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Summary 
The Vietnamese electricity grid is expanding very rapidly. Whereas in the past hydropower, and later coal-

fired power plants have played a major role in the grid expansion the coming years the role of solar power 

is expected to increase to improve national energy security and environmental sustainability. Already about 

4,5 GW – almost 10% of total installed capacity – has been installed within the last year, and more projects 

are in the pipeline. Rapid developments in the power infrastructure in the past have led to severe 

externalities though, as in Vietnam about a million people have lost homes or land due to power sector 

developments. This risk is also present in the development of solar farms. Renewable energy like solar 

contains the additional risk that the operation of the electricity grid is compromised due to the intermittency 

of solar power.  

To make sure that developments take place in an good way, regulations need to make sure that the benefits 

and risks of solar power development are aligned with the responsibilities of the different stakeholders 

involved. The energy justice framework allows us to analyse whether this is the case. Based on the three 

tenets of distributional, procedural and recognition justice it is concerned with the distribution of risks and 

benefits and the inclusion of all relevant stakeholders in decision-making processes. 

One particular form of solar farms is upcoming in Vietnam, and is promising in its ability to solve two of 

the main problems of solar farms: Floating solar farms. When installed on the surface they reduce the 

pressure on available land, potentially limiting its impact on local (agricultural) economic activities. 

Furthermore, the existence of the nearby hydropower plant can allow for a smoother integration of solar 

farms in the electricity grid. 

The goal of this research is to analyse the potential of this particular solution in Vietnam and the role it can 

play in the ongoing development of solar power. By applying the energy justice framework we aim for a 

comprehensive analysis, enabling us to expose issues with the technology and current regulatory framework 

which negatively affect its impact. 

Within the Vietnamese electricity system most potential for hybrid floating pv-hydropower plants is in the 

Central Highlands of Vietnam. The amount of hydropower is large here, and it is one of the areas with a 

large solar potential. Assuming that about 10% of hydropower reservoirs can be covered with solar panels, 

there is a total potential of about 2,7 GW of floating solar in this area. This is equal to more than 20% of 

the solar generation capacity in 2030 according to the governmental goals. Although this figure will 

probably be surpassed it can still be a significant share of the total solar generation capacity. 

Procedural and recognition justice 

From a procedural and recognition justice perspective we see that there is a lack of information sharing in 

several processes in the development of a solar farm. First of all, when there is no direct land ownership of 

local people involved the responsibility and procedures to inform the local population are not stated clearly 

in the regulations and leave a lot of space for interpretation. Local/regional authorities therefore have a 

relatively strong influence on how well local people are informed. Even without direct land ownership, 

local people might still depend on the water/land surface for their livelihood. Especially in the case of water 

bodies, local people might not have ownership claims to the area which they depend on. In several cases in 

the past year we see that there have been issues where local people have lost part of their livelihood when 

they were dependent on land without an ownership certificate. Although we do see that there was room to 

readdress these issues. 
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Also in the procedures around the grid connection of solar farms there has probably been a lack of 

information exchange. Although the actual information exchange is unknown, the curtailment of solar farms 

of around 60% recently, and recent warnings of EVN for further curtailment indicate that too many solar 

farms have been connected in the same area. This severely harms the business case of solar farms. Whether 

this is due to a lack of knowledge in general, or just a lack of knowledge exchange is not completely clear. 

The problem is that this knowledge is owned by the grid operator. As the grid operator is allowed to curtail 

solar output, without bearing any of the costs this entails they do no have a strong incentive to share or 

obtain this data. 

Distributional justice 

In both the case of a floating solar farm as well as a regular solar farm about 25% of the total revenues end 

up with the plant owner, which can be a local/regional as well as international organization. We see that 

most of the other revenues of a regular as well as floating solar farm end up on the regional and national 

level. About 1,4% of the revenues of the floating solar farm end up as local personal income compared to 

about 1,3% with a regular solar farm. This difference is relatively small because the revenues of a floating 

solar farm are higher, and resettlement and compensation fees in the case of a regular solar farm compensate 

partly for the loss of wages. In terms of total wage, the floating solar farm adds about $2 million over its 

lifetime, while the regular solar farm has a net impact of around $0,9 million. This is both in the best case 

scenario where all of the low-skilled labour is recruited locally. And where the floating solar farm does not 

result in any decrease in economic activities on the lake.  

About 6,8% of revenues end up at the provincial government in the form of taxes for a floating solar farm, 

compared to 6,2% with a regular solar farm. How these taxes are allocated later on, and whether a 

significant share ends up locally is unknown.  

For the single-buyer the electricity costs of floating solar are $2,5 million higher compared with a regular 

solar farm, or about 1,4% due to the higher FiT. The ability of the hydropower plant to ‘shift’ solar power 

decreases the total value of curtailed energy with around $1,2 million over the lifetime of the power plant, 

assuming a curtailment rate at around 80%. Furthermore, the total value of the ability of the hydropower 

plant to balance random fluctuations is about $10,7 million over the lifetime of the solar farm. Without a 

regulatory framework for a hybrid power plant it is unsure for a hydropower plant operator whether it will 

be able to capture this value though as its flexible capacity might be used to limit the curtailment of other 

solar farms, and it is not sure whether its balancing services will be used by the transmission operator to 

compensate for the solar fluctuations. 

Energy justice decision-making framework 

The decision-making framework shows us that floating solar farms as part of a hybrid pv-hydropower plant 

score better on the availability of energy, as there is additional availability of electricity in the dry season 

from solar power generation as well as avoided evaporation. In terms of affordability the floating solar farm 

scores worse, due to the higher FiT. It has the potential to be more affordable than regular solar farms 

though, when the potential of the hydropower plant for limiting curtailment and balancing unexpected 

fluctuations can be captured.  

In terms of due process the floating solar farm scores worse, as people who depend on the water surface for 

their livelihood are recognised and represented worse compared with people who actually own land where 

a potential solar farm is built. 
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In terms of responsibilities the different types of solar farms are hard to compare. An additional 

consideration for the hybrid floating pv-hydropower plant is that there are no regulations yet about the 

responsibility to balance the solar farm output. 

In terms of intragenerational equity, the floating solar farm scores better, as there is more local net 

employment creation. 

On the other aspects there is no significant difference between hydropower plants and regular solar farms.  

Conclusion 

The installation of a solar farm on the surface of a hydropower reservoir has the potential to provide benefits 

for the integration of solar in the local economy, as well as in the electricity grid. Regulatory gaps make it 

questionable though whether these advantages will be captured.  

The construction of a solar farm on the reservoir surface has the ability to double the net local wage impact. 

To ensure this potential is captured, the regulatory framework needs to ensure that local people who do not 

have direct ownership claims on the reservoir surface are recognized more explicitly in the development 

procedures of solar farms. At the moment the provincial government has a lot of power in determining these 

processes, while they are also an important beneficiary of the farm. While governmental institutions on a 

higher level are involved in larger solar farms, for the smaller solar farms they are not. An independent 

governmental institution could be a solution, or the obligation to perform an extensive economic impact 

assessment. 

The ability to capture the value of the flexibility of the hydropower plant is also not ensured in the current 

framework. Recognizing hybrid power plants specifically, and developing a framework which ensures that 

the flexibility of the hydropower plant can be used to shift solar power, and to balance unexpected 

fluctuations of the solar farm directly provides hydropower plant operates with additional revenues and thus 

an incentive to develop a floating solar farm. At the same time, the framework can ensure that part of the 

value is captured by the grid operator to reduce the total cost of bringing electricity to the consumer.  
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 Introduction 
The country of Vietnam has been experiencing very high rates of economic growth. Between 1986 and 

2014, the average GDP growth was 6,51% annually, and the growth is expected to remain at around 7% 

the coming years. The high rate of economic growth is accompanied by a fast increasing energy demand. 

The past years energy consumption has increased with an average of about 10% annually (EVN, 2016). 

The coming years, the national electricity consumption in Vietnam is expected to keep on growing with an 

average of 8% annually until 2035 (GIZ, 2016). This puts a tremendous pressure on the electricity grid of 

Vietnam, as additional energy generation capacity and grid infrastructure have to be developed at a very 

high rate. 

The Vietnamese electricity grid has thus already expanded very fast in the past decades to keep up with this 

growth rate, and with success. The electrification rate in Vietnam reached 100% in 2018, an achievement 

which not many developing countries reach. The rapid development of the electricity grid has also come 

with a price though. Due to the goal of national energy security and economic growth, local interest were 

often neglected, in total about 1 million people have lost land or homes due to development in the power 

sector (ICIJ, 2015).   

Especially hydropower projects have been notorious in this sense. The Vietnamese power system has 

traditionally relied on a large share of hydropower. In 2015 about 30 % of the electricity was generated 

through hydropower, in the past this has been more than 50%. The growth potential of hydropower is 

limited though, as many of the feasible sites are already in use and in recent years the environmental impact 

of the dams has become apparent (Danish Energy Agency, 2017). The implementation of large-scale 

hydropower plants significantly affects the flow of rivers, and the artificially made water reservoirs cover 

a lot of land. In the past decades about 300,000 people have lost their land and/or houses and needed to be 

resettled due to hydropower development in Vietnam (Huu, 2014). While recent large floods in the Central 

Highlands are speculated to be caused by hydropower development. This has caused an increasing national 

resistance to hydropower. 

The share of hydropower is thus decreasing, and other energy sources take its place. Figure 1 shows the 

projected shares of different energy sources in the Vietnamese electricity mix based on the latest 

governmental plans. Although the share of renewable energy sources is expected to increase, the major part 

Figure 1 Projected electricity mix Vietnam (Adapted from: GIZ, 2016) 
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of the increase in energy demand is expected to be met by the use of coal, a lot of this coal will need to be 

imported1.   

At the same time, Vietnam has ratified the Paris Agreement, to limit global warming by reducing CO2 

emissions. Scenarios from the IPCC show that to reach the target of the Paris agreement - limiting the global 

temperature rise to 2.0 °C and preferably to 1.5 °C compared to pre-industrial levels- global CO2 emissions 

should be reduced significantly already in 2030 (ipcc, 2018). One of the main global challenges in this 

respect is to reduce CO2 emissions while the energy consumption in countries like Vietnam is growing fast. 

For Vietnam the challenge thus also stands to increase its share of renewable energy sources. 

Developments in the Vietnamese electricity sector are directed by national energy master plans, and 

corresponding governmental decrees. Although the latest version of the energy master plan -the in 2016 

revised version of the 7th National Power Development Plan (NPDP) – already puts significantly more 

emphasis on the development of renewable energy sources, the projections show that their role is still 

limited. The business as usual (BAU) forecast predicts that the total national GHG emissions of Vietnam 

will be 787.4 million tCO2 in 2030, from 246.8 million tCO2 in 2010. The new NPDP aims to reduce the 

CO2 emissions in 2030 by 8% compared to the BAU scenario (GIZ, 2016). This however still means that 

with the current goals the total CO2 emissions of Vietnam in 2030 will be almost 3 times the 2010 level. 

There is reason to hope for faster reductions of CO2 emissions though, especially through the development 

of solar power. In the latest version of the Vietnamese NPDP, solar power was explicitly recognized as a 

promising electricity source in the future energy mix for the first time (GIZ, 2016). The national goal in the 

NPDP is to generate 0,5% of electricity with solar power in 2020, 1,6% in 2030 and 3,3% in 2050, equalling 

an installed capacity of 800MW, 4,500MW and 12,000 MW respectively (GIZ, 2016). The Vietnamese 

government stimulated solar power development through the implementation of a Power Purchase 

Agreement for solar farms with a feed-in-tariff (FiT) of 9,35 $c per kWh (Danish Energy Agency, 2017). 

This means that all solar farms constructed before the end of the measure (End of June 2019) received the 

guaranteed price of 9,35 $c per kWh for all the electricity they deliver to the grid. The FiT was very effective 

and has led to rapid developments in the solar sector. As of June 30, 2019, a total capacity of 4,5 GW has 

been connected to the grid and about 15GW more is approved. Although not all of the other scheduled 

projects will be connected, the 2030 is thus already achieved within about 2 years after the introduction of 

the PPA. 

 
1 It is important to note that the expected total amount of electricity in 2030 is more than double the amount in 2015 

Figure 2 Development of installed solar capacity in Vietnam 

(Adapted from: (Rystad Energy, 2019)) 
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1.1 Research goal 
The development of solar energy is thus still in the early stages in Vietnam, although developments are fast. 

From an environmental perspective it is important to switch more to renewable energy sources to reduce 

CO2 emissions. From an energy security perspective, it is important that the energy supply capacity keeps 

increasing fast to keep up with demand. Renewable energy plants like solar farms require a much shorter 

development phase of about 6 months to 1,5 year, compared to for example coal power plants which often 

take 4-6. These interests provide strong incentives to develop a lot of renewable energy projects, and fast 

(Haiquan, 2019).  

While a fast development of solar energy should be encouraged from a global and national perspective, 

there are some risks involved in its development. The past developments in the Vietnamese power system 

show us that national interests can push local issues to the background. Especially in developing countries 

the rights of these often vulnerable people can be overlooked due to their marginalized position and the 

combination of high rates of corruption and relatively weak governments (Calzadilla & Mauger, 2018). The 

need for rapid expansion of generation capacity, and the goal to reduce CO2 emissions also provide these 

national interests in the development of solar power. 

Furthermore, the electricity grid is already on the verge of experiencing its limits for the integration of solar 

farms. The development of solar farms until now is largely concentrated in a few provinces with a high 

solar power potential. The grid operator in these areas already start warning that at the current development 

rate grid overloading issues due to the high feed-in of solar power during sun hours (Dau tu online, 2019). 

The intermittency of solar power puts a lot of pressure on the existing grid infrastructure, and necessitates 

additional investments in the grid from the Vietnamese grid operator Vietnam Electricity (EVN) who is 

already losing a lot of money annually (World Bank, 2016). 

These issues show the importance of considering the impact of renewable energy projects not only in terms 

of their contribution to a few national goals but in a very extensive way, considering all people and systems 

that are affected.  

 Energy justice 
A concept which allows us to evaluate the impact of a renewable energy project in a very extensive way is 

the energy justice concept. Energy justice aims to look further than just the total sum of costs and benefits 

of the energy system by also considering the distribution of these costs and benefits, and the inclusiveness 

of decision-making processes. It links technologies with the particular system and policy context to assess 

the justness of the system. Energy justice is based on three core tenets of distributional, procedural and 

recognition justice. The first tenet is about the distribution of costs and benefits over society, while the last 

two are concerned with the inclusion and recognition of all affected stakeholders in decision-making 

processes around energy projects (Sovacool & Dworkin, 2015). 

For solar farms this means that energy justice allows us to also take into account the impact of solar farms 

on communities and the overall affordability of the energy system. The goal of this research is to contribute 

to the discussion on how to develop renewable energy sources in Vietnam in a sustainable way. It does so 

by applying the concept of energy justice to the implementation of solar power projects in Vietnam. As we 

see that the local context is often The research focusses on a very particular type of solar farm, which is 

currently gaining popularity. 
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1.2 Floating Solar 
In the latest proposal for the feed-in tariffs in Vietnam, a separate category of solar plant was added: floating 

solar. Floating solar, or floatovoltaics, is the construction of a solar farm on a water body. In this proposal 

a higher feed-in tariff is proposed for the construction of floating solar farms to promote its development.  

