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Abstract. The paper addresses the research of the large-scale penetration of renewable energy 

into the power system of Vietnam. The proposed approach presents the optimization of 

operational decisions in different power generation technologies as a Markov decision process. 

It uses a stochastic base model that optimizes a deterministic lookahead model. The first model 

applies the stochastic search to optimize the operation of power sources. The second model 

captures hourly variations of renewable energy over a year. The approach helps to find the 

optimal generation configuration under different market conditions. 

1. Introduction 

Due to the rapid population growth and economic development, the Vietnamese government faced 

many issues while finding ways to satisfy future energy demands [1-3]. One of them is recent 

considerable growth of grid connected renewable energy (RE) [4-6]. In the period until 2030, Vietnam 

will prioritize the development of onshore wind farms while deploying solar power in areas without 

access to the power grid. Also, the Vietnamese government has introduced a number of incentives 

such as two-way meters, preferential import tariffs. It support to the local production of RE 

technologies and equipment, and the development of RE markets and Power Purchase Agreement 

policies [7]. 

Renewable energy (RE) sources have some advantages for the economy of Vietnam. First, RE can 

increase the diversity of energy supplies, and thus enhance the energy supply security. In this context, 

energy supply in Vietnam is increasingly dependent on coal and imported fuels. The energy imports 

will account for 37.5% of the energy mix in 2025, and 58.5% in 2035 [7]. Therefore, the current and 

future energy security status of Vietnam might not be guaranteed. Second, higher RE integration might 

further reduce country’s greenhouse gas emissions [8].  

However, successful and cost-effective integration of RE into power grids has been challenged in 

reality. The capturing the economic and technical challenges related to RE large-scale penetration 

requires analysis of power mix taking into account access to the fuel and technical constraints on the 

power system operation as well as ensuring energy supply security and power system reliability [7, 9]. 

One of the emerging challenges is handling the high RE variability which might expose operational 

problems for traditional thermal plants by necessitating frequent cycling, including ramping and 

startup/shutdown [10]. 



 

 

 

 

 

 

2. Generation expansion planning 

The planning models are the traditional tool to analyse future developments in the energy sector. The 

capacity planning problem in the power systems has been divided into demand forecasting, 

distribution expansion planning, transmission expansion planning, and generation expansion planning 

(GEP). For each capacity planning problem, the time horizon can be divided into long-term, medium-

term, or short-term studies [11]. Short-term planning is associated with day-to-day system operation. 

Medium-term planning involves the maintenance of system assets. Long-term planning relates to new 

capacity additions [12]. 

GEP is a power plant mix problem that identifies types, location, and construction time of new 

generation technologies, which should be added to the existing system in order to meet the power 

demand over a specific planning horizon [11, 13]. The contemporary, systematic, and robust GEP 

should consider [14]: 

 Integration of electric vehicles in power systems [15], 

 Integration of short-term operational aspects into decision making [16, 17], 

 Power and fossil fuel systems interdependence, 

 Energy storage and demand-side impacts on GEP, 

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

The GEP models can be classified according to time horizon (static and dynamic), handling of 

uncertainties (deterministic and stochastic), network topology (the single-node or centralised and 

network constrained), and market structure (regulated and deregulated) [11].  

From the other side, system planning models used in the power sector can be broadly categorized 

into the energy system and power system models, depending on their focus and application area [12]. 

While the first group of system planning models considers broader questions related to national or 

global energy policy [15], the second group focuses on regional or national power systems [18]. 

The GEP is usually an optimisation problem in which the aim is to distinguish the optimal size, 

type of generation unit, and commitment time of new generating facilities so as to satisfy the power 

demand at least cost over a planning horizon [11]. The goal is either to minimise or maximise a single- 

or multiple-objective functions subject to some constraints 
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where extr is minimization or maximization operation, F  is the objective vector, )(zfl  is the l-th 

objective function, Ll ...1 , z is decision vector belonging to the feasible solution space Z , )(zgm  

is the m-th inequality constraint, )(zhn  is the n-th equality constraint, hM  and gM  are the numbers 

of equality and inequality constraints respectively. 

The single-objective GEP model combines various objectives into one. This approach does not 

allow decision-makers to evaluate solutions that present trade-off among various objectives. The 

following works [19-21] presented the GEP as a single-objective optimisation problem. 

The multi-objective generation expansion planning (MGEP) model can found a compromise 

among various capacity planning objective functions to obtain an optimal alternative [22]. 

