to 63%) are desirable for scaling up
electricity generation from RETs and leading the way for
bringing CCTs to the power sector.
Different forms of investment subsidies and financial
incentives (investment subsidies and tax credits, tax
exemptions, access to credit, soft loans, etc.) were
identified as attractive policy measures for promoting
RETS and CCTs. Many interviewees also noted that the
availability of financial resources in Vietnam is limited
and that the government should consider ways to
generate funds to promote RETs and CCTs by looking at
international practice. For examples: financing through
the Clean Development Mechanism or mobilizing capital
from a variety of sources/donors and establishing a
banking network system to sponsor credit loans were
proposed as the most appropriate potential policy
measures to ameliorate the high capital investment of
cleaner generation technologies in Vietnam, especially
for renewables. In another recent study, Nguyen and HaDuong [27], we also found that Vietnam has a significant

potential of generating financing funds to promote the
deployment of cleaner and high energy efficient
technologies in the form of CDM at a plausible carbon
price of 5$/tCO2 and over 1Gt of CO2 could be
potentially saved.
5.4 Marginal policies and measures
The findings in Table 7 regarding geothermal energy and
CCTs suggest that implementing environmental taxation
is a satisfactory measure. However, this policy measure
garnered a total weighted average score of only around
52% to 54% as a means of helping overcome the critical
hurdles of high investment and production costs for
geothermal energy and CCTs. Moreover, the application
of the fiscal instrument of environmental taxation is still
a relatively new concept in Vietnam and receives little
political support from the Vietnamese public. The
elaboration and implementation of environmental taxes,
hence, would raise a number of complexities. Therefore,
more specific study is necessary on the economic, social
and legal circumstances under which such taxes can be
applied.
The interviewees identified the policy of priority
development of economies in local and remote areas as
an effective measure to attract more investment capital
for renewables projects and to help eliminate the major
shortage of local human resources for managing and
operating projects. Nevertheless, under the study’s
analysis framework, this policy measure did not prove to
be a desirable one. Table 7 shows that this policy
measure garnered a total weighted average score of less
than 50% in both renewables cases.
Likewise, establishing policy consulting, technical
support and training centers was identified as a practical
measure for removing the major barriers of insufficient
information and lack of specialists/human resources for
the widespread deployment of both renewables and
cleaner coal-fired technologies. However, this policy
option was not deemed sufficiently desirable as a policy
measure as it could not garner a total weighted average
score of more than 50%.
5.5 Sensitivity and comparative analysis
This section carries out a sensitivity analysis of the
robustness of ranking results for the major barriers to the
adoption of CEETs based interviewed experts’ opinions
and judgments without priority of expert groups
weighted as presented in Table 2, i.e. the importance of
involved expert groups were equally treated throughout
the evaluation process. As a result of sensitivity analysis,
either the importance among experts groups were
unequally priority weighted or equally treated the
ranking outputs of the major barriers to the wide-scale
adoption of CEETs would not be much different with
overall inconsistency level of less than 10%, except for
the case of geothermal energy technology. Result
suggests that when the importance among experts groups
were equally treated the major barrier of weak level of
scientific, technological and industrial capability, instead
of the lack of information and awareness would be
ranked as the most dominator to the proliferation of
geothermal energy technology in Vietnam. To the
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remaining technologies, there would be not much
changed in weighted scores among major barriers and
would remain identical in ranking orders when experts’
priority changed. This sensitivity finding implies that the
significance of ranking barriers to CEETs seems to be
achieved based the involved experts’ high concurrence.
Next, this summaries a comparison analysis of the
results that found from the research activities, using the
same research methodology, for selected six Asian
countries (China, India, Indonesia, Sri Lanka, Thailand,
and Vietnam) under the framework of the Asian
Regional Research Programme in Energy, Environment
and Climate, Phase III, funded by Swedish International
Development Cooperation Agency.
− In the case of RETs, economic/financial and
information barriers were identified as the primary
barriers to the adoption of these technologies in
most of the selected Asian countries. Particularly,
the technical barrier of dependence on imported
technology was identified in the case of China
while that of unproven reliability of technology and
lack of infrastructure, and technical support exist in
India. Institutional barriers are also present in
China, and policy barriers exist in Indonesia
whereas lack of infrastructure in India and Sri
Lanka.
− Economic/financial barriers were identified as the
primary barriers to CCTs in the all selected
countries except Sri Lanka. Unproven reliability
of CCTs and their commercialization were
identified as a major technical barrier in China,
India and Sri Lanka while lack of technical
information about CCTs exists in Indonesia.
Moreover, lacks of clear policies and dependency
on imported fuel, high initial investment are the
country specific dominant barriers to the promotion
of CCTs in Sri Lanka while unstable fuel prices
was identified as the most dominant barrier in both
China and Sri Lanka.
− Financial incentives of different forms (subsidy, tax
exemptions, low interest loan etc.) were identified
as an attractive policy to promote RETS and CCTs
in most study countries. Particularly, to adopt
programs like ENCON (Energy Conservation and
Promotion Fund) in Thailand was proposed as a
way to generate funds to promote RETs and CCTs.
Specially, development of projects financing
through Clean Development Mechanism (CDM)
and public private partnership was identified as
most desirable policy to remove high capital cost
of the RETs in Thailand, Indonesia. Instruments
like Renewable Portfolio Standard (RPS) was
identified as a potential policy and measure to
promote RETs in China and Indonesia,
carbon/energy tax to promote CCTs in Thailand,
and mandatory minimum share of power generation
from CCTs in India.
− Promoting local R&D and information centers are
other policy measures identified in most countries
to remove technical and information barriers to
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CCTs in Indonesia whereas China and India
suggested development of demonstration projects
on CCTs as a measure to remove the technical
barrier.
6.