The deployment of floatovoltaics is increasing worldwide, but still in its infancy. In 2017 there was a global 

installed capacity of 198 MW (Spencer, Macknick, Aznar, Warren, & Reese, 2019). There are several 

reasons why floatovoltaics are considered as a promising solar solution. Although the investment costs per 

MW are higher for floating solar, it offers some advantages which legitimize the extra investment costs. 

First of all, the increasing amount of solar farms puts pressure on the availability of land due to its land use 

intensity. Water bodies provide new exploitable areas to reduce this pressure (Hoffacker, Allen, & 

Hernandez, 2017). Furthermore, the abundance of nearby water offers the  potential for an efficient cooling 

and cleaning system which increases the efficiency of the solar panels (Mckay, 2013). 

In Vietnam there is a very particular opportunity for the construction of floating solar farms. The abundance 

of hydropower in the electricity mix - an installed capacity of around 15GW in 2016 (International 

Hydropower Association (IHA), 2016) - provides a relatively large amount of water bodies, the hydropower 

reservoirs, in close approximation to the electrical infrastructure. Installing solar farms here not only has 

the additional advantage of relatively low investment costs in electrical infrastructure, but also provides the 

opportunity for hybrid pv-hydropower plants (Mckay, 2013). A hybrid pv-hydropower plant is an energy 

plant where the operation of the energy supply of both energy sources are adjusted to each other.  

Hybrid pv-hydropower plants have also gained increasing attention in electrical engineering literature. Solar 

energy provides certain specific challenges for grid integration due to its intermittent nature, this challenge 

increases with the amount of solar power installed. Hydropower plants have a certain flexibility in their 

energy dispatch, depending on their reservoir size, and a relatively high ramp rate. Therefore, there is a 

potential to use the hydropower plant to ‘smoothen’ the output of the solar farm, reduce its peak power 

output, and enable better demand following. Furthermore, seasonal complementarity in hydropower and 

solar power availability can lead to a more stable energy availability throughout the year, specifically in 

areas with dry and wet seasons like Vietnam (An, Fang, Ming, & Huang, 2015; Kougias, Bodis, Jäger-

Waldau, Monforti-Ferrario, & Szabó, 2015; Margeta & Glasnovic, 2012; François, Zoccatelli, & Borga, 

2017; Jurasz & Ciapała, 2017; Ogueke, Ikpamezie, & Anyanwu, 2016; Libanori, Pinheiro, & Francato, 

2018; Silvério et al., 2018). 

1.3 Research Question 
As the introduction shows, Vietnam is in the initial stages of expanding renewable energy sources in their 

electricity system. The past has shown however that the high pressure to keep the electricity system 

adequacy and security can lead to severe negative impacts locally. It is therefore important to analyse the 

current transition in an extensive way, taking these risks into account. The construction of solar farms can 

be a solution to allow continuous fast solar development, while limiting potential negative effects on the 

electricity grid and local populations. This research therefor applies the energy justice framework to floating 

solar farms. It aims to show how technologies interact with the local context to determine the way the 

electricity system is shaped. 
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The retrofitting of hydropower plants to hybrid pv-hydropower plants has a significant potential in Vietnam. 

There are several regions in Vietnam where hydropower plants are abundant, specifically the northern 

mountain regions and the Central Highlands (EVN, 2016). The goal of this research is to analyse the 

potential and value of this type of solar farm through the energy justice framework. As Figure 3 shows, this 

means that this research combines the floating solar, hydropower plants, energy justice and the Vietnamese 

energy system.  

The research question that this leads to is: 

What are the benefits and risks in the implementation of solar farms as part of a hybrid 

hydro-pv power plant in Vietnam from an energy justice perspective? 

 Sub-questions: 
As we have The first sub-question is about procedures, the first key element of energy justice. It aims to 

find out if and how local stakeholders are represented in laws and regulations. This directly affects the way 

the benefits and burdens of the hybrid plants are distributed. 

1. How are local stakeholders represented in the Vietnamese laws and regulations around the 

construction and operation of solar farms? 

The second and third sub-question are concerned with the other two key elements of energy justice; costs 

& benefits. The sub-question aims to find out what the impact of the retrofitting of a hydropower plant has 

on the local society and electricity grid, and how the impact is distributed among social groups. Within 

these sub-question there is also a reflection on the differences with the implementation of a regular solar 

farm. 

2. How does the solar farm impact the electricity grid, and are there synergies with the 

hydropower plant? 

 

3. How the solar farm impact the regional society, and how is this affected by the installation on 

a waterbody ? 

The fourth sub-question is an analytical sub-questions. The first two sub-questions mapped the three main 

elements of energy justice. The third sub-question analyses these results to find out whether any injustices 

occur and where. 

4. Where do potential injustices occur in the retrofitting of hydropower plants in Vietnam? 

Figure 3 The research aspects 
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1.4 Report outline 
The report consists of 10 chapters. Chapter 2 describes the Vietnamese energy context. Chapter 3 goes into 

the technical characteristics of the integration of solar farms in the grid, and potential benefits from the 

hybrid operation with a hydropower plant. Chapter 4 develops the theoretical framework around the concept 

of energy justice. Chapter 5 explains the methodology, after which Chapter 6 – 8 describe the results of the 

study. Chapter 9 contains a discussion of the results, implications and limitations of the research together 

with recommendations for future research. The final chapter contains the bibliography of the research.  
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  The Vietnamese context 
This chapter describes the Vietnamese context. It starts with a short description of the economic situation 

in Vietnam after which it goes into the technical, organizational and geographical structure of the electricity 

system and the role of solar power. 

2.1 The Vietnamese economy 
Vietnam has experienced one of the highest economic growth rates in the world recently, and has been able 

to growth relatively inclusive. Growth figures of 2004-2012 show that the total national income within 

these years has grown by about 60%, while income distribution improved. In the past decades in Vietnam 

about 30 million people have been lifted out of poverty. The income poverty rate in Vietnam decreased to 

7,0% in 2016. While this indicates that Vietnam is on the way of eradicating poverty, there remain large 

differences between regions. The Northern Uplands and the Central Highlands still have relatively high 

rates of poverty, while the southern part of the country is relatively rich (UNDP, 2018). While there is still 

poverty, energy access in Vietnam is relatively good. The country know a grid coverage of 100% and energy 

costs for low-income households are kept very low through subsidies (Ha-Duong & Nguyen, 2017). 

2.2 Vietnamese power system 
The Vietnamese electricity grid is in a state of change in several ways. During the past decennia the 

Vietnamese electricity consumption has grown with an annual average of more than 10% and is expected 

to keep on growing with about 8% annually until 2035. Furthermore, the Vietnamese electrification rate 

has reached 100% in 2018. Lastly, the sector is experiencing market reforms to open it up more to private 

capital. In general, the generation capacity has been able to keep up with the growing demand. Although 

the strong dependence on hydropower causes strong fluctuations in the availability, and thus the cost of 

energy between the dry and wet season and dry and wet years (World Bank, 2016).  

 Capacity 
The Vietnamese energy system has a total installed generation capacity of about 48 GW. As shown before, 

the Vietnamese grid has traditionally relied on a large share of hydropower. As hydropower sources are 

being exhausted, future growth has to be met with other electricity sources. According to the current power 

development plan more than half of this growth will be met through coal-fired power plants and about 25% 

by renewable energy (Danish Energy Agency, 2017).  

Figure 4 Vietnamese electricity consumption between 1971 -2015 
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Due to the fast growth there is a need to install new generation capacity relatively fast. Currently some of 

the larger coal-fired power plants are experiencing a delay in development, leading to a fear of electricity 

shortage in the coming years. This is one of the reasons why solar power is being installed this fast, as they 

have a much shorter development time, for short-term increases in power availability (Dapice, 2018).   

 Supply & demand patterns 
More than half of the electricity in Vietnam is being used for industry and construction purposes, with 

another 35% being used for residential purposes. The monthly electricity consumption varies slightly 

throughout the year, with a peak in August, and the lowest energy consumption in February.  

The daily load pattern in the energy system shows high loads during the day, with a dip during the afternoon 

break, and relatively low loads during night. Figure 5 shows the energy demand on the 11th of august 2017. 

The absolute peak demand during this day took place at around 14.00. 

Although the share of hydropower is decreasing, it is still an important energy source within the Vietnamese 

system. The reliance on hydropower is a cause for seasonal variations in energy availability and price. In 

the dry season - from December to June – especially the northern part of the country can experience energy 

shortages, while the wet season - July to November – often knows a relative abundance of electricity. The 

hydropower availability peaks in august and is the lowest generation in March, the ratio between the highest 

and lowest monthly hydropower generation is relatively high as there is three times as much hydropower 

in August compared with March. Figure 7 shows that in August more than half of the electricity is provided 

by hydropower, while in March this is less than 25%. To compensate for this, in the dry season more coal 

and electricity are imported from neighbouring countries (Son Hai & The Huu, 2011). 

Figure 6 Monthly energy consumption (10^6 MWh) (Source: EVN, 

2017) 
Figure 5 Hourly energy consumption on 11-08-2017 (Source: EVN, 

2017) 

Figure 7 Monthly Hydropower Generation (10^6 MWh) (Source: 

EVN, 2017) 
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 Geographical organization 
The system is organized in three main, interconnected regions, the northern, central and southern region. 

These three areas are operated by a separate grid operator. The three areas are connected through a 500kV 

transmission system. The northern and southern region use most of the electricity, while the consumption 

of the central region is relatively small. In 2017 the total electricity consumption in the Vietnamese grid 

was about 197610 GWh, of which 85132 GWh in the North, 92125 GWh in the South and 18172 GWh in 

the Central region. The Central and Northern region are net electricity producers, while the south has a net 

electricity deficit. The seasonal hydropower variations mean that in the wet season the central and northern 

provinces export a lot of electricity to the south, while in the dry season this might be the other way around 

(EVN, 2017; Son Hai & The Huu, 2011). 

Due to the geographical imbalance in energy sources, and also the seasonal variation, the 500kV 

transmission system is very important for balancing the power supply in the different parts of the country. 

Often high amounts of power flow through the system (Son Hai & The Huu, 2011). 

 Power sector reforms 
The organization of the Vietnamese power sector is currently in a state of transition, from a fully integrated 

government owned system, to an unbundled system with full competition. The power sector has 

traditionally been dominated by Vietnam Electricity (EVN), which until 2005 was responsible for the 

transmission, distribution and most of the generation. 

Over the past years EVN has been largely unbundled and separated into different legal entities, although 

EVN still owns these entities. The Vietnamese electricity market currently operates under a single-buyer 

structure, where the Electricity Power Trading Company (EPTC, held by EVN) buys the power from power 

generation companies through power-purchase agreements (PPA) and a competitive wholesale market. The 

system operator is the National Load Dispatch Center (NLDC).   

Although the electricity market has been open for independent power producers (IPP) since 2000, electricity 

generation is still dominated by EVN owned companies. In 2014 about 71% of the generation capacity was 

owned by EVN or by companies owned by EVN, although the aim is to completely separate these 

companies from EVN in the future (ADB, 2015). A competitive generation market was initiated in 2012 

Figure 8 Structure of EVN. (Source: World Bank (2016)) 
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and in January 2019 a competitive wholesale market. The goal is to have a competitive retail market by 

2024. The role of the competitive markets has been limited until now, with only 10% of the electricity being 

sold through a day-ahead competitive market in 2016 (World Bank, 2016). 

 Electricity pricing 

Under the single-buyer scheme EVN is the only entity selling electricity to the end users. One of the main 

goals of EVN is to keep electricity affordable for everybody. The EVN uses a progressive pricing scheme 

for residential connections, the more electricity you use the more you pay per kWh. The different scales are 

shown in Table 1. Besides these scales households get a subsidy equal to the costs of the first 30 kWh, 

based on the price of the first scale (Ha-Duong & Nguyen, 2017). This way even many of the poorest people 

in Vietnam are able to meet their basic electricity needs, in 2014 about 2,7% of households were not able 

to afford their electricity demand. Due to their priority for an inclusive electricity system with low prices 

and heavy investments to increase electrification in remote areas , EVN is incurring annual losses and is 

subsidized heavily by the state (World Bank, 2016). 

Table 1 Electricity pricing scheme EVN for households (Source: Ha-Duong & Nguyen, 2017) 

Average monthly consumption in kWh Electricity price in 2014 ($ct/kWh) 

0-50 6,5 

50-100 6,7 

100-200 7,8 

200-300 9,7 

300-400 10,8 

>400 11,2 

2.3 Development of solar power 
Before 2017, attention for renewable energy sources, excluding hydropower, has been virtually non-

existent. The implementation of the PDP 7 revised in the middle of 2017, included a high feed-in tariff for 

solar power. After this the amount of registered solar power projects has surged. In June 2019 about 4,5 

GW has been connected to the electricity grid, and another 10GW is registered. Only in June more than 

2GW of new capacity was connected, as the feed-in-tariff was only applicable for solar farms connected 

before the 30th of June. 

The new FiT is currently under consideration. The draft version proposing the new tariffs includes different 

tariffs for different regions, depending on the annual solar irradiance different FiTs for the type of solar 

energy. The country is split up in several regions, regions with a lower amount of solar irradiation get a 

higher feed-in-tariff to stimulate solar development there. The draft version also distinguishes several types 

of solar energy, ground-mounted solar farms, floating solar farms, rooftop (small-scale) solar and solar 

farms with integrated (chemical) storage. The floating solar farms earn a higher price for their electricity 

compared to ground-mounted solar farms. All prices are lower than the initial FiT from before July 2019. 

Solar farms are subject to quite some fiscal advantages due to their importance for the development of the 

country; solar farms are exempted from import duties for fixed assets of the solar plant and exemption 

and/or reduction of land use fees, land rent and water surface rent for the solar farm as well as for the 

transmission line and substation (Decision 11/2017/QĐ-TTg). In their stimulation of solar energy, the 

government provides some very favourable tax incentives for solar farms. The normal tax on corporate 

income is 20%. The first fifteen years of operation the corporate income is 10% for solar farms, and they 

are even eligible for total tax exemption during the first four years and halving the tax even further during 



11 

 

the 13 first years. The resulting tax percentage per year is shown in Table 13 in Appendix 1: Solar farm 

stimulation program. 

All Vietnamese taxes are collected on a national level. There are three types of taxes based on the allocation 

of the tax. First of all there are taxes allocated completely to the national government, secondly there are 

taxes allocated completely to the province of origin while the third type is shared between the national and 

provincial government (World Bank, 2011). The sharing rate for the shared taxes depends on the province. 

Most provinces receive 100% of the shared taxes, some of the richer provinces receive a lower share with 

Ho Chi Minh City being the lowest with a share of 23%. There are no rules at all for the allocation of taxes 

to sub-provincial government levels like communes and districts, every province can decide on this for 

itself. An overview of the allocation of taxes is shown in Appendix 1: Solar farm stimulation program.  

 Integration of solar power 
The deadline for the old FiT scheme led to many new projects being connected to the grid in a short time, 

which is already leading to several problems. At some point in June, solar farms in some of the regions had 

to reduce their output with about 60% because the grid could not handle the large amount of solar energy. 