3. Generation expansion planning with high share of renewable energy 

The RE resources create for the power systems’ operation some operational challenges for GEP due to 

the following feature of their stochastic nature [23-26]: 



 

 

 

 

 

 

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

 The intermittency makes the output from RE sources uncertain. 

 Power quality and voltage stability issues connected with RE variability that needs to be 

assessed, controlled, observed and mitigated appropriately, 

These three aspects (variability, intermittency, and grid stability issues) necessitate a paradigm 

change in GEP models that assess the impact of increased penetration of RE [27-29]. Traditional GEP 

models have mostly focused on the conventional power plant whose operation and planning can be 

easily conducted by varying fuel inputs to match variability on the load side [11, 30]. To address the 

operational challenges the grid might require additional levels of reserves [31-33]. Another way to 

mitigate these challenges is the adoption of storage units [34-36]. 

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

4. Decision-making in energy planning 

Most of the decisions to be made by energy sector decision-makers are fed by information which is 

usually subject to uncertainties [43]. There are different types of uncertainty: Gaussian noise, heavy-

tailed distributions, bursts, rare events, temporal uncertainty, lagged information processes, and model 

uncertainty [44]. The combination of the uncertainty types with decisions that may be binary, discrete, 

continuous or categorical, scalar or vector creates a virtually unlimited range of problems [45]. 

The uncertain parameters in the GEP problem studies can be generally classified into two 

categories [46]:  

 Technical parameters which can be divided into topological and operational, 

 Economical parameters which affect the economical indices. 

There are much uncertainty handling methods developed for dealing with uncertain parameters: 

stochastic, possibilistic, hybrid and etc. The main difference between them is a way they choose to 

describe the uncertainty of the model’s inputs. And they are similar in the attempt to quantify the 

influence of inputs on model’s outputs [46]. 

5. Problem formulation 

Our approach for solving GEP problem is based on the stochastic optimization framework [45, 47] 

that divides decision-making into the following five components: states, actions, exogenous 

information, transition function and objective function. Similarly to [48, 49], the proposed approach 

presents the optimization of operational decisions in GEP as a Markov decision process. It uses a 

stochastic base model that optimizes a deterministic lookahead model. The first model applies the 

stochastic search to optimize the operation of power sources and the second model captures hourly 

variations of RE over a year. 

The simplified structure of the energy sector of Vietnam is represented as a network ),( ANG  , 

where N  is the set of the nodes and A  is the set of arcs. The node Ni  represents a point of 

demand and/or supply of energy, and the arc Aji ),( is a transmission line.  

A set of power generation technologies O  consists of two subsets: fossil fuel-fired facilities and 

RE sources. R  denotes the RE subset. The fossil fuels constitute the set F . Oq  is a power 

generation technology and Fk  is a fossil fuel. T  is the number of periods (hours) in the planning 

horizon where Tt  is a time period. 

5.1. The base model 

The base model is intensively based on the work [50]. The additional objectives and constraints are 

adopted from studies [51-53]. 

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

  TtFkRqNipobhds tktktiqtitt  ,,,;,,,,  (5) 



 

 

 

 

 

 

where itd  is the load/demand (MW) at the node i  in the period t , iath  is the corresponding hourly 

capacity factor for each RE technology q  in the node i  during the period t , ktb  is the local 

production (kTOE) of the fuel k  in the period t , kto  is the cost ($/kTOE) of the fuel k  import in the 

period t ,  
'''' ,,, ktktiqtitt obhdp   is forecast for tt ' . 

The decisions variables in the period t  may be represented as  

  TtFkOqAjiNivxgx itijtiqtt  ,,,),(,;,,   (6) 

where iqtg  is the generation amount (MW) of the technology q  at the node i  in the period t ; ijtx  is 

the flow (MW) through the arc ),( ji  in the period t , and itv  is the unmet demand (MW) at the node 

i  in the period t . 

The set of feasible decisions in the period t  is defined by the following constraints:  

 Node power balance equation: the generation plus flow from other nodes is equal to the sum 
of demand, shortage and flow to other nodes at the node i ∈ N in the period Tt : 
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 Fossil fuels demand in the period t : The fuel k  will be either imported or taken from local 
markets 
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where qtw  is the consumption of fuel (kTOE/MW) for the technology q  in the period t . 

 Power generation limit on each conventional technology q  in the node i  during the period t : 

 .,\,; TtROqNiyg iqtiqt   (9) 

where iqty  is the total capacity (MW) of the technology q  at the node i  in the period t . 