CONCLUSION

Many countries have set up a national target for the longterm development of renewables and are integrating
clean energy use into a national regulatory framework.
Communities, individual consumers and investors are
also actively contributing to and participating in
renewables development plans. Given its abundant
natural resources and its high vulnerability to climate
change, why is Vietnam not a leader in this area? A
formal survey of 37 domestic experts was used to
analyze the major barriers to a wider adoption of
geothermal, small hydro, and cleaner coal electricity
generation technologies in Vietnam. The results of the
expert survey can be summarized as follows:
The dominant barriers to wider adoption of small
hydropower are as follows: financial/ infrastructure
hurdles, institutional constraints, and deficiencies in
government policy.
The main obstacles to the use of geothermal energy are
as follows: a lack of information and technical knowhow, weak R&D and industrial capability and poor
policy framework.
The top barriers preventing the adoption of cleaner and
more energy-efficient coal-fired generation technologies
are related to institutional, economic/financial and
awareness/information issues. Although institutional and
policy barriers were not ranked as the most significant
barriers, they are both considered to be “must-beovercome” barriers because they prevent other barriers
from being overcome.
The expert sample was divided into six groups
according to the interviewees’ positions in the energy
sector. The weights displayed in Table 3 were used to
aggregate the opinions across these six groups. We
checked that the results were robust to this weighting
scheme by examining the rankings of the barriers using
equal weights. The results were mostly unchanged, with
the exception of geothermal energy, where the first and
second ranked barriers switched ranks. This robustness
suggests that there was little divergence in the views of
the different expert groups.
The results of the second study, exploring how to
overcome the barriers, are as follows:
For wider development of cleaner and more energyefficient coal-fired generation technologies in Vietnam,
interviewees recommended improving local R&D and
promoting joint ventures with foreign companies as the
most productive policies and measures. The focus on
development and demonstration rather than on research
itself was considered to be the most suitable strategy for
R&D activities in the Vietnamese context. In addition,
respondents strongly felt that the government should
deregulate the power sector and enhance and reform
investment policy and legislation.
To encourage the wider employment of geothermal
and small hydro technologies, experts suggested the
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creation of incentives, including investment subsidies
and tax credits, tax exemptions, access to credit, soft
loans and loan guarantees. Attention was drawn to the
efficacy of indigenous renewables projects under the
Clean Development Mechanism and financing through
public-private partnerships. Different forms of financial
incentives, including financing projects through the
Clean Development Mechanism, were suggested as
appropriate policies and measures to decrease production
costs.
Overall, the analysis of the opinions of experts and
stakeholders explicitly highlights the need for
government intervention. The state is seen as the key
enabler for promoting renewable and energy-efficient
technologies.
Returning to the broader context, the focus of this
research on generation technologies should not make one
forget the demand side. Overcoming obstacles to energy
saving, conservation and demand-side energy efficiency
measures are also necessary to respond to Vietnam’s
energy security and climate change challenges. PREGA
[22], the Institute of Energy [28] and Nguyen and HaDuong [27] all point out that the potential of demandside management in Vietnam is very high. Realizing this
potential would reduce the investment needs and mitigate
the environmental impacts of the energy sector.
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APPENDIX
Table 1: Potential of renewable sources of electricity generation in Vietnam