And while EVN is normally obligated to buy all the output of the solar farms, they are exempted from this 

when it would lead to instability or other problems in the electricity grid according to the conditions of the 

PPA. 

There are significant additional indirect costs though. The transmission costs of solar power are relatively 

high as the capacity factor of the solar farm is relatively low, this means that the capacity factor of additional 

transmission infrastructure if it is designed to carry the peak output of a solar farm is also relatively low. 

The capacity factor of the Se San 4 solar farm for example is expected to be about 21%, which is very low 

compared to for example the capacity factor of the Se San 4 hydropower plant in 2018 of about 51%. This 

means that the transmission costs for a solar farm are relatively high per kWh, EVN estimates them to be 

about 5 $ct/kWh (Haiquan, 2019). 

Due to the intermittency of solar power, the grid also needs enough back up capacity in case for example 

clouds limit the power output, EVN estimates the costs for this to be 1,3 dollar cents per kWh. With the old 

feed-in-tariff means that the total costs of a kWh of solar power are about 14,7 ct/kWh, which is 

significantly higher than even the highest solar tariff for consumers of about 11 ct/kWh. 
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 Potential for hybrid solar-pv plants 
(Kies et al., 2017) found that for an optimal generation mix and transmission, almost all solar power should 

be installed in the central and southern region of Vietnam. Most of the hydropower in Vietnam is developed 

in the northern uplands and around the central highlands. Figure 9 shows that is an area in the centre where 

the solar irradiation is relatively high as well. The region consists of the provinces of Dak Lak, Dak Nong, 

Gia Lai, Kontum and Lam Dong. Most of the hydropower sources are located on the Se San, Serepok, Ba 

and Dong Nai rivers. The total amount of large hydropower connected to the grid in the Central Highlands 

is about 4,5 GW (EVN, 2017), which is a bit less than a third of the total installed hydropower capacity in 

Vietnam. Altogether, the Central Highlands is thus the most suitable area for hybrid pv-hydro plants in 

terms of resource availability. 

Most of the other hydropower capacity is installed in the north, where the solar potential is low. Some are 

also installed in provinces like Phu Yen, Binh Dinh & Ninh Thuan, which border the Central Highlands 

and where solar potential is also high (EVN, 2017). As Table 2 shows, there is a total reservoir surface of  

at least 290 km² in the Central Highlands, assuming a maximal coverage of 10% of all these surfaces this 

mean that with the nee of 1.02 ha/MWp installed solar capacity, there is surface area available for about 

2,9 GWp. 

 

 

Figure 9 Solar power potential Vietnam. Source: (Polo et 

al., 2015) 
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Table 2 list of hydropower plants in the Central Highlands of Vietnam (Source: EVN, 2017) 

Power 

Plant 

 Province River Installed 

capacity 

(MW) 

Reservoir 

area (km²) 

Max 

solar 

(MW) 

Ka Nak  Gia Lai Ba 173 unkown  

Song Ba Ha  Gia 

Lai/Phu 

Yen 

Ba 220 54 540MW 

Da Dang 2  Lan Dong Da dang 34 unknown  

Da Mi  Lan 

Dong/Binh 

Tuan 

Da mi 150   

Đa Nhim  Lam Dong Da Nhin 167,5 11 110MW 

Dam Bri  Lam Dong Dam Bri 75 2,79  28MW 

Dai Ninh  Lam Dong Dong Nai 300 18,87 189MW 

Dak R'Tih  Dak Nong Dong Nai 144 11 110MW 

Dong Nai 2  Lam Dong Dong Nai 70 10,65 107MW 

Dong Nai 3  Lam Dong Dong Nai 180 60 600MW 

Dong Nai 4  Lam Dong Dong Nai 340 8,5 85MW 

Dong Nai 5  Lam 

Dong/Dak 

Nong 

Dong Nai 150 6,1 61MW 

EaKrong 

Hnang 

 Dak 

Lak/Phu 

Yen 

Krong Hnang 64 1,2 12MW 

Buôn Tua 

Srah 

 Dak Nong/ 

Dak Lak 

Krong no 86 unknown  

Pleikrong  Kon Tum Se San 100 11,69 169MW 

Se San 3  Kon Tum Se San 260 3,35 34MW 

Se San 3a  Gia Lai Se San 108 9,03 90MW 

Se San 4  Kon 

Tum/Gia 

Lai 

Se San 360 47,46 470MW 

Se San 4a  
 

Se San 63 0  

Yaly  Gia Lai Se San 720 17,23 17MW 

Buôn Kuôp  Dak Lak/ 

Dak Long 

Serepok 280 unkown  

Serepok 3  Dak Lak/ 

Dak Nong 

Serepok 220   

Serepok 4  
 

Serepok 80 3,75 37,5MW 

Serepok 4A  Dak Lak Serepok 64   

Dak Rinh  Kontum   125 9,12 91MW 
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  Hybrid floating solar-hydropower plants 
Floating solar farms are a relatively new innovation. In 2007 the first floating solar farm was installed, but 

more than 98% of the installed systems have been installed after 2014. With a total installed capacity in 

2017 of 198 MW, and an expected additional capacity of 70MW in 2018 the implementation has been 

limited (Spencer et al., 2019). Most of these projects have been installed in South-East Asia and Japan. 

For the installation of floating PV the 

modules are adapted to be able to float on 

a plastic or steel floating structure. Most 

of the time the power electronics 

equipment for the grid connection remain 

on the shore, and electricity from the 

solar panels is transported to the shore 

with underwater cables. The installation 

and construction of the floating structure 

leads to additional costs in the 

development of a solar farm. These extra 

costs can lead to an increased investment 

cost of about 10%. Often the higher On 

the other hand there are lower costs of 

land, and lower maintenance costs due to the abundance of available water (Sahu, Yadav, & Sudhakar, 

2016a). 

The availability of water for the cooling of the panels increases the efficiency of the solar panels though, 

on average floating solar farms have an efficiency which is 11% higher. In warmer areas/periods this 

difference is larger than in cooler areas/periods (Sahu, Yadav, & Sudhakar, 2016b). Efficiency increases of 

2,5% -22% have been found in several studies (Ranjbaran, Yousefi, Gharehpetian, & Astaraei, 2019).  

3.1 Grid integration of solar power 
Solar power, and other renewable energy sources like wind, have some very different characteristics 

compared to regular energy sources, which influence its integration in the electricity grid. Large-scale solar 

farms have two the main characteristics which determine this difference: (i) the intermittency of the 

electricity output and (ii) the fact that the solar farm is connected to the grid through power electronics as 

the DC power output needs to be converted to AC electricity. As the operation and regulation for the 

electricity grid are mainly based on conventional energy generation, there are some challenges in the 

integration of (large-scale) solar power, but also some opportunities. The requirements of solar farms for 

an efficient and safe integration in the electricity grid are stipulated in the national grid code. The specific 

requirements for solar farms are described in the grid code, summarized in Appendix 2. Floating solar farms 

behave similar compared to regular solar, expect for the higher yield due to the cooling effect.  

The integration costs of renewable energy plants like solar farms is often split in three different components: 

grid costs, balancing costs and the cost effects on conventional power plants. The grid costs are the costs 

for the transmission and distribution of  the electricity and include the investment costs in the electricity 

grid, power losses and expenses for auxiliary services. The largest part of these costs consist of the 

investment cost which can be in cables, lines, substations and voltage regulation devices. For solar farms 

the grid costs are relatively high per kWh due to the low utilization rate, if the grid is dimensioned for the 

peak power output of the solar farm it is only utilized fully during the hottest hours on sunny days 

(Fürstenwerth, Pescia, & Litz, 2016). 

Figure 10 Floating Solar installations 
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The balancing costs are the costs to keep the frequency level stable. As the forecasted power output of solar 

farms always contains some uncertainty, reserves are needed to compensate potential deviations in output. 

While grid operators might impose fines for the imbalance of a power plant, these are mostly not cost 

reflective (Fürstenwerth et al., 2016). 

The third type of integration cost is about the effect of renewable power plants on the utilization rate of 

existing power plants, thus increasing their relative electricity cost. It is a controversial component, and not 

all experts agree it should be considered an integration cost. This component is further neglected in this 

study (Fürstenwerth et al., 2016). 

3.2 Integration solutions 
The installation of a solar farm next to a hydropower plant provides a specific context which provides some 

opportunities for the integration of the solar farm. First of all, the solar farm is directly connected to the 

transmission grid as most hydropower plants are. Secondly, the existence of the hydropower plant can 

provide some implications for the integration of solar power. Literature has increased attention on the role 

of complementary energy sources in enabling larger VRES shares. There can be a complementarity for 

short term energy supply as well as mid to long term energy supply. 

 Seasonal balance 
Whereas hydropower can complement solar power for short-term dispatch optimization, solar farms can 

complement hydropower plants in longer term security of supply issues. The output of hydropower plants 

can be very dependent on the wetness of a year, and on the season. In Vietnam we see for example that 

during the wet season large amounts of hydroelectric energy are transferred from the north to the south of 

the country, and in the dry season the other way around as there is a seasonal imbalance in both areas. With 

the possibility for more extreme dry as well as wet periods due to climate change, the security of supply 

from hydropower is relatively low. Solar farms have a much more stable output, although generally a bit 

more in drier periods. This way, solar farms can enhance the energy balance within and between years (An 

et al., 2015).  

A local balance in supply and demand can decrease the need for transmission investments (An et al., 2015). 

Balancing of electricity demand and supply can exist on several time and volume levels. Hybrid power 

supply 

 Short-term complementarity 
As solar farms are an intermittent energy source, which are dependent on the meteorological circumstances 

it becomes a challenge to balance the energy supply and demand in the system. In conventional power 

systems the supply mostly follows the load, but with solar power this is not possible. Furthermore, there is 

a certain instability and uncertainty in the electricity supply from a solar farm. Especially when the share 

of solar power becomes larger, these characteristics become a problem.  

Hydropower plants provide an ideal solution to mitigate short-term intermittency of solar power.  The high 

ramp rates, and available energy storage in the form of reservoir make hydropower plants particularly 

suitable(Jurasz & Ciapała, 2017; Ming, Liu, Cheng, Zhou, & Wang, 2018; Wang, Chang, Meng, & Wang, 

2018). There are two types of short-term intermittency of solar power. First of all, there is the random output 

of PV throughout the day due to meteorological circumstances like clouds. Furthermore, there is the 

intermittency due to the night-day cycle. Hydropower plants can assist in mitigating both intermittency by 



16 

 

using its fast ramp rates to compensate for fluctuations during the day, and by shifting part of their daily 

generation to evening and night hours  (An et al., 2015).  

 

Figure 11 PV compensation through Hydropower (Source: An et al., 2015) 

 Auxiliary services 
Part of the grid costs are the costs of auxiliary services, like voltage stability maintenance. Many of the 

hydropower plants are connected to the Vietnamese transmission grid. The transmission grid, especially 

the grid connecting the south and north of the country is loaded intensively. The voltage stability of the 

transmission grid limits the amount of power which can flow through it (Son Hai & The Huu, 2011).  

The connection of a solar farm does not only involve the connection of the panels, but also of a large inverter 

capacity. This inverter also influences grid operation. To enhance the stability of the transmission grid, so 

called FACTS (Flexible Alternating Current Transmission System) devices are utilized. The inverter of a 

solar farm can be used as such a FACTS devices, the Static Var Compensator (STATCOM). A STATCOM 

provides reactive power support to enhance the voltage stability of a system. The voltage source converter 

(VSC) is disconnected from the solar farm at this point, and connected to a DC capacitor as voltage source. 

The advantages of a STATCOM are that it can react very quickly, and can withstand very low voltages 

(Varma & Siavashi, 2018). 

These STATCOMs can provide several functions, in the specific context of a transmission grid connection 

and large synchronous generators around (the hydropower plant). The part of the inverter of a solar farm 

which is not used for active power injection, can be utilized to provide reactive power. As solar farms only 

produce active power during the day, and only at maximum capacity when the sun is at its peak, there is a 

lot of capacity available for this (“Varma et al.pdf,” n.d.).  

The utilization of the inverter as PV-STATCOM is already being researched for several purposes such as 

voltage regulation, improvement of power transfer capacity and load compensation. Although much of the 

research concerns the use of PV-STATCOM to increase the connectivity of wind farms by complementing 

the limited reactive power control of windfarms, PV-STATCOM devices also provide benefits in other 

situations. For the transmission grid, the utilization of PV-STATCOM might improve the power transfer 

capacity by enhancing the stability of the system. In the case of disturbances the solar farm is disconnected 

for a short amount of time, to free the complete capacity of the inverter to be used for the provision of 

reactive power (Varma & Siavashi, 2018). 
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  Energy Justice Framework 
The previous chapters have described the Vietnamese energy system and the concept of hybrid pv-

hydropower plants. The goal of this chapter is to develop the theoretical framework for the analysis of the 

impact of the installation of floating solar farms on hydropower reservoirs, utilizing the energy justice 

perspective. 

The energy justice concept is positioned in the broader field of sustainable development. It emerged out of 

the recognition that traditional thinking about sustainable development often focused on an efficient balance 

between the three goals of sustainable development in the energy system; energy security, energy equity 

and environmental sustainability. Most of the time the focus is on the efficiency, thus the total sum of the 

score on all components, but does not consider where, when and how the effects take place. In other words, 

the distribution of costs, benefits and responsibilities in the different realms are not taken into account. The 

goal of energy justice is to find a just balance between the three realms by making sure that the benefits, 

costs and responsibilities are aligned (Sovacool & Dworkin, 2015). The difference is thus that it not only 

focusses on the net impact of a project but also on the distribution of the impact, and how the impact is 

shaped through the existing societal structure. It therefore recognizes the importance law and policy as a 

determining factor in the final energy justice outcome, and places it at the centre of the triangle. 

Dimension Description 

Energy security: Effective management of primary energy supply from 

domestic and external sources, reliability of energy 

infrastructure, and ability of energy providers to meet current 

and future demand.  

Energy equity:  Accessibility and affordability of energy supply across the 

population. 

Environmental sustainability: Encompasses achievement of supply- and demand-side energy 

efficiencies and development of energy supply from 

renewable and other low-carbon sources. 

 

 

 

Figure 12 The Energy Trilemma for Energy justice 

Source: (Heffron, McCauley, & de Rubens, 2018) 
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The basis of the energy justice framework are the three tenets of distributional, procedural and recognition 

justice. These should be analysed among the whole (global) Energy Life-Cycle to get a full picture of the 

impact. These theoretical results of these tenets can then be translated to applied principle of energy justice 

for decision-making processes, this conceptual framework is shown in Figure 13 below.  

 

 Distributional justice 
The first tenet of energy justice is distributional justice. Distributional justice is about the distribution of 

the actual benefits and burdens in society. It evolves around the recognition that the impact of energy 

systems are inherently unequal. It is thus strongly entangled with the siting of energy infrastructure, as 

many of the impacts are physically around the technology. It is also concerned with the distribution of the 

accessibility of energy, and thus energy poverty issues. As the solar farms in this study are connected to the 

national grid, this issue is of lesser concern for the technology though (Jenkins, McCauley, Heffron, 

Stephan, & Rehner, 2016). 