 Power generation limit on each RE technology q  in the node i  during the period t : 

 .,,; TtRqNiyhg iqtiqtiqt   (10) 

 Power transmission limit on each arc ),( ji  in the period t : 

 .,),(; TtAjipx ijtijt   (11) 

 Power system reliability: to ensure that the available generation capacity of power system is 
adequate to meet the expected power demand, the available system capacity in each period t  
should be between the defined upper and lower bounds as 

 
 


Ni

it

Ni Oq

iqt rdg  ),(1 max
 (12) 

 
 


Ni

it

Ni Oq

iqt rdg  ),(1 min
 (13) 

where 
maxr  is the maximum peak reserve requirement (%),

minr  is the minimum peak reserve 
requirement (%). 

 RE share: to impose a minimum of power generated from RE technologies and to determine 
the RE sources penetration limits to preserve the power system stability the value of RE 



 

 

 

 

 

 

sources share in the total system generation at each period t  should be between the defined 
lower and upper bounds as 

 ,min
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where 
min

ta  is the minimum share of RE sources (%) in the total system generation in the 

period t , 
max

ta  is the maximum share of RE sources (%) in the total system generation during 

the period t . 

 Energy supply security: to ensure technology variability the available system capacity of 
technology q  may not exceed the upper bound in each period t  
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where aty  is the given maximum system capacity of the technology q  during the period t .  

 Nonnegativity: no negative values are permitted for the decision variables 

 ,0,,, itktijtiqt vuxg  (17) 

where Ni , Oq , Aji ),( , Fk  , and Tt .  

The transition from the state ts  to the successor state 1ts  is determined by the function 
Ms  

  Ttwxsss ttt

M
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where 1tw  is uncontrolled exogenous process defined as the random variables that capture the 

stochastic updating of wind, solar, demand and cost forecasts. The tw  is modeled as changes of itd , 

iath , ktb  , and kto . 

The total cost of the energy sector functioning ts  over the period t  consists of operation and 

transmission costs, environmental impact, imports of fuel, and unmet demand cost: 
 Operational and transmission costs: this objective function is defined as the total present value 

sum of the operation and maintenance costs  
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In this objective, iqtq  is the operation and maintenance cost ($/MW) of the technology q  at the 

node i  in the period t . 
 Fossil fuel import: the goal is to minimize the total amount of fuel imports 
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 Unmet demand: the goal is to minimize the total power shortage 
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where tl  is the cost ($/MW) of not satisfying the demand in the period t . 

 Environmental impact: this objective minimizes the environmental impacts 
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where qte  is the amount (tons) of carbon dioxide emission CO2 per MW generated by the 

technology q  at the node i  during the period t . The emission of other pollutants can be also 

included. 

The total cost over the period t  may defined as 
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The policy   represented by the function  tt sx  makes hourly planning decisions and returns the 

feasible decision tx  for any system state ts . The overall goal of the stochastic base model is to find 

the best policy. Since ts  is a random variable, the objective function would be written as the 

minimization of the expected sum of total cost over the entire time horizon T  

  



Tt

ttt sxsce 


,min .  (24) 

5.2. The lookahead model 

The deterministic model is the policy  |t

LA

t sx  with the lookahead horizon as the tunable parameter 

  [49]. It determines the decisions by solving the optimization problem 
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where the set of feasible decisions tx  is defined by constraints (5)-(25) for each 't  with 

),min(' tTttt  . 

The solving the lookahead model in (20) is not an optimal policy but it helps obtain robust 

behaviour by tuning  using the base model. 

The approach was implemented using the continuous integration methodology in the Orlando Tools 

framework [54]. The methodology and framework made it possible to organize a single workflow of 

developing and testing of the distributed application for solving the above-formulated problem. The 

experiments were organized on the basis of the Irkutsk Supercomputer Center of SB RAS [55]. 

6. Conclusions 

The proposed approach presents the optimization of operational decisions in different power 

generation technologies as a Markov decision process. It uses a stochastic base model that optimizes a 

deterministic lookahead model. The first model applies the stochastic search to optimize the operation 

of power sources. The second model captures hourly variations of renewable energy over a year. 

The approach helps to find the optimal generation configuration under different market conditions. 

Also, the approach takes into account the following types of constraints: flow balance constraints in 

the network with demand covering, power generation and transmission limit, availability of local 

fossil fuels production, system reliability requirements, maximum and minimum shares of RE 

resources, and energy supply security requirements. 
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