Economic
potential

Energy resources

Large hydro (>30 MW) 18-20 GW

Cumulative
development as
of 2007

2025 planned
development,
according to
Vietnamese agencies

4,793 MW

16.6 GW by 2020

611 MW (1)

2.5-3.2 GW

Negligible

10.2 GW

Negligible

300-400 MW by 2020

Small hydro (<30 MW) 2-4 GW
Mini hydro (<1 MW)

100 MW

Hydro pump storage

10.2 GW
2

Geothermal

1.4 GW ( )

Wind energy

120.5 GW (3) Negligible
4

Solar energy

()

Negligible

Biomass (rice husk,
paddy straw+ bagasse)

1,000 MW

158 MW

Wood residue

100 MW

Negligible

Municipal waste

230 MW

Negligible

500 MW
2-3 MW
500 MW

100 MW

Remarks

(1) This figure includes small
hydro and back-up diesel
capacity; (2) The economic
potential of geothermal resources
is estimated for electricity
generation and heating purposes;
(3) The economic potential of
wind energy is estimated with
different feed-in tariffs; (4) In the
southern and central areas, solar
radiation levels range from 4 to
5.9 kWh/m2/day,
uniformly
distributed throughout the year.
The solar energy in the north is
estimated to vary from 2.4 to
5.6 kWh/m2/day

Sources: Institute of Energy [14]; Nguyen and Ha-Duong [27].

Table 2: Pair-wise comparison scale for the analytical hierarchy process preference

Verbal judgment of ranking

Numerical
rating

Explanation

Equal importance

1

Both activities contribute equally to the objective.

Moderate importance

3

Experience and judgment slightly favor one activity over
another.

Essential or strong importance.

5

Experience and judgment strongly favor one activity over
another.

Very strong importance.

7

An activity is strongly favored and its dominance is
demonstrated in practice.

Extreme importance.

9

The evidence favoring one activity over another is of the
highest possible order of affirmation.

(Intermediate values between two
adjacent judgments)

2,4,6,8

Source: L. Saaty[29]
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Table 3: Numbers of respondents and priority weights of the six expert groups

Priority
ranked

Key Actor groups

Numbers of respondents

Priority weight
calculated by AHP

1

Energy experts

10

0.213

2

Policy-makers

7

0.199

3

Environmental experts

6

0.196

4

Project developers and power facility owners

6

0.155

5

Equipment manufacturers and suppliers

4

0.131

6

Users of electricity

4

0.106

n=37

1

Total

Table 4: Priorities of evaluation criteria for ranking barriers calculated by AHP, based on expert opinions

Criteria for ranking
barriers
Monetary cost of
removing a barrier

Impact of a barrier on
the adoption of a
technology

Lifespan of a barrier

Level of effort
required to create
awareness

Level of political
effort required to
remove barriers

Weighted
by AHP

Definition of criteria (*)

0.307

The cost of removing barriers varies with the type and nature of the barriers.
Subsidies can be used to remove barriers related to high initial investment.
While it is difficult to assess the exact cost of removing a barrier, one can
give a qualitative judgment about the cost.