 Recognition and procedural justice 
Recognition justice is about the fair representation and respect of all individual regardless of race, gender 

or cultural differences. It can occur through cultural domination, non-recognition or disrespect.  

Procedural justice is about the engagement of all relevant stakeholders in decision-making processes 

without discrimination (Calzadilla & Mauger, 2018). Procedural justice is the way to link ‘passive’ 

recognition of stakeholders, to active (re)distribution of impacts through formal and informal processes. 

The easiest way to increase procedural justice is often through the, formal, legal system. Although more 

informal ways, such as cultural change and value changes are also possible (McCauley et al., 2019). The 

three forms of justice are related to each other. Recognition injustice can lead to limited to no participation 

for certain groups in decision-making processes and thus procedural injustice. Procedural injustice in turn 

can lead to distributional injustice as there are no voices advocating the interests of these groups.  

Figure 13 The Energy Justice Conceptual Framework (Source: Heffron & McCauley, 2017) 



19 

 

 Justice across the life cycle 
The second part of the framework shows that for a full grasp of energy justice, we should consider the 

whole life-cycle of the energy system. Here the general issues of recognition, procedural and distributional 

justice are fitted within the life-cycle of the specific technology or system. This means that for a full grasp 

on energy justice the whole energy chain from production, conversion, transmission and distribution, 

energy consumption and waste-management is important. In thinking about the system it is not only seen 

as a physical infrastructure but also as a socio-technical system where many human-technology interactions 

take place (Jenkins, Mccauley, Heffron, & Stephan, 2014). One of the problems in thinking about energy 

justice is often that systems are often broken down in smaller parts to make it understandable such as the 

national level. As impacts among the value chain often transcend borders this is a limited analysis of energy 

justice though (Jenkins et al., 2016). 

 Energy justice and renewable energy development 
There have been quite some studies on the distribution of benefits and burdens, also linking those to 

procedural settings although not always connected to the concept of energy justice explicitly. These studies 

were often concerned with the distribution of economic, social as well as energy effects (Calzadilla & 

Mauger, 2018; Colombo, Romeo, Mattarolo, Barbieri, & Morazzo, 2018; Heinbach, Aretz, Hirschl, Prahl, 

& Salecki, 2014).  

(Yenneti & Day, 2016) analysed the distributional justice in the development of the Charanka solar farm in 

India. The Charanka solar park in India is an example of a solar farm which was considered a great success, 

as the largest solar farm in Asia at is construction in 2012 with an installed capacity of 216MW. The project 

was considered a great success and won awards for innovativeness and environmental friendliness. The 

research however found that most of the benefits of the solar farm were on a national and regional level, 

whereas the local communities did not reap many benefits. Especially the poorer, vulnerable local 

population mostly suffered due to loss of land and livelihood. In another article the same authors analysed 

the procedures in the development of the Charanka solar farm in India for their justness. Their main 

conclusion in this research was that there was a lack of information exchange and lack of participation of 

the local population in decision-making processes. This lead to higher impacts on the livelihood of the 

poorer local communities, but also unexpected delays in the development of the solar farm (Yenneti & Day, 

2015). 

A large part of the distribution of burdens and benefits for renewable energy that is injected in the grid is 

related to the distribution of energy costs within the energy system. In Saskatchewan, Canada the energy 

justice framework was applied to consider the distribution of costs, benefits and responsibilities of solar 

farms within the energy system. It takes a very policy oriented perspective, and considers the way the energy 

of solar farms should be priced and the impact of these policy decisions on energy justice. Solar farms 

provide intermittent energy, which increases the pressure on the grid operator and other energy sources to 

compensate for the fluctuations of solar energy to keep the electricity grid stable. The construction of solar 

farms far from demand centres often leads to the need for increased transmission capacity. It affects the 

availability of energy and affordability of the electricity system, and there are definitely issues of the 

distribution of responsibility for, for example the costs of solar intermittency and additional transmission 

capacity.  

4.2 Decision-making tool 
The notion of distributional, procedural and recognition justice provide a good conceptual tool for energy 

justice. Sovacool & Dworkin (2015) additionally provide a set of eight aspects to operationalize the concept 

of energy justice in decision-making. Assessing whether a project or the implementation of a technology 
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adds to achieving these goals allows us to see whether it contributes towards energy justice, and in which 

ways. The eight aspects are briefly described below. 

 Availability  

The first and most fundamental aspect of our energy system. It is concerned with the ability of the energy 

system to provide energy when needed. It is related to availability of sufficient energy resources, and the 

robustness of the energy system to withstand disruption and unforeseen circumstances.  

 Affordability  

Affordability is concerned with the burden the costs of energy puts on consumers, as the availability of 

energy does not really mean anything if consumers cannot afford to utilize the energy. Satisfying basic 

energy needs should not put too much burden on consumers. To achieve this, equitable and stable prices 

are needed. Especially for lower income households this is an important issue 

 Due Process  

This aspect means that stakeholders have the potential to participate in the decision-making process to an 

extent which equals their importance. To ensure this affected communities should be involved, giving fair 

and informed consent. There should also be some form of judicial or administrative possibility to resolve 

issues. 

 Good Governance  

People should have access to sufficient information about energy and the environment to ensure that parties 

are accountable and corruption is minimized. This means that there should be transparency in the process 

and measures to publish information. 

 Sustainability  

Sustainability means that we use the available natural resources in such a way that there are still enough 

resources available to sustain future generations. This thus means that natural resources should not be 

depleted too quickly and that there should not be too much damage to the environment. 

 Intragenerational Equity 

Intragenerational equity is about a fair distribution of the benefits of our energy system. While often 

primarily related to energy poverty and access to poverty, the energy system not only distributes energy but 

there is also a lot of wealth involved. 

 Intergenerational Equity  

Just like intragenerational justice this aspect is concerned with distributional justice, but then between 

different generation instead of within one generation. This means that we have a responsibility to leave the 

world at least as good as we found it. 

 Responsibility 

The last principle is about the responsibility of a country to minimize environmental degradations, respond 

to climate change, to protect future generation and to recognize the value of non-human species. This is the 

most complex and controversial aspect of energy justice.  
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4.3 Framework for energy justice 

As the previous sections show, the energy justice of solar power is a complex phenomenon. We see that 

there is definitely a spatial aspect to justice, as the local development can excessively affect the local 

population. At the same time we see that through the integration in the electricity grid it impacts the 

electricity mix and the dynamics in the electricity system, of which the costs and benefits are spread on a 

national level. 

In the implementation and operational phase there are several energy justice concerns for solar projects. As 

the previous section shows, for a full analysis of the energy justice impact we need to consider the whole 

life-cycle analysis. This research is mainly concerned with the impact of the solar farm on the local systems 

where it is implemented, which are the regional society and the regional electricity grid. 

The analysis of the justness of the project consists of two steps, first of all the analysis of the three basic 

tenets of energy justice 

We see that solar farms have an energy as well as non-energy impact of the solar farm. Both are important 

for the energy justice dimensions of the project. Literature has shown that many of the injustices of 

renewable energy projects take place in its impact on local communities and their inclusion in decision-

making processes. In terms of energy impact, the efficient utilization of the electricity grid and a secure 

energy supply are both important aspects of energy justice. Combining these we come to the framework 

described in Figure 14 above. 

  

Figure 14 Framework for the assessment of local energy justice 
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  Methodology 
This chapter describes the methodology which is used to answer the research question. It describes the 

indicators which are being used to estimate the distributional as well as procedural and recognition justice, 

and how these indicators are measured. 

 

Figure 15 Methodology to measure the energy justice of solar farms 

As the previous chapters have shown solar energy is rising in Vietnam, and floating solar is a recent 

innovation in this sector. In the past the development of the energy system in Vietnam has led to many, 

especially local, externalities in the recent past due to the strong national incentives to develop the electric 

capacity quickly. Furthermore, it has determined that solar farms in general also contain the risk of local 

externalities. These externalities can take place in the siting and construction of the solar farm, as well as 

within the operation of the solar farm in the electricity grid. These externalities can lead to injustices in the 

distribution of benefits and burdens in the development of solar farms. The installation of solar farms as 

part of a hybrid hydro-pv power plant has some technical characteristics which could limit the local 

externalities of a solar farm. 

This chapter describes the methodology used to answer the research question presented in the introduction. 

In Figure 15 shows the methodology for this. The theoretical framework came to the description of the 

system that is being analysed, the figure above shows how the impact will be measured . The primary goal 

of this research is to find out how the installation of floating solar farms on the reservoirs of a hydropower 

plant will affect (i) the electricity supply to the local transmission grid and (ii) how it affects the regional 

development of communities around the hydropower plant. Within this analysis we will reflect on how this 

differs from a “regular” solar farm. 
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Furthermore, we established that it is important to not only consider the actual impact but also the decision-

making processes and procedures that underly these impacts. Therefore we study the impact within the 

regulatory context of Vietnam. Since we study the potential impact of the installation of these solar farms, 

as at the time of commencement of this thesis there were no actual floating solar plants in Vietnam yet, this 

regulatory context is also important for the estimation of the probably impacts. 

For the full extent of the impact of the technology we would need to analyse the whole life-cycle of the 

system. As the phenomenon of interest is the specific local context where the solar farms are installed, not 

the whole life-cycle is of interest. The extraction, production and to a certain extent the waste management 

phase of solar panels are very important for the total sustainability of solar energy, but are not directly 

related to the location where the solar panels are used. Solar panels are mostly not produced at the site 

where they are actually constructed, and the impact is very dependent on which particular producer is 

contracted for the supply of the solar panels. Waste management is also important, but assuming that the 

solar panels are removed from the site after the operational lifetime of the solar farm the problem of re-

using or recycling of the panels is not necessarily a concern at the solar farm itself. The focus of this research 

is therefore on the part of the life-cycle from the siting process to the end of the operational life-time of the 

solar farm, although effects that take place during this time might also have influence until after that.  

5.1 Procedural & recognition justice 
The first element of energy justice are procedures, which are linked with recognition and procedural justice. 

Procedural is based on three pillars, (i) access to information, (ii) access to participation during decision 

making and legislative processes and (iii) access to justice in claims of redress regarding the first two pillars 

(Yenneti & Day, 2015).  

From a local community perspective the siting of a large-scale solar farm is one of the most vulnerable to 

injustices. The procedures around the siting are therefore analysed for injustices. A document, created by 

the MOIT, stipulating the different steps in the siting of wind farms (but also used for solar farms), is the 

main source for this analysis. The document relates to the different laws for the steps in the siting procedures 

and stipulates when and how stakeholders should be involved in decision-making processes.  

There might be a large difference between official, standard, procedures and actual practices. In Vietnam, 

corruption is a problem locally (Huu, 2014). To test the actual practice, news articles about justice issues 

around solar farms are searched for. The Vietnamese news aggregator baomoi.com is used, with the search 

term ‘Dien mat troi’ (solar power). The title of news articles between 01-05-2019 and 01-09-2018 are 

analysed, if the title indicates an article about local issues with the integration of solar power or 

socioeconomic issues the articles are translated. From every project that is found in this way which is related 

to procedural issues, several articles are analysed. Although this does give us a sense of the actual practice, 

the representativeness of these articles are questionable as not all issues might reach the media and the 

media coverage might actually alter the outcome of resolving the issue. 

5.2 Distributional justice 
The distributional justice is about the distribution of the costs and benefits in the three different realms of 

economics, society and the environment. The goal of this part is to find out what these costs and benefits 

are and how they are distributed. To analyse the distributional justice we consider the costs and benefits of 

the construction of the floating solar farm. Also here we focus on the impact on the local socioeconomic 

development and the grid operation. In the analysis of the impact we do not only consider the actual costs 

and benefits but also which societal groups receive them within the current societal framework. These 

impacts are compared with the impact of a regular solar farm. 
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 Distributional justice in Regional Development 
The first link which is considered in this report is the impact of the floating solar farm on regional 

development, compared with a regular solar farm. The results of this analysis are presented in chapter 7. 

Local communities around the solar farm are relatively vulnerable and often disproportionally affected by 

its development. While many injustices can occur in this process, these project also potentially provide 

benefits in the form of for example job creation and local income generation. We therefore want to analyse 

the impact of the floating solar farm on local socioeconomic development. In (del Río & Burguillo, 2009) 

impact of renewable energy projects on regional Sustainable Development is operationalized by providing 

a list of indicators to measure the impact on regional Sustainable Development of a renewable energy 

project. These indicators are shown in Table 3. 

 Employment creation,  

A solar project can generate local jobs in the construction as well as the O&M phase. The jobs in the 

construction phase have a more temporary nature, while jobs in the O&M phase are more permanent. The 

level of these jobs varies from high skilled to low skilled (IRENA, 2017). As solar power projects are often 

implemented in remote rural areas, there are not a lot of high-skilled labourers available, the jobs that are 

sourced locally are thus often the low-skilled jobs. 

Construction phases 

For the construction phase there are several feasibility studies available from PECC4 which stipulate the 

wage costs per activity during the construction of the solar farm. The feasibility studies distinguish 25 

different categories of wages, as we expect most of the low-skilled workers to be sources locally, we assume 

that the lowest 13 categories are sources locally and thus provide employment locally. Dividing the total 

wage costs for these categories by the daily salary for each category, the total amount of working days is 

calculated per category and aggregated for the total employment creation in working days. 

Operational phase 

For the operational phases the costs are only stipulated as a percentage of total investment costs. Wage costs 

are not indicated separately. To be able to estimate the amount of working hours created, (IRENA, 2017) 

is used. This report indicates the normal amount of annual employment creation in de O&M phase in 

working hours, as well as for the construction phase. The ratio between the calculated working hours in the 

feasibility studies, and (IRENA, 2017) for the construction phase is calculated. This ratio is than applied to 

the annual O&M employment creation in the IRENA study to calculate the expected amount of employment 

creation in working hours during the O&M phase. 

 Income generation effects 

The impact on income generation is calculated using a simplified version of the IÖW model, which is a 

model developed in Germany to estimate the added value of a project for the local economy. This model 

shows us that there are three types of economic links: the project might increase local income through local 

tax levies, local employment and by increasing other business revenues. 

Direct and indirect effects 

Two types of effects can be distinguished, direct and indirect effects. Direct effects are about the immediate 

spending of the project in the area in the form of wages, taxes and possible community benefits. Indirect 

effects are due to linkages with other economic activities. For solar farms these can exist as purchases at 

local businesses, employee spending and economic benefits due to the spending of the incurred tax revenues 
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by the regional government (Ejdemo & Söderholm, 2015). For the measurement of these indirect effects 

there is not enough data about the local economy, and these are therefore neglected. 

 Product diversification impacts 

Especially in rural areas the economy is very much concentrated in the primary sector. The development of 

alternative projects enables to diversify the local economy through the provision of jobs in other sectors. 

The effect on product diversification is analysed by comparing the local income generated through 

employment with the size of the local economy. 

 Educational impacts 

The educational level of the local population might increase, although modestly, as local people are trained 

in the context of project specific jobs. If these skills are also applicable outside of the solar project, these 

effects are larger. Another way that the educational level can improve is by the sponsoring of for example 

a library (del Río & Burguillo, 2008). 

 Increased social cohesion 

Mostly related to the aforementioned factors, the prospects of the local population can increase, leading to 

a more confident population. This can lead to more involvement in local associations and other communal 

activities (González, Gonçalves, & Vasconcelos, 2017). 

 Use of endogenous resources 

Integration in the local economy, can enhance the increased productivity locally through backward 

(suppliers) or forward (customers) links. 

 Demographic impacts 

Not all jobs created by the development of the solar farm are sourced locally. The creation of local jobs 

might lead to the migration of people to the area. In this calculation we assume that the jobs which are not 

sourced locally will lead to migration to the area. 

 Other impacts 

There are several other potential impacts of a solar farm. A type of impact that is noteworthy is impacts due 

to community benefits. To enhance the local support of a project, the developer might decide to provide 

additional community benefits such as the investment in infrastructure, community ownership or other 

sources (Cowell, Bristow, & Munday, 2011).  

 Energy impacts 

The energy impacts are not analysed in this part of the research. As the solar farm is integrated in the 

electricity grid, local communities are not expected to be significantly affected in their energy supply. The 

energy impacts are assessed from a grid perspective in the next section though, as it does affect the security 

of supply in the electricity grid and the efficiency of the system. 
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Table 3 Indicators and sources 

Indicator Qualitative/Quantitative Sources 

Employment creation Quantitative Feasibility studies 

(IRENA, 2017) 

Income generation Quantitative Feasibility studies,  

Agricultural figures 

Rubber plantation reports 

Tax System 

(IRENA, 2017) 

Product diversification Qualitative Feasibility studies 

News articles 

Demographic impacts Quantitative Feasibility studies 

Educational impacts Qualitative Feasibility studies 

News articles 

Increased social 

cohesion 

Qualitative Feasibility studies 

News articles 

Use of endogenous 

resources 

Qualitative  

Other impacts Qualitative Feasibility studies,  

Scientific articles 

 Sources 

Table 1 shows an overview of the different types of impact which can take place, with the type of source 

used to estimate them. The colour of the indicator shows the expected accuracy of estimation. As most of 

the solar farms have been implemented in the second quarter of 2019, not much data is available about the 

actual implementation of solar farms and particularly floating solar farms. Furthermore, detailed 

information about most projects is not accessible for outside parties. This research is therefore mainly based 

on feasibility studies of solar farms still to be implemented, or recently implemented, Vietnamese news 

articles about solar farms and governmental documents about Vietnamese regulations. These sources all 

have their limitations, and not all impacts are therefor expected to be measured accurately. The green 

indicators are expected to have a satisfactory degree of accuracy, on the orange indicators we expect to find 

limited information. 
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Feasibility studies 

The feasibility studies that are being used are made by PECC4 and are a feasibility study for a 49 

MWpdc/38MWpdc solar farm near the Se San 4 hydropower plant. To assess the impact of a floating solar 

farm we analyse the plans for the development of a solar farm of PECC4 at the Se San 4 hydropower plant 

in the Central Highlands of Vietnam. PECC4 is involved in the development of a ground mounted 49 MWp/ 

37MWp (DC/AC) solar farm close to the hydropower plant. Many of the Vietnamese solar projects are at 

49 MWp, as it is relatively easy to get approval for these projects. Projects of 50 MWp or larger require 

official approval from the Vietnamese prime minister. These feasibility studies, with attached calculations, 

do provide a very detailed description of all the expected financial flows and employment which is needed. 

The first three indicators are therefor quite possible to gain an indication from. While the more non-

economic social impacts are mentioned in most of the studies, they are not extensively discussed though. 

In the calculations about the profitability of the solar farm, we assume the loan circumstances described in 

the feasibility study of the Se San 4 solar farm. 80% of the investment is a loan at the ADB, with an interest 

of 2,49%, a repayment time of 15 years, and the first 5 years are exempted from loan repayment. 

The investment costs of the regular solar farm are assumed to be $37 million. A floating structure typically 

costs about 25% of the total costs of the construction of a solar farm, therefor the estimated amount of 

investment for a floating solar farm would be $46 million. 

A floating solar farm is expected to generate more electricity, in the calculation of the revenues of the solar 

farm we assume increased electricity generation of about 10% on an annual basis. 

News articles 

The same news articles that are being used for the analysis of procedural and recognition justice are also 

scanned for indications of distributional impacts. These articles can give an indication, but there is no 

guarantee of completeness or accuracy of these articles on the topic. 

 Impact on energy supply and transmission stability 
The second system in which the power plant is integrated is the electricity grid. As Chapter 3 has shown, 

the integration of solar farms as a floating structure part of a hybrid power plant might reduce the integration 

costs compared to regular solar farms and improve local energy security. 

This inverter has the potential to be used as a FACTS (PV-STATCOM) device to increase the local limits 

of the electricity grid. This research will consider the extent to which a stable power supply is possible, and 

to what extent the inverter can indeed assist in a more efficient use of the transmission grid. 

Impact Analysis Source 

Seasonal energy balance Statistical analysis  Se San 4 historical data 

Grid & electricity costs Statistical analysis  Se San 4 historical data 

Balancing costs Statistical analysis  Se San 4 historical data 

Improved transmission capacity DigSilent Dynamic Simulations Generic simulation results 
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 Se San 4 hydropower plant 

To analyse the impact on the energy supply we consider the case study of the Se San 4 hydropower plant. 

This is a 360MW hydropower plant, consisting of three 120MW generators. It is located at the Tonle San 

river in the province of Gia Lai in Vietnam. The development of a 49 MWp DC - 37 MWp AC - solar farm 

near the reservoir of the hydropower plant is currently in process.  

The historical irradiation data at the Se San 4 hydropower plant is used to calculate the output of a solar 

farm at that location in 2016-2018. The historical hourly hydropower output of the Se San 4 hydropower 

plant of these years is used as reference output for the hydropower plant. These three years have very 

different meteorological circumstances, altering the output of the hydropower plant significantly. 2016 was 

a very dry year while 2018 was a relatively wet year, 2017 was a more average year. 

Hydropower plant constraints 

The hydropower plant has a few operational constraints that limit the possibility to adapt its output. First of 

all, for the stable operation of a generator it needs to generate at least 80MW when in operation. 

Furthermore, we assume that for a generator to be able to react to short-term power output changes it already 

needs to be in operation. Idle generators cannot quickly ramp up to start supplying power.  

Besides this, there are some rules for the generation of the hydropower plant from a hydrological 

perspective. During the wet season there is a maximum reservoir level to prevent flooding, at this level the 

hydropower plants needs to maintain a steady outflow of water. In case of flood risks, the operational 

decision-making power goes local regulatory bodies instead of the plant owner. During the dry season, 

there is a minimum reservoir level and a minimum daily discharge volume. Furthermore, there is a 

maximum amount of time the hydropower plant can interrupt water flow. The values for the different 

parameters are shown in Table 4 below. 

Table 4 Hydrological constraint parameters 

Dry Season parameters Value 

Minimum average daily output 195 m³/s 

Minimum reservoir waterlevel 210 m 

Maximum time without waterflow 9 hours 

Wet Season parameters  

Max reservoir water level 214,5 m 

 

It is important to know, that in February 2018 the rules for the operation of the hydropower plants along 

the Se San were adapted. Therefore, the operation of the hydropower plants in 2016 and 2017 (and the first 

month of 2018) do not follow these rules and thus have other minimum daily flow, and minimum and 

maximum reservoir levels.  

Solar power generation pattern 

Equation 1 is used to calculate the solar power output based on this data. The area and efficiency are based 

on the planned 50MW solar power plant. A solar farm on a water body is expected to generate higher power 

outputs compared to a land based solar farm due to the cooling effect of the water, especially during the 

hotter hours. The magnitude of this difference is unknown however, and therefore not taken into account 

in these calculations. 

 𝐺𝑠,𝑡 =  𝜂 ∗  𝐴𝑠 ∗ 𝐺𝐻𝐼𝑡 ∗ (1 − 0,005 (𝑇𝑡 − 25)) (1) 
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Artificial load pattern 

Based on the daily solar output, and the historical generation pattern of the hydropower plant an hourly 

artificial demand pattern is made. For every day the average hourly solar output is calculated and added to 

the output of the historical hydropower plant output.  

The hybrid power plant output if fitted to the artificial demand pattern on a daily basis. For this we use two 

steps. The first step is to compensate for the intermittency of solar power by shifting the excess electricity 

during the day to the hours without any solar irradiation. The constraint here is that the hydropower output 

should stay within its maximum and minimum output limits. During the day this is considered on an hourly 

basis, for the nights the capacity of the hydropower plant to increase or decrease its output is summed. The 

second step is to redistributed electricity during the day from the hours with excess electricity to hours with 

a shortage, within the hydropower plant constraints.  

The hybrid operation will not be able to fully follow the load, due to the operational constraints. To be able 

to analyze the extent to which it is able to fit the generation to the load we calculate the average hourly 

deviation from the artificial load in MW. We compare this with the deviation of the load when the 

hydropower output is not adapted to the solar farm.  

The decrease/increase in hydropower output to compensate for solar generation, creates a ‘virtual’ solar 

output equal to Equation 2. 

𝐸𝑆,𝑣𝑖𝑟𝑡𝑢𝑎𝑙 = 𝐸𝑆 +  𝐸𝐻,𝑠ℎ𝑖𝑓𝑡          (2) 

 PV-STATCOM for auxiliary service 

The use of the inverter as PV STATCOM can be used to provide auxiliary voltage control. Within the 

transmission grid this voltage control can lead to better voltage stability within the system. An improvement 

in voltage stability can increase the transmission limits of the system, as the system will be able to withstand 

faults while operating under higher loadings.  

The inverter thus has the potential to improve the transmission capacity of the transmission grid. To test, 

and try to quantify this ability for increasing the transmission capacity, we simulate the behaviour of a 

hydropower plant after a fault in the transmission grid with and without the connection of a STATCOM. In 

Figure 16 Operation of STATCOM throughout the day Source: Varma & 

Siavashi (2018) 
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this analysis we assume that the full capacity of the inverter can be used as a STATCOM. As during night-

time the full capacity is available, and during daytime recent studies have shown the possibility for the 

inverter to switch to full STATCOM operation after a disturbance to increase its effectiveness (Varma & 

Siavashi, 2018). These simulations are performed within DigSilent Powerfactory. The second controller 

system compares the voltage at PCC VT with the reference value VTref to generate the reactive current 

setpoint through droop control. 

STATCOM control 

The applied control system for the STATCOM in DigSilent PowerFactory is shown in Figure 17 as used in 

(Rafi, Mai, Nguyen, & Vo, n.d.). The control system is based on a double PI system. The first controller 

compares the DC voltage VDC with the reference value VDCref to generate the the active current reference Id. 

New England grid 

As there is no detailed model available of the Se San 4 hydropower plant, we use a generic network model 

to estimate the performance of the STATCOM. We implement the hydropower plant with STATCOM in 

the IEEE 39 New England grid. This is a  benchmarking network that is often used in literature. It consists 

of an extra high voltage (EHV) transmission system and a sub transmission system of 138 kV. The 

connected generation mix consists of hydropower, coal-fired power plants, nuclear powerplants and gas-

fired power plants.  These have automatic voltage regulators and governors installed. In the original system 

there was a nuclear power plant at Bus 38, which is substituted for a hydropower plant with an additional 

PV-STATCOM. This is a good place to test, as this bus is connected to the grid through two long 

transmission lines. The installed hydropower capacity is assumed to be 1080 MW, and the solar capacity 

117 MW. The hydropower capacity is similar to the capacity of the substituted nuclear plant, and three 

times the capacity of the Se San 4 hydropower plant. The ratio between the solar farm capacity and 

hydropower capacity is used as for the proposed Se San 4 solar farm. 

  

Figure 17 STATCOM controller block diagram 
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 Study case 

The simulations are performed in DigSilent Powerfactory. A fault is simulated on Line 26-29 with a clearing 

time of 80 ms, which is the maximum fault clearing time within the Vietnamese transmission system. The 

maximum power limit for the hydropower plant is calculated for both the case with a PV-Statcom installed 

and the case without the PV-Statcom. The maximum power limit is considered to be the power output at 

which the peak voltage overshoot remains within 1,1 pu after the fault clearance. 

 Indicators 

Based on the artificial demand pattern and the synthesized power output of the hydropower plant, we 

calculate parameters that indicate the effect on energy security and the transmission and balancing costs for 

the hybrid pv-hydropower plant. 

Seasonal balance 

To assess the complementarity in seasonal availability of the hydropower plant we use as simple correlation 

coefficient based on the monthly aggregate power outputs of the virtual solar farm and the historical 

aggregate output of the hydropower plant for three separate years 2016, 2017 and 2018. 

Grid & electricity costs 

The grid costs are normally calculated in $/kWh. As the main part of the transmission costs includes the 

investment in grid infrastructure such as lines and substations, the transmission costs depend strongly on 

the utilization factor. From an economic point of view, it is mostly not economical to dimension the 

electricity grid for the maximum power output of the solar farm as the utilization factor becomes lower. 

Smaller dimensions lead to lower grid costs per kWh, but to higher electricity costs due to solar curtailment. 

Although these curtailment costs are sometimes include in the grid costs, the regulatory system in Vietnam 

puts these costs with the plant developer. 

As hydropower output is increased when solar output is low, and decreased when solar output is high the 

utilization rate of the virtual solar generation should be higher when the grid is dimensioned smaller than 

the maximum solar output. To quantify this benefit we assume a curtailment rate of 80%, where the (virtual) 

Figure 18 Adapted IEEE 39 New England grid 
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solar generation is curtailed at 80% of maximum output. For both the virtual, and the normal solar 

generation pattern the cost of lost energy is calculated. 

Auxiliary services are also part of the grid costs of solar power. The use of the inverter of the solar plant as 

a STATCOM might be used to improve voltage stability and therefor the transmission limits. This ability 

is tested in Digsilent Powerfactory simulations. If these provide positive results, the inverter costs are 

expressed as additional grid value. 

Balancing costs 

Due to cloud movements there can be short-term fluctuations of solar electricity output. Hydropower plants 

can act as a local fast responding generator to compensate for these short-term fluctuations within its 

technical constraints. We do assess what % of the time the hydropower plant has the ability to reduce or 

increase its power output throughout the hour to compensate for intra-hour variations. EVN has determined 

the average cost of balancing solar output to be 1,3 $ct/kWh. The total value of the balancing ability of the 

hydropower plant is assumed to be equal to the total amount of electricity which can be compensated by 

the hydropower plant. 

5.3 Energy Justice decision-making tool 
To compare the floating pv- on hydropower reservoir with a regular solar farm, the procedural, recognition 

and distributional justice results are combined, and their effect on the eight aspects of the energy justice 

decision making tool is analysed. For all eight aspects it is considered how the  floating solar farm scores 

compared to the regular solar farm, and what is the cause of this. These results indicate the feasibility of 

the floating solar farm on hydropower reservoirs from an energy justice perspective, and where regulations 

might fall short.  
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  Procedural and recognition justice 
This chapter describes the procedural and recognition justice in the siting and operation of floating solar 

farms. 

6.1 Procedural processes 
In the development of (floating) solar farms there are several important procedures. In Figure 19  we see 

that before going into the implementation phase, three important agreements need to be signed. The 

construction permit, land use right certificate and PPA. For the procedural and recognition justice especially 

the land use right certificate and PPA are important. 