0.209

Different barriers have different degrees of impact on the adoption of
efficient options. Removing barriers is more or less likely to result in the
introduction of efficient options, depending on the specific barrier. This
feature implicitly recognizes the importance of barriers. A barrier that is
easy to overcome may have a low impact on the adoption of options. On the
other hand, a barrier that is difficult to remove may have a larger impact on
the adoption of options.

0.221

Each barrier has its own lifespan, i.e., the time it takes to cease to be a
barrier. Without any external intervention, some barriers tend to last longer
than others.. Normally, barriers with shorter life spans are preferable to
those with longer ones.

0.138

Awareness about efficient technologies plays a major role in overcoming
barriers. Adopting a technology is easier for users who know something
about the technology. Therefore, it is very important to create awareness
among users. However, the level of effort required to create awareness
depends on the type of barriers. Some barriers require less effort to create
awareness, while others require much effort.

0.125

Political and bureaucratic efforts play major roles in removing barriers.
Such efforts may include lobbying, introducing bureaucratic initiatives, and
providing clear instructions to policy makers. However, barriers can be
complex in nature. Barriers are often intertwined with other social and
political considerations. The barrier may be linked to various government
policies. The more complex a barrier is, the more difficult it is to overcome.
Therefore, the level of political and bureaucratic effort required to remove
the barriers depends upon the type of barrier considered.

(*) Source: IPCC [20], Shrestha and Abeygunawardana [30].
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Table 5: Selected technologies: barrier weights calculated by AHP, based on expert opinions

Barriers to selected technologies

Actor groups unequally prioritized
Weight

Ranking

Lack of capital investment and scarcity of financial resources

0.214

1

Low capability of technological development and lack of domestic
equipment suppliers/services

0.210

2

Weak government policy and regulatory frameworks for clean energy
development

0.205

3

Multiplicity of authorities and insufficient local capability to develop and
operate networks

0.205

4

Lack of information on national energy resource potential

0.166

5

Lack of information and awareness about technical know-how,
technological development and national resource potential

0.213

1

Weak level of scientific, technological and industrial capability

0.204

2

Insufficiency of incentive measures, promotion policies and regulatory
framework

0.200

3

Geothermal energy sources are located in remote areas

0.198

4

High electricity production cost of geothermal technology

0.185

5

Weak level of science and technology, insufficient industrial capability,
and difficulty in technology transfer

0.235

1

High initial investment cost and high production price

0.221

2

Lack of technical know-how and technological development information

0.197

3

Scarcity of financial resources

0.174

4

Inadequate current electricity pricing system

0.173

5

Small hydro

Geothermal

CCTs
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Table 6: Establishing priorities of criteria for selecting and evaluating alternative PAMs, calculated by AHP using survey
data

Criteria for evaluation of
alternative policies

Anticipated effectiveness

Policy implementing cost

Macroeconomic impacts

Political acceptability

Administrative feasibility

Weighted
by AHP

The foundations of selecting criteria (*)

0.363

Different policies have different anticipated levels of effectiveness.
Implementing one policy over another could result in a higher level
of efficiency. Thus, how well the policy removes barriers, whether
the policy’s effectiveness erodes over time, and whether the policy
creates continual incentives for the broad adoption of CEETs should
be considered as criteria for evaluating alternative policies.

0.214

A main criterion that may guide the policy analysis is the cost
including administrative cost, cost of financial incentives, cost of
advertising the program, etc. Costs may also depend on specific
policy options promoted and the means of implementation.

0.169

The introduction of policies and measures will have a series of
impacts on society. Hence, the indirect costs of these policies should
be anticipated in addition to the direct costs of implementation.
Impacts should first be identified in each sector of the society, e.g.,
macroeconomic factors like GDP, jobs created/lost, implications for
long-term development, etc.

0.131

In most developing countries, it is difficult to get political support
for most emissions reduction policies because policy makers are
more likely to prioritize economic and social needs over
environmental issues. The passing of emissions mitigation policies
through political and bureaucratic processes can be a challenge for
developing countries. Hence, political acceptability should be one of
the evaluation criteria.

0.123

Implementation of policies to remove barriers requires a good
organizational set-up with appropriate infrastructure, manpower and
technical support. This constraint frequently limits developing
countries. Therefore, administrative feasibility should be considered
as one of the evaluation criteria.