 

6.2 Land appropriation procedures 
In Vietnam the government owns all the land, people who are using the land have been granted this right 

by the government. Depending on the type of use, e.g. agriculture, forest, industry these right are issued for 

20 – 50 years, and indefinitely for residential land. The government has the right to appropriate land through 

compulsory purchasing though for the purpose of national economic development as well as national 

security and defence (Hirsch, Mellac, & Scurrah, 2015). The regulations for land appropriation by the state 

Figure 19 Flow chart of development stage 
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are regulated through governmental Decree No.: 47/2014/NĐ-CP Regulations On Compensation, Support, 

And Resettlement Upon Land Expropriation By The State’.  

For solar farms smaller than 50MWp, the responsibility for the approval of the land and inclusion in the 

PDP (MOIT, 2016). Land users have to be included in the process after the land is accepted as viable for a 

renewable energy process and before actual on-site construction activities begin. The resettlement and 

compensation of the previous land user have to be agreed on. Since a few years there is an independent 

third party which determines the size of compensation to be made. The compensation needs to include the 

costs of resettlement, cost of relocation of productive activities, lost crops as well as a compensation for the 

selling of the land (or new land with the same value) (Huu, 2014).  

In the past there have been many issues regarding the resettlement of inhabitants, and their right were not 

taken into account sufficiently. Although land acquisition rules have bettered compared to the past, there 

are still some gaps in the laws. Currently, an independent third party defines the height of the settlement 

the land user does not have a say in this. Although he or she can protest against and disagree with the 

settlement, the land user does not have the legal right to block the transfer of the land use rights, the 

provincial authorities have the final say. While since a few years there needs to be consent from the affected 

land user before a decision about land acquisition can be made, the mechanisms through which this needs 

to take place are not specified (Huu, 2014). In practice it thus depends a lot on the attitude of the local 

authorities to what extent the objections of the land user are taken into account.  

Although officially the Vietnamese authorities still have the right to procure the land for a solar farm, for 

the good of the country, the chance that this will happen without the consent of the land user is smaller than 

before. Due to many issues with the resettlement of inhabitants, especially related to hydropower 

development, many government entities in Vietnam have become much more sensitive towards the interest 

of the land user. In most of the government communications about solar farms, they also communicate the 

preference to utilized unused land or inefficient agricultural land. Residential land is preferably shunned 

altogether, just like most agricultural land. Although these preferences already prevent a lot of potential 

local negative impacts, ‘inefficient agricultural land’ is a very broad definition. Many smallholder farms 

could be defined as inefficient agriculture, while the farmers themselves can be really dependent on their 

farming income.  

Most of the time when land users do not agree with the resettlement and compensation, a project will not 

continue. While this diminishes the land issues significantly, there are still situations where land issues can 

arise. These issues are illustrated below with several cases extracted from the Vietnamese news sites. 

 Tay Ninh & Song Cau cases 
First of all, the distribution of land use rights has been in progress for many years between and was largely 

the responsibility for local governments. About 18% of the agricultural land is not officially registered yet 

(Huy & Nguyen, 2019). In a project in Tay Ninh project we see that people, who had been using the land 

for the solar farm for years did not have any legal rights to the land. These people were expelled, and their 

crops were destroyed before there was any agreement (CVD, 2018; Tay Ninh Online, 2018) (Tien Phong, 

2018). In a case in Song Cau, the same issue applied. One of the protestors here was actually beaten by the 

director of the investing company, this director got prosecuted for this (Dan Viet, 2019a; Doanh nhan, 

2019).  

 Binh Dinh case 
Another issue is that land can still be very important locally, even if it is not directly used. In the construction 

process of a solar farm in Binh Dinh we see that the local population was informed in a very late stage. As 



35 

 

the project area was owned by the government, only the local authorities had to be included in the process. 

The inclusion of the local population in this case is not legally necessary. When the people found out about 

the project, there were large protests against the project as they were afraid the project, which was along a 

coastal area, would destroy the forest which was important as a flood defence (Saigon Online, n.d.; Vietnam 

News, 2018).  

In the beginning of 2019, after much media coverage, the project is on hold because of these protests, and 

maybe even cancelled altogether. At the end the local interests were thus taken seriously, and  people were 

listened to (Nguoi Lao Dong, n.d.).  

 An Hao community 
In the An Hao community a government official has been suspended for buying the land of local people for 

a solar power project at a too low rate. He was the local official responsible for resettlement and 

compensation procedures. After local people voiced their concerns he got suspended, and a lawsuit against 

the plant developer is under way (Dan Viet, 2019b; MotTheGioi.VN, 2019). 

 Land speculation 
Many of the plots that are acquired for solar farms are acquired by parties that do not have the capacity to 

develop a solar farm themselves. They try to find investors who are able to, and get a share of the solar 

farm for the contribution of land. These investors assume that land pressure will increase, and the price of 

land will increase. As solar farms are exempted from land rents this is a very low-risk strategy, and one of 

the reasons for the high rate of accepted solar project, but the relatively low actual implementation rate. 

(Dapice, 2018). 

 Protests 
What we do see in most cases that are mentioned above is that people do protest when they feel like they 

are unduly treated, and sometimes with success. In Binh Dinh the project was postponed an ultimately 

cancelled when no agreement could be reached. In the Tay Ninh case, the protestors did not succeed but 

were also able to protest at their local government and were taken seriously. In the An Hao community 

protests led to the suspension of an official, and a lawsuit against the project developer. These cases show 

that while initially the local interest is not always considered sufficiently, there is room for locals to 

readdress the issue. It is important to realize that these cases might show a skewed image, as the media 

coverage of these cases might influence the processes and it might be that only the more vocal groups end 

up in the media. 

 Application to floating solar 
For floating solar farms not all issues with land are relevant, as the reservoir surface is not owned by the 

local communities but by the hydropower plant owner in general. This is seen as one of the important 

advantages of floating solar farms for investor, as it saves the investor many relatively long procedures of 

haggling with the local land users. 

At the same time people there are often still people dependent on the lake for fishing activities. Waterbodies 

can be utilized for various purposes by local inhabitants like fishing or irrigation. The Binh Dinh and Tay 

Ninh are both cases which show that in these situations there are procedural risks. Just like with solar farms 

in these cases, the people are not officially registered as owners of the surface area but can still be dependent 

on it. This means that the risk of them not being included in decision-making processes is larger. 

We see that the main problems in these cases are the access to information and participation in the process, 

due to misrecognition of these stakeholders.  
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6.3 Power purchase agreement 
Before a solar farm can be connected to the electricity grid the plant operator needs to sign a power purchase 

agreement with the grid operator, which was stipulated in ‘Circular No: 16/2017/TT-BCT Regulating Solar 

Power Project Development and Standardized Power Purchase’. This circular was in effect until the end 

of June 2019, so almost all current solar farms fall under this PPA. For new solar farms there is no definitive 

new PPA yet, only a draft version. A preliminary PPA needs to be signed at the end of the preliminary 

development phase. Based on the consequent feasibility study the definitive PPA is eventually signed in 

the development phase, before implementation commences. 

The PPA stipulates that EVN has the obligation to buy all the electricity produced by the solar plant for a 

certain fixed feed-in-tariff for the first 20 years of operation. EVN is exempted from this obligation when 

the transmission or distribution net is unable to receive the electricity due to for example a breakdown or 

maintenance. The electricity seller is furthermore responsible for the investment in the equipment for the 

connection of the solar farm to the electricity grid.  

There are some concerns about the PPA because the different clauses put the risk of grid problems with the 

investor. Together with the low credit rating of the EVN this causes the PPA to be unbankable for many 

international investors. The recent warnings of the EVN about grid overloading in certain areas, and the 

need for curtailment of 60%! of solar power indicates that the risk of grid overloading is not known, or at 

least not communicated at the time the development of solar farms commenced. This lack of transparency 

creates a very uncertain situation for solar power developers. 

 Application to floating solar 
For floating solar the PPA applies in the same way as for regular solar farms. The new draft version for the 

FiT has stipulated the higher FiT of 6,85 $ct. One of the advantages of the floating solar farm is that it is 

able to use the existing infrastructure at the hydropower plant for its connection. This means that the 

responsibility to construct the grid connection is less of a burden on these projects. It is also connected to 

the transmission grid, and might benefit from the flexibility of the hydropower plant as it can reduce the 

risk of curtailment.  
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  Distributional Justice 
This chapter describes the distribution of benefits and burdens among the different stakeholders. It starts 

by considering the benefits and burdens for the regional economy, after which it shows the distribution of 

benefits and burdens within the energy system. 

7.1 Regional Development 
 

 Employment creation 
Employment opportunities are created during the construction phase as well as the operational phase. The 

construction phase is about 1 year, while the operational phase is expected to last 20 years.  

The feasibility studies show a detailed deconstruction of the employment expenditures during the 

construction phase. Employment is broken down in 25 different categories, with varying salary and 

activities. Most of the time low-skilled work is sourced locally, therefore it is assumed that the 12 lowest 

wage categories are sourced locally. Most of the construction employment is in these categories. Table 5 

shows the amount of jobs that are created in these categories.  

We assume that the O&M employment during the operational phase is the same for both types of plants. 

Some studies argue that maintenance costs would be lower for floating solar, indicating less employment 

during the operational phase (Sahu et al., 2016a). There is no way to quantify this though. 

Table 5 Local employment creation typical projects 

Project Employment creation during 

construction (Days) 

Annual O&M employment 

creation (Days) 

50 MW solar farm 76866  14033 

50 MW floating solar 98067 14033 
 

 Income generation effects 
Table 5 shows the total local income generation for a 50MW floating solar farm, a regular solar farm and a 

smallholder farm taking up the same amount of space as a regular solar farm. The income generated is 

calculated over a period of 20 years, the expected lifetime of a solar farm. 

 Local tax payments 

In Vietnam, all taxes are paid on a national level, no taxes are directly paid to municipalities and provinces. 

In this calculation we assume that taxes paid in a certain province are directly redistributed to the provincial 

budget. Due to the many tax benefits of a solar power project, the tax revenues are relatively low. Over 20 

years of operation the total tax income is $ 8,7 million, with more than two third only arriving in the last 5 

years of operation. 

 Land lease payments 

One of the main sources of local income generation for solar power projects are often land lease payments. 

In Vietnam solar power projects are exempted from land lease payments however, to stimulate solar power 

developments. These revenues are thus equal to zero. As the previous chapter has shown there might be 

local investors who obtained the land to gain ownership in a potential solar farm , in these cases there might 

be indirect income generation from land ownership. 
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 Resettlement and compensation 

Part of the land used by the Se San 4 solar power plant is currently being used by a rubber company. The 

rubber company is compensated for the loss of land, crops and buildings, and earns about $ 0,6 million. 

Although the scenario assumes a smallholder farm in other calculations, we assume that resettlement and 

compensation would be similar for the loss of economic productivity. The loss of homes could result in 

higher resettlement and compensation fees. 

Furthermore, in the floating solar farm scenario we assume no resettlement and compensation is needed, 

although in practice some might be needed for the construction of power lines and substation. We assume 

that the infrastructure of the hydropower plant is sufficient for this though. 

 Personal income 

As we can see, the floating solar farm creates a somewhat higher income throughout its lifetime compared 

to the regular solar farm, although the difference is small. Then a solar farm is (partially) built on the area 

of a smallholder farm, the difference in net job generation is much larger though as more than half of the 

created jobs are lost through the replacement of the smallholder farm. As with the resettlement and 

compensation fee, it is assumed that the floating solar farm does not impact any household, farming or other 

economic activity. 

Table 6 Local income generation 50MW (floating) solar farm and smallholder farms of same aggregate size over lifetime (In 

million USD) 

Type of income Floating solar 

farm 

Regular solar 

farm 

Smallholder 

farm 

Net regular 

solar farm 

Plant owner profit  $       33,4   $       28,1   $           -     $       28,1  
Corporate tax income  $         9,3  $         7,1   $           -     $        7,1  
Personal income  $         2,0   $         2,0   $         1,1   $         0,9  
Resettlement & 

Compensation 
 $           -     $         0,6   $           -     $         0,6  

Total  $       42,0   $       37,8   $         1,1   $       36,7 
 

 Product diversification impacts 
The product diversification impacts of the solar farm are very much depending on whether the jobs are 

indeed generated locally. The total GDP in the district around the Se San 4 hydropower plant is for example 

$ 1,4 million annually, in this sense even the addition of operational jobs for about $100,000 annually is a 

significant addition to the economy. 

 Educational impacts 
There is no evidence for any educational impacts. There is a workforce that is probably sourced locally, but 

we expect this mainly to be for low-skilled jobs. There might be some educational benefits here, but as the 

jobs are low-skilled they are probably not significant. 

 Increased social cohesion 
No evidence for an increase in social cohesion is found. Only in cases where local issues arise, social 

cohesion might increase through the process around revolving these. This should however not be the case 

normally. 
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 Demographic impacts 
The demographic impact depends a lot on how the jobs are sourced. As we assume that most low-skilled 

jobs are sourced locally this impact is expected to be low. While some of the operational jobs might lead to 

some migration, the amount is very small. Especially in hybrid operation with the hydropower plant, 

technical personnel of the hydropower plant might also be involved in the operation of the solar farm. 

 Use of endogenous resources 
Except for the use of a (small) local workforce there are no indications of further integration in the local 

economy. There is no specific attention to the sourcing of materials locally. Forward links do not exist, as 

the electricity is provided to the grid. 

 Other impacts 

 Aquatic life impact 

It is still a bit ambiguous what the impact of floating solar farms is on aquatic life. Some studies suggest a 

positive impact, while other studies suggest some harmful impacts (Pringle, Handler, & Pearce, 2017). As 

we assume a maximal coverage of 10% of the reservoir surface, the impact is anyhow expected to be small 

either way. 

Although the solar farm uses less land which can be used for agricultural purposes it does occupy a water 

body which are often used for fishing purposes. When the covered surface area is relatively small compared 

to the total size of the reservoir, it does not necessarily hamper fishing activities though.(ADB, 2018), 

analyses a solar farm which covers about 6,45% of a hydropower reservoir and consider the impact on 

fishing to be minor. In this study there are some fisherman who have to travel farther to be able to access 

the lake, the fishing potential is not expected to be diminished however. If compensated fairly for the 

traveling time, and supported with the means for traveling, this is a minor local impact. 

 Water evaporation 

Especially during the dry season water evaporation can be significant. At the same time, during the dry 

season the low availability of water leads to competition in water use for several purposes. The Se San river 

in general is an important source of water in the area, for among other things irrigation (Olivier, Paradis, & 

Matti, 2013). Solar farms can reduce evaporation up to 85% (Mckay, 2013). In Australia estimations 

indicate that total evaporation could account for 40% of the lake water (Sahu, Yadav, & Sudhakar, 2016c). 

While figures for Vietnam are unknown, they show that there is a possibility for a significant increase in 

hydropower availability. Especially in the dry season a limited decreases in water evaporation in the 

reservoir could already improve the water availability locally.  