(*) Source: IPCC [20], Shrestha and Abeygunawardana [30].
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Table 7: Ranking results of PAMs for different CEETs using criteria/policy alternatives matrix evaluation approach based
on expert opinions

Small hydro energy technology

Criteria

Weighted scores for policies and measures

Weighted scores
of criteria
PM1

PM2

PM3

PM4

PM5

Anticipated effectiveness

0.363

1.452

0.363

0.726

0.363

1.452

Economic consideration

0.214

0.214

0.642

0.428

0.856

0.214

Macroeconomic consideration

0.169

0.338

0.338

0.676

0.169

0.676

Political acceptability

0.131

0.131

0.393

0.524

0.131

0.262

Administration feasibility

0.123

0.369

0.123

0.246

0.431

0.123

Total weighted average score

1

2.504

1.859

2.600

1.950

2.727

Weighted average score (%)

-

62.6

46.5

65.0

48.7

68.2

Ranking results

-

3

5

2

4

1

Note: [PM1]: Financial aids and other forms of financial incentives; [PM2]: Priority development of the economy in
local and remote areas; [PM3]: Enhancing investment policy and legislation for power sector development; [PM4]:
Establishing policy consulting, technical support and training centers; [PM5]: Improving R&D, establishing jointventure companies.
Geothermal energy technology
Anticipated effectiveness

0.363

0.726

1.089

0.363

0.363

1.452

Economic considerations

0.214

0.535

0.428

0.428

0.214

0.214

Macroeconomic considerations

0.169

0.169

0.507

0.169

0.338

0.676

Political acceptability

0.131

0.262

0.524

0.131

0.262

0.393

Administration feasibility

0.123

0.369

0.246

0.369

0.123

0.246

Total weighted average score

1

2.061

2.794

1.46

1.3

2.981

Weighted average score (%)

-

51.5

69.9

36.5

32.5

74.5

Ranking results

-

3

2

4

5

1

Note: [PM1]: Implementing carbon tax; [PM2]: Enhancing investment policy and legislation for power sector
development; [PM3]: Establishing policy consulting, technical support and training centers; [PM4]: Priority
development of the economy in local and remote areas; [PM5]: Improving R&D and establishing joint ventures.
Cleaner coal technologies (CCTs)
Anticipated effectiveness

0.363

1.452

0.726

1.089

0.363

0.726

Economic considerations

0.214

0.214

0.856

0.214

0.428

0.642

Macroeconomic considerations

0.169

0.507

0.169

0.676

0.338

0.169

Political acceptability

0.131

0.524

0.262

0.524

0.262

0.131

Administration feasibility

0.123

0.246

0.492

0.123

0.246

0.492

Total weighted average score

1

2.943

2.505

2.626

1.637

2.16

Weighted average score (%)

-

73.6

62.6

65.7

40.9

54.0

Ranking results

-

1

3

2

5

4

Note: [PM1]: Enhancing investment policy and legislation for power sector development; [PM2]: Financial incentives,
including increased electricity price; [PM3]: Improving R&D and establishing joint ventures; [PM4]: Establishing
policy consulting, technical support and training centers; [PM5]: Implementing environmental taxation.

103

N. T. Nguyen et al. / GMSARN International Journal 4 (2010) 89 - 104

104

GMSARN International Journal
NOTES FOR AUTHORS

Editorial Policy
In the Greater Mekong Subregion, home to about 250 million people, environmental degradation - including the
decline of natural resources and ecosystems will definitely impact on the marginalized groups in society - the poor, the
border communities especially women and children and indigenous peoples. The complexity of the challenges are
revealed in the current trends in land and forest degradation and desertification, the numerous demands made on the
Mekong river - to provide water for industrial and agricultural development, to sustain subsistence fishing, for transport,
to maintain delicate ecological and hydrological balance, etc., the widespread loss of biological diversity due to
economic activities, climate change and its impacts on the agricultural and river basin systems, and other forms of crises
owning to conflicts over access to shared resources. The GMSARN International Journal is dedicated to advance
knowledge in energy, environment, natural resource management and economical development by the vigorous
examination and analysis of theories and good practices, and to encourage innovations needed to establish a successful
approach to solve an identified problem.
The GMSARN International Journal is a biannual journal published by GMSARN in June and December of each
year. Papers related to energy, environment, natural resource management, and economical development are published.
The papers are reviewed by world renowned referees.
Preparation Guidelines
1.

The manuscript should be written in English and the desired of contents is: Title, Author’s name, affiliation, and
address; Abstract, complete in itself and not exceeding 200 words; Text, divided into sections, each with a separate
heading; Acknowledgments; References; and Appendices. The standard International System of Units (SI) should
be used.

2.

Illustrations (i.e., graphs, charts, drawings, sketches, and diagrams) should be submitted on separate sheets ready
for direct reproduction. All illustrations should be numbered consecutively and given proper legends. A list of
illustrations should be included in the manuscript. The font of the captions, legends, and other text in the
illustrations should be Times New Roman. Legends should use capital letters for the first letter of the first word
only and use lower case for the rest of the words. All symbols must be italicized, e.g., α, θ, Qwt. Photographs
should be black and white glossy prints; but good color photographs are acceptable.

3.

Each reference should be numbered sequentially and these numbers should appear in square brackets in the text,
e.g. [1], [2, 3], [4]–[6]. All publications cited in the text should be presented in a list of full references in the
Reference section as they appear in the text (not in alphabetical order). Typical examples of references are as
follows:
• Book references should contain: name of author(s); year of publication; title; edition; location and publisher.
Typical example: [2] Baker, P.R. 1978. Biogas for Cooking Stoves. London: Chapman and Hall.
• Journal references should contains: name of author(s); year of publication; article title; journal name; volume;
issue number; and page numbers. For example: Mayer, B.A.; Mitchell, J.W.; and El-Wakil, M.M. 1982.
Convective heat transfer in veetrough liner concentrators. Solar Energy 28 (1): 33-40.
• Proceedings reference example: [3] Mayer, A. and Biscaglia, S. 1989. Modelling and analysis of lead acid
battery operation. Proceedings of the Ninth EC PV Solar Conference. Reiburg, Germany, 25-29 September.
London: Kluwer Academic Publishers.
• Technical paper reference example: [4] Mead, J.V. 1992. Looking at old photographs: Investigating the
teacher tales that novice teachers bring with them. Report No. NCRTL-RR-92-4. East Lansing, MI: National
Center for Research on Teacher Learning. (ERIC Document Reproduction Service No. ED346082).
• Online journal reference example: [5] Tung, F. Y.-T., and Bowen, S. W. 1998. Targeted inhibition of hepatitis
B virus gene expression: A gene therapy approach. Frontiers in Bioscience [On-line serial], 3. Retrieved
February 14, 2005 from http://www.bioscience.org/1998/v3/a/tung/a11-15.htm.

4.

Manuscript can be uploaded to the website or sent by email. In case of hard copy, three copies of the manuscript
should be initially submitted for review. The results of the review along with the referees’ comments will be sent
to the corresponding author in due course. At the time of final submission, one copy of the manuscript and
illustrations (original) should be submitted with the diskette. Please look at the author guide for detail.

GMSARN Members

Asian Institute of Technology
Hanoi University of Technology
Ho Chi Minh City University of Technology
Institute of Technology of Cambodia
Khon Kaen University
Kunming University of Science and Technology
National University of Laos
Royal University of Phnom Penh
Thammasat University
Yangon Technological University
Yunnan University
Guangxi University

Associate Members
Nakhon Phanom University
Mekong River Commission
Ubon Rajathanee University

Published by the

Greater Mekong Subregion Academic and Research Network (GMSARN)
c/o Asian Institute of Technology (AIT)
P.O. Box 4, Klong Luang
Pathumthani 12120, Thailand
Tel: (66-2) 524-5437; Fax: (66-2) 524-6589
E-mail: gmsarn@ait.ac.th
Website: http://www.gmsarn.org

GMSARN International Journal

Vol. 4 No. 2 June 2010