7.2 Grid integration 
 

 Seasonal balance 
The analysis of the meteorological data from 2016-2018 and the hydropower output in these years shows 

that based on the monthly aggregation of output there is a strong negative correlation between the 

hydropower and solar power availability. This means that in the months with relatively low hydropower 

availability, there is more solar power availability. Furthermore, we see that there is a small variability in 

solar power output between the years while hydropower output varies significantly. We do see that with a 

solar farm of 50MW, the added power generation is relatively small compared with the hydropower output. 

During the dry season we do see that in 2016, which was a very dry year the solar generation adds a 
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relatively large amount of energy with more than 10% of the hydropower output (the dry season is from 

December – June). 

 Monthly 

Correlation 

Annual 

hydropower 

(GWh) 

Annual Solar 

Power 

(GWh) 

Dry Season monthly 

Hydropower 

(GWh) 

Dry season 

monthly solar 

power (GWh) 

2016 -0,74 1133 68 54 6 
2017 -0,64 1442 67 93 6 
2018 -0,7 1628 68 87 6 

 

 System application 

The actor that benefits from this advantage is the regional grid operator, in the Central Highlands the CDC, 

this benefit is very hard to quantify financially or socially. A better energy balance in a region in general 

leads to lower pressure on the transmission system and lower transmission losses, eventually reducing 

transmission costs. 

 Synthetic output curve 
The results show that the hybrid operation of the hydropower plant with the solar farm significantly 

increases the fit of the supply with the local energy demand. Especially in 2018, almost 2/3 of the deviation 

could be compensated through the hydropower plant. This year especially during the dry season most of 

the energy could be redistributed. During the wet season of 2018 the hydropower reservoir level was at its 

maximum for a really long time, limiting the dispatchability of hydropower very much. 

In 2016 the effect is significantly smaller, this is mainly due to the limited amount of hydropower generation 

during this year. Especially during the dry season, the hydropower plant remained idle for long periods of 

time. 

Table 7 Indicators for dispatchability of supply 

Year Normal 

average 

deviation 

from demand 

(MW) 

Hybrid 

average 

deviation 

from demand 

(MW) 

Normal 

curtailed energy 

(MWh) 

Hybrid 

curtailed 

energy (mwh) 

Balancing 

capacity 

availability (% of 

time) 

2016 9 5,4 1213,9 753,3 60% 

2017 9 4,3 1335,5 430,2 48% 

2018 9 3,4 1165,9 368,1 58% 

 

 Transmission and electricity costs 

The results do show that hydropower plants have the capacity to shift part of their power output, and operate 

complementary with the solar farm. Based on the curtailment rate of 80% on average during the three years 

about 1240 MWh would have been lost annually due to curtailment in the regular situation, compared to 

about 515 MWh annually for the virtual solar power. This account for additional revenues of about $ 61,000 

annually for the plant developer. 
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 Balancing costs 

Table 7 shows that between 48-60% of the time during solar power generation, there is enough reserve 

capacity available of the hydropower plant to compensate for forecasting errors in solar output. The hybrid 

power plant is not always able to guarantee a stable power output throughout the day. Over the three years 

on average the hydropower plant can guarantee a stable power output about 55% of the time.  

As there are no rules yet for a hybrid pv-hydropower plant within the Vietnamese system, both plants are 

viewed separately from a grid perspective. This means that from a grid perspective the solar power still 

needs to be balance. The advantage for the hydropower plant operator is that it can earn extra revenues 

providing the balancing service. Assuming that the balancing cost (of 13$ct/kWh) exists completely of the 

price paid to the power plant which provides the balancing service, and assuming that the hydropower plant 

is able to deliver these services for the % of time as calculated above the plant owner can earn about an 

additional annual $520,000 on average. 

In the current framework there appear to be no fines for the solar power plant in case it deviates from its 

forecasted generation. As EVN is obligated to buy all generated electricity, and the meters are only read 

each month. It appears that although the solar farm has to be equipped with a SCADA forecasting system 

to provide daily output forecasts with an hourly resolution, imbalances from this forecast are not punished 

or fined. 
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 Voltage stability and maximum transmission capacity 

 

The simulations show that the use of the STATCOM for voltage regulation improves the maximum 

transmission capacity significantly. Without the STATCOM the maximum power output of the hydropower 

plant is 950MW, if the output is more the voltage at PCC shoots over 1,1 pu after the fault clearance. With 

the STATCOM the hydropower plant can generate at full capacity (1080MW) while keeping the voltage 

within 1,1 pu. The corresponding  graphs of the voltages are shown below. 

The results show that the use of the inverter as PV STATCOM. The use of the pv-inverter as a STATCOM, 

reduces investment costs in other FACTS devices. An inverter of the size of this power plant would 

normally cost about $ 2,4 million. It is not known how much the plant operator could earn by providing 

reactive power support for the grid. 

Although the PV-STATCOM cannot completely replace a regular STATCOM of this size as its capacity is 

not completely available all the time for reactive power injection. The switch to full-STATCOM mode in 

case of disturbances does increase the effectiveness significantly though, as especially during high loading 

times (e.g. peak solar generation) the grid is operating close to its limits. 

Figure 21 Voltage at PCC with STATCOM 

Figure 22 Reactive Power Supply STATCOM 

Figure 20 Voltage at PCC without STATCOM 
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7.3 Overview 
Table 8 and Table 9 show an overview of the distributional benefits of the installation of a solar pv plant as 

a floating structure on a hydropower reservoir. In Table 8 the points which apply specifically to the 

installation as part of a floating pv-hydropower hybrid power plant compared to a regular solar farm, the 

other burdens and benefits also apply to regular solar farms. 

Table 8 Overview of burdens and benefits of pv plant 

Group  Economic Social 

Plant developer Benefits 

 

 

 

 

 

 

 

 

Burdens 

Profit through sales revenues.  

Increase in solar power output due 

to cooling mechanism. 

Possible increase in hydropower 

output due to reduced 

evaporation 

 

Higher investment costs due to the 

construction of the floating 

structure 

Faster procedures 

due to lack of land 

negotiations 

compared with 

regular farm. 

 

 

Local communities Benefits 

 

 

 

 

 

Burdens 

Very limited loss of livelihood or 

resettlement needed. 

Significant employment 

opportunities 

 

 

Possibility of restriction in access 

to water 

Possible increase in 

water availability in 

dry months 

 

 

 

No official 

recognition of of 

water body 

Regional Government Benefits 

 

 

 

 

Burdens 

High tax income collection from 

plant revenues, higher compared 

with regular solar 

 

 

Grid operator Benefits Less need for additional 

investments in the transmission 

grid due to complementarity and 

provision of auxiliary services. 

Increase in 

electricity 

availability during 

the dry season. 

Table 9 below shows the economic value added based on the calculated indicators. It shows that for the 

regional and local actors the floating solar farm produces more value for all stakeholders included in the 

research. The total revenues of the floating solar farm over its lifetime are $ 136,5 million and the total 

revenues of the regular solar farm are $ 114,3 million. We see that in total about 8,2% of total revenues 

ends up at regional and local actors for the floating solar farm, for the regular solar farm this is about 7,5%. 

The plant developer gains about 24,5% of all revenues in both cases. 

The grid costs show that the cost of electricity are higher for the floating solar farm, which is due to the 

higher FiT. The local hydropower plant provides a balancing value of $10,7 million during the lifetime of 

the power plant. The avoided curtailment of electricity of the hybrid power plants has a value of $1,2 million 

over the lifetime of the power plant. 
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Table 9 Quantified benefits and burdens floating solar (in million $) 

Regional impact Floating 

Solar 

farm 

% of total 

revenues 

Regular Solar 

farm 

% of 

total 

revenues 

Difference  

Plant developer profit  $ 33,4  24,59  $ 28,1  24,5  $ 5,3 

Local tax income  $ 9,3  6,8 $ 7,1 6,2  $ 2,2 

Personal income  $ 2,0  1,4 $ 1,5 1,3  $ 0,5 

 

Table 10 Quantified benefits and burdens of solar power (in million $) 

Grid costs Floating Solar farm Regular Solar farm Difference  

Total electricity cost2  -$ 180,0 -$ 177,4 -$ 2,5 

Balancing value $ 10,7 $ 0  $ 10,7 

Curtailed electricity value -$ 0,8 -$ 2 $ 1,2 

Ancillary service value $ 2,4 $ 2,4 $ 0 

  

 
2 To be able to compare the electricity costs the total electricity costs for the amount of electricity generated by the 

regular solar farm are compared. The costs of the additional 10% are not included in the comparison as this would 

affect the validity of the comparison 

 



45 

 

 Energy justice decision-making framework 
This chapter describes the score of the floating solar farm on the eight different aspects of the energy justice 

decision-making framework, and compares it with regular solar farms. 

Table 11 Energy Justice scoring 

Aspect Score 

Availability + 

Affordability +- 

Due Process - 

Good Governance / 

Sustainability +- 

Intragenerational 

equity 

+ 

Intergenerational 

equity 

/ 

Responsibility +- 

 Availability: 
There might be a marginal impact on the availability of energy due to the seasonal complementarity of 

hydropower and solar power. This means that in the region the energy supply is more evenly distributed 

throughout the seasons. In the case study, the total annual energy supply of the solar farm is very small 

compared with the hydropower output. Still in a dry year, during the dry season the solar farm adds more 

than 10% of energy  This is more a system-wide indicator though, and there is not necessarily a difference 

between floating solar and normal solar farms.  

 Affordability: 
According to the calculations the total cost of electricity, including grid costs and balancing costs are a bit 

higher for the floating solar farm due to the higher FiT. The availability of balancing value locally does 

provide an opportunity to decrease the grid costs. If the grid operator includes a specific framework for 

hybrid pv-hydropower plants where the balancing of solar power is done by the hydropower plant whenever 

possible this balancing value could be shared between the grid operator and the plant owner. This would 

make the total cost of electricity of the floating solar farm lower than of a regular solar farm. 

The inverter of the solar farm can be used as a STATCOM to improve the transmission capacity, reducing 

the need for additional transmission grid investments. Which can be an important benefit due to the 

importance of the transmission grid through the Vietnamese centre. The cost of the STATCOM service is 

unknown though, just like the avoided grid investment costs.  

As an indication, if a regulatory framework would share the available value for balancing as well as 

ancillary services 50/50 it could reduce the total electricity cost of solar power with about 4,3%. 

The calculated benefits of the avoided curtailment are all assumed to be accrued by the plant owner. As the 

grid operator has the possibility to curtail the power output of the solar farm, the risk of losing revenues 

due to grid overloading are with the plant owner. Due to EVN having a hard time financing investments at 

the moment, we assumed that a curtailment rate at 80% would be realistic. 

 Due Process: 
In general the processes for floating solar farm is the same as for regular solar farms, in siting construction 

as well as operation. For floating power plants the water surface which is needed for the construction, is 

not necessarily owned by the local inhabitants whose livelihood depends on it. This can greatly speed up 
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procedures for the solar farm developer, as negotiations about the appropriation of the surface can be much 

shorter than for ground-mounted solar farms. 

The risk here is that only local authorities need to be contacted for the development of the project. There 

are no regulations specified for informing the indirectly affected local stakeholders, through for example 

hampered fishing activities. As the governmental institutions are benefiting relatively strongly from the 

project through there is a risk that local stakeholders will not be recognized or sufficiently included in the 

process. 

In some of the projects it seems that local protests and claims are taken seriously when they oppose the 

construction of solar farms, giving them a way to prevent the construction of the farms. It is questionable 

though in how far these cases are representative of the whole Vietnamese situation. Media coverage might 

influence the results, or the events might be covered by media because of the results. 

 Good Governance: 
Good governance is not significantly different from regular solar farms. 

 Sustainability: 
There is no clear knowledge yet about the effect of solar farms on the aquatic life in the hydropower 

reservoirs. In general there do not seem to be severe detrimental effects though, especially when limiting 

the surface area used to 10% of the reservoir. 

 Intragenerational Equity: 
In terms of intergenerational equity we see that most of the revenues end up at the plant developer and its 

investors, and the provincial government. Only a very limited amount of the revenues ends up directly in 

the pockets of the often poorer local workers. The floating solar farm can score better than a regular solar 

farm, in cases where local inhabitants do not lose their loss of livelihood. The large-scale development of 

solar farms in an area could significantly reduce the agricultural land available. Compared to the total 

income of the solar farm the potentially substituted assets have relatively low economic value, but the 

people who own them can be very dependent on them. Very locally, at the commune level, the impact is 

much smaller for a solar farm though. Only a very minor part of the revenues end up in the form of local 

wages, even in the best case scenario. 

 Intergenerational Equity: 
The intergenerational equity is not significantly affected compared to regular solar power. 

 Responsibility: 
We see that in the procedures and regulations around the development of floating solar farms there are some 

discrepancies between the distribution of responsibilities and risks and benefits.  

Some of the cases have shown that   While most of the benefits are distributed among the plant owner and 

provincial government 

 Grid responsibilities: 

Within the Vietnamese regulatory system most of the risks associated with the feed-in of generated solar 

electricity lie with the solar farm owner. The plant owner has to construct the grid connection infrastructure 

himself, and bears the risk for electricity that cannot be delivered to the electricity grid due to operational 

problems. As the operation of the electricity grid lies outside of the responsibility -and influence- of the 

farm owner the burden of this risk creates an uncertain situation for the plant owner, especially since EVN 

is known to have financial problems and has a hard time investing sufficiently in the electricity grid.  
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The responsibilities and risks apply for hybrid pv-hydropower plants in the same way as for regular solar 

farms, although they do favour investments in pv-hydro hybrid power plants, as the connection costs and 

risk of grid overloading are relatively small for the solar farm at these locations.  
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  Discussion 
This final chapter contains the conclusion of the research based on the results of the study. Subsequently it 

reflects on the study by considering its limitations. Furthermore, its implications are discussed after which 

the chapter ends with recommendations for future research. 

9.1 Conclusion 
This study aims to contribute to the discussion of renewable energy development in Vietnam. It analyses a 

particular solution, the installation of floating solar farms on hydropower reservoirs, using an energy justice 

perspective. This way it aims to make visible the benefits and burdens of this solution and the distribution 

of these, while reflecting on the comparison with regular solar farms. 

Altogether, there is a significant potential as there is space for about 2,7 GW of solar power on the 

hydropower reservoirs in the Central Highlands of Vietnam. This is about 20%  of the total goal for installed 

solar capacity in 2030 in Vietnam. The results show that when constructed strategically on the reservoir 

surface, its local impact improves compared with a solar farm constructed on an inefficient farming area. 

The local population will lose less resources, while the local government earns a higher tax income 

compared with a regular solar farm. Furthermore, when the value of the flexibility of the hydropower plant 

to limit curtailment and balance random solar fluctuations is captured and shared between the plant owner 

and grid operator the costs of providing electricity to consumers decreases compared with a regular solar 

farm. There are gaps in the regulatory system though which make the capture of this value uncertain. 

 Procedural and recognition justice 
In general the regulatory environment favours the construction of solar farms on hydropower reservoirs. As 

the solar farm needs a very limited amount of land, siting procedures might take place much faster as 

negotiations with different land owners are unnecessary. While this does favour the floating solar farms, 

there is the risk that local people who do depend on the water surface might be neglected, especially in light 

of the need for rapid grid expansion. Vietnamese news outlets have reported on several solar farm projects 

where people lost part of their productivity due to the development of solar farms without proper 

participation in the process. We assume that floating solar farms can be constructed without limiting the 

economic activities on the lake on the long-term, when covering maximum 10% of the lake surface. 

Insufficient recognition of these stakeholders in decision-making process does present a risk of limiting 

these activities after all. 

While the law does stipulate that people who use the water surface should be compensate if they lose their 

opportunity, there are gaps in the procedures that stipulate through which they should be informed and 

compensated. Especially for solar farms smaller than 50MW (which most are) this leaves a lot of space for 

the provincial authorities in their implementation of the law, and the inclusion of local people is strongly 

dependent on their attitude. As provincial authorities are bound to profit a lot from the development of a 

floating solar farm, this might increase their willingness to develop a project fast. 

 Distributional justice 
For the plant developer the construction of a floating solar farm brings significantly higher investment costs 

compared to regular solar farms. These are offset against additional revenues of the solar plant though due 

to an expected increase in electricity generation due to more efficient cooling and a higher FiT as proposed 

by the Vietnamese authorities. A floating solar farm is therefore more profitable over its lifetime compared 

with a regular solar farm. Although the higher FiT has a relatively small impact compared to the increase 

in generation.  
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If the floating solar farm is constructed on a reservoir instead of on agricultural land, it saves the loss of 

livelihood of some of the local population. Although in economic terms this effect is relatively small (about 

10% of the expected total tax income), socially it can make a big difference as the more vulnerable part of 

the population might depend on the land severely. This is all based on the assumption that floating solar 

farms are constructed on a small part of the lake, which does not affect fishing or aquaculture activities 

though. While this is certainly possible in most cases, we have seen in the past that the interests of the local 

population are not always considered extensively in Vietnam. There have been several cases already in the 

past years where local land users lost part of their land without having consented. Some of these cases had 

to do with people lacking official ownership certificates, which might be the case often with fisherman. 

This makes it relatively easy to overrule the users of the lake. Although they do have a right for 

compensation, according to the law they do not need to consent for a project to develop.     

The direct costs of electricity from the single-buyer perspective are about $ 2,5 million higher for the 

floating solar farm over the lifetime of the power plant due to the higher FiT. The hydropower plant can 

provide balancing services for the solar farm but not enough to guarantee a stable output. The 

complementarity between the solar farm and hydropower plant does allow for a more efficient use of the 

grid infrastructure. The total value that the hydropower plant provides in terms of balancing ability, and 

reduced curtailment is estimated to be about $11,9 million over the lifetime of the solar farm. At the moment 

there is no regulatory framework for hybrid power plants so it is uncertain whether this value can be 

captured. If a regulatory framework would be developed to stimulate the shifting of energy and would 

prioritize the balancing of the solar farm by the hydropower plant this could increase the plant owner 

revenues, as well as reduce the grid costs of solar power. 

 Energy justice aspects 
The energy justice aspects show that the availability of energy increases due to the implementation of 

floating solar farms. Both regular solar farms as well as floating solar farms increase the availability of 

energy during the dry season, but the decrease in evaporation during the dry season due to the coverage of 

the reservoir surface increases the availability even more for floating solar farms.  

In terms of affordability, the floating solar farm scores lower within the current regulatory framework. 

Although the flexibility of the hydropower plant can decrease the cost of delivering electricity to the 

consumer, it is unclear whether this potential can be captured. 

On due process the floating solar farm scores worse, as people who depend on the water surface for their 

livelihood are recognised and represented worse compared with people who actually own land where a 

potential solar farm is built. 

In terms of responsibilities the different types of solar farms are hard to compare. An additional 

consideration for the hybrid floating pv-hydropower plant is that there are no regulations yet about the 

responsibility to balance the solar farm output. 

In terms of intragenerational equity, the floating solar farm scores better, as there is more local net 

employment creation. 

On the other aspects there is no significant difference between hydropower plants and regular solar farms. 

 Policy implications 
As the hydropower reservoir areas seem to be a very suitable location for solar farms, Vietnamese investor 

and governmental institutions should prioritize the analysis of these for the inclusion of further solar farms 
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in the national and provincial PDPs. During the time that this research was performed, the Vietnamese 

government already proposed a higher FiT for floating solar farms, indicating their interest.  

As solar farms are seen in a very favourable light in Vietnam at the moment, and are expected to keep 

developing fast. The regulations around the appropriation of water surfaces for the solar farms contain gaps 

though, as the procedures through which local people should be informed and included leave much room 

for interpretation. The provincial authorities have an important role in determining the extent of 

involvement of the local population, while they are also an important beneficiary of the development of the 

hydropower plant. This provides them with an incentive to turn a blind eye to potential local impacts. 

Although an independent third party already determines the height of compensation for the local population, 

there is no independent third party involved in the decisions about when and how to include local 

stakeholders in the process for solar farms smaller than 50MW. 

Also in the integration of solar farms in the grid changes in the regulatory framework should asses a skewed 

distribution of risks and responsibilities. The grid operator has allowed the development of many solar 

farms in certain areas, only afterwards seeming to realize and communicate the severe problems this creates 

in the electricity grid. As all the risks of the loss of  revenues due to grid problems are with the plant 

operator, this creates a very uncertain situation for solar power development in the future. While this favours 

the implementation of (floating) solar farms on hydropower reservoirs  as the risk of grid overloading is 

relatively low at those locations, the lack of information is not favourable for solar development in general. 

The recent problems in the electricity grid will probably have made parties realize these problems already, 

but measures should be taken to ensure satisfactory information exchange about the expected ability of the 

grid to receive the solar power.  

Another solution can be to put the risk of the cost of electricity which cannot be injected in the grid due to 

grid problems in the lap of the grid operator by forcing them to compensate the plant owner for their lost 

revenues. This would align the risks associated with the grid failure with the party responsible for the 

operation of the grid.  

Furthermore, we see that if the value of the hydropower plant in balancing solar power and reducing its 

curtailment is captured, the grid costs of the floating solar farm would become lower compared to a regular 

solar farm. Providing a framework to do this would also ensure additional revenues for the hydropower 

plant operator, increasing its incentive to construct a floating solar farm.  

9.2 Limitations and recommendations for further research 
There are several limitations to the results of this study. The first few have to do with the data sources 

available. In the determination of the procedural and recognition justice the main sources that were being 

used were Vietnamese documents about regulations and news articles discussing events were there might 

have been a justice issue. The problem of the first type of source is that, especially in developing countries, 

practice can often be far from the actual regulations and corruption for example might be high. Although 

the news articles provide some insight in this, news outlets in Vietnam do not have the best reputation of 

being independent, and the cases that end up in the news might not be representative for other cases in 

Vietnam. Empirical research on the actual development of (floating) solar farms is therefore needed to find 

out what happens in practice. 

Furthermore, the distributional impact on the local economy is based on the feasibility studies of solar 

farms. Although the expected financial flows are very detailed, other issues like the hiring procedure and 

the available local workforce are not discussed, while they are crucially important to be able to determine 

the local employment for example. Assumptions have been made, and some of the potential impacts have 
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been neglected due to a lack of data. Therefore, also here empirical research on the actual distributional 

impacts of (floating) solar farms is needed as confirmation. Other effects like the effect on water 

evaporation and aquaculture are still very uncertain, but can influence the distributional impact of floating 

solar significantly. 

In the calculations covering the integration of the solar farm there was also limited data available. The Se 

San 4 hydropower plant output and solar irradiation data were combined to fit an artificial demand curve, 

using a simple three step method. The artificial demand curve might be far from reality, and the fitting 

method is not optimized for a certain goal. Furthermore, in the calculations of grid costs and balancing costs 

very general numbers from EVN are used. The choice of constructing solar farms in the neighbourhood of 

hydropower plants might already affect its integration costs, due to for example the distance to electricity 

demand centres and the grid infrastructure in the area in general. While these factors are not taken into 

account, they can affect the costs significantly.  

Future developments in the Vietnamese grid are also still uncertain and influence the viability of these 

results significantly. Regulations are changing as Vietnam is on its way towards a competition based 

electricity market and the actual stimulation measures for solar power in the future are still unknown.  
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Appendix 1: Solar farm stimulation program 
 

Table 12 Proposed new FiT (Source: (BakerMcKenzie, 2019) 

Solar Power Technologies Region 1 

Tariff 

Region 2 

Tariff 

Region 3 

Tariff 

Region 4 

Tariff 

US cent / 

kWh 

US cent / 

kWh 

US cent / 

kWh 

US cent / 

kWh 

Floating solar power projects 9.44 8.13 7.28 6.85 

Ground-mounted solar power projects 9.20 7.91 7.09 6.67 

Solar power projects with integrated 

storage system 

- - 8.72 8.21 

Rooftop solar power projects 10.87 9.36 8.38 7.89 

 

Table 13 Annual taxes for solar power projects including all tax incentives 

Year Tax percentage 
1 0% 

2 0% 

3 0% 

4  0% 

5 5% 

6 5% 

7 5% 

8 5% 

9 5% 

10 5% 

11 5% 

12 5% 

13 5% 

14 10% 

15 10% 

16 20% 

17 20% 

18 20% 

19 20% 

 

Table 14 Allocation level of taxes in Vietnam (Source: World Bank, 2011) 

National taxes Provincial taxes Shared taxes 

Import and export tax Land and housing tax All VAT (excluding import) 

Income related to petroleum 

industry 

Natural resource tax (excluding 

petroleum) 

Corporate income tax (whole-

unit accounting) 

corporate income tax on 

enterprises with uniform 

accounting 

Tax on land use, land rent and 

transfer of land use rights 

Personal income tax 

 Most fees and charges Special consumption tax 

 Revenues from leasing and 

selling dwellings 

Gasoline and oil fees 

 License tax  
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Appendix 2: Grid code requirements solar integration 
This appendix provides an overview of the different aspects that are in the grid code of Vietnam, with an 

explanation and the actual requirements. 

 Operation within frequency and voltage range 

Just like conventional power plants, VRE needs to be able to operate within a certain frequency range. 

These frequency ranges apply to all equipment connected to the electricity grid, although the specific range 

can depend on the level (e.g. transmission, distribution or low voltage) at which the equipment is connected. 

Frequency ranges are normally already specified in the grid code, as is the case in Vietnam. Its grid codes 

for solar and wind energy sources connected on the transmission level specifies that wind and solar power 

should be able to operate normally within the frequency range of 49.0-51.0 Hz. Furthermore, it should be 

able to operate for 30 minutes outside of this range but with a frequency within 48.0-51.5.  

The voltage range which the Vietnamese grid code describes for VRE is a normal operating range of 0.9 – 

1.1 pu.  

 Power quality 

Power quality consists of a range of phenomena that are connected to the waveform of the voltage and 

short-term fluctuations in magnitude and frequency. Two of the most important features of power quality 

are harmonic distortions and short-term variation in voltage magnitudes called flicker. These power quality 

phenomena have a mainly local nature, this thus means that they are always relevant independent of 

characteristics like the share of VRE and the grid size. Although the amount of consumers affected by lower 

power quality output VRE will increase with an increasing share of VRE. 

The current Vietnamese grid code for VRE connected to the transmission grid states that total harmonics 

of a VRE plant may not exceed 3%, maximum long term flicker perceptibility should not exceed 0.6 and 

maximum short term flicker perceptibility should not exceed 0.8 

 Reactive power behaviour for voltage control 

To control the voltage of the grid, reactive power control is necessary. Inductive reactive power decreases 

the voltage of the grid, while capacitive reactive power increases the voltage. For VRE this becomes 

especially relevant when its share increases as more of the voltage control capability has to be provided by 

VRE to ensure adequate capacity. With lower shares of VRE reactive power control can also play a role as 

it allows higher installed capacities at a connection point, due to its ability to decrease the local voltage at 

high energy outputs. Depending on the unit size, the required reactive power capabilities change. Modern 

VRE installations do have reactive power control capability, this does however lead to extra costs for the 

plant owners. 

In the current Vietnamese grid code, VRE units connected to the transmission grid are required to be able 

to adjust their reactive power from a powerfactor of 0.85 inductive and 0.95 capacitive. 

 Frequency support 

Grid frequency is the primary indicator of the balance between supply and demand in the electricity grid. 

When there is a power surplus, frequency rises and with a power deficit frequency drops. Frequency is 

regulated by turning on or off power plant and adjusting the power output of power plants. Power reserves 

are needed to be able to respond to sudden imbalances. There are different types of power reserves based 

on their response time. Frequency support by VRE becomes important only with (temporarily) very high 

shares of VRE in the system and the share of conventional reserves becomes too low. Normally (at least in 
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European market) the actual reserve power is bought on the market. For VRE to be able to provide reserve 

capacity it should continually operate below the maximum power output which would lead to energy losses. 

This is only desired in the situation that conventional power plants are not able to provide sufficient power 

reserves. 

In the Vietnamese grid code there is only a requirement for the reduction of active power of VRE when the 

frequency exceeds 51Hz. This reduction should take place at a rate of no less than 1% of rated output and 

follow a certain formula.  

 Active power gradient limitations 

In a system where VRE has priority in the feed-in, other generators follow the output of VRE to balance 

the electricity grid. The gradient of these other power plants is often limited, therefor the output gradient of 

VRE also needs to be limited, especially with increasing VRE shares. Limiting the gradient of increasing 

active power output is simple, limiting the gradient of decreasing active power output of VRE is harder 

though. After a sudden decrease of sunshine or windspeed it is hard for VRE to maintain a certain power 

output. To limit this gradient, VRE would need to operate below maximum output already or storage 

devices could be used. 

Future: 

 Synthetic inertia 

Mostly power reserves need a few seconds before they are activated after a sudden change. The maximum 

rate of frequency change determines the frequency deviation within this time. In a conventional system, the 

rotating masses of generators provide inertia, which limits the frequency change. Converter based 

generation does not provide inertia, possibly leading to a very high maximum rate of frequency change and 

thus frequencies deviating outside of the frequency boundary limits. A minimum amount of inertia is thus 

required in a power system. This can be provided by a minimum share of conventional capacity, or by 

introducing synthetic inertia in VRE. Synthetic inertia can increase the costs of a VRE plant significantly 

though.  

 Hybrid solar and hydropower grid integration capabilities 

The combination of solar and hydropower might have an effect on a few of these aspects 

Hydropower plants have very high ramp up rates and are thus excellent in providing frequency support. In 

some systems hydropower is already used as a backup power source and spinning reserve (Chang, Eichman, 

Mueller, & Samuelsen, 2013). As hydropower and solar power normally work complementary in hybrid, 

hydropower should often be operating at low output levels when solar energy is operating at high output 

levels. In seasons with a relatively high share of VRE (solar), hydropower thus has extra power reserve 

available. The availability of water is of course also relatively low, as frequency support is not about very 

large volumes of electricity but more about fast support for a relative short amount of time generator 

availability is more important than water availability. One of the prerequisites for this is the existence of a 

reservoir to a certain extend to be able to adjust the power output of the hydropower plant . 

With the very high ramp rates of hydropower it might also assist in limiting the active power gradient of 

the hybrid power plant when for example cloud movement suddenly reduces or increases the solar energy 

output or. The question is whether the hydropower plant would be able to respond fast enough to these solar 

output changes to really limit this. 


