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1. Introduction 

1.1 . Background and structure 

In 2016, the Government of Viet Nam published its updated plan for electricity development and 
renewable energy utilization via the revised National Power Development Plan VII (in short revised PDP 
VII). According to this revised PDP VII, renewable energy (RES) is expected to contribute 6.5% in 2020 
and 10.7% in 2030 to the national electricity mix. Achieving these targets - in particular through an 
increase of distributed energy resources (DER) and variable RE sources (vRES) - bears the risk of making 
the existing power system more vulnerable. In addition to the diversification of energy sources in the 
existing energy mix, Viet Nam also puts great attention to the subject of energy efficiency. 
 
The bilateral cooperation project Smart Grids for Renewable Energy and Energy Efficiency (SGREEE) 
supports the Government of Viet Nam with the immediate aim to:  

i) facilitate the integration of an increasing share of RE as well as  

ii) enable advanced demand-response (DR) and demand-side energy efficiency 

measures by way of introducing intelligent grid solutions.   

The project aims to support the Electricity Regulatory Authority of Viet Nam (ERAV) and other involved 
stakeholders to increase their regulatory, methodological and technological capacities related to the 
development of Smart Grids for Renewable Energy and Energy Efficiency.  
 
Therefore, SGREEE comprises of three Action Areas:  

1) building and strengthening the legal and regulatory framework;  
2) fostering capacity building; and  
3) promoting technology cooperation in the area of Smart Grids.   

 
This study establishes a solid and comprehensive basis for policy advisors concerning the further 
development of the legal and regulatory framework for Smart Grids and associated smart energy 
technologies in Viet Nam, including policies for financing and incentivizing the smartification of the 
power system.  
 
To this end, the study is subdivided into four tasks: 

Task 1 provides an overview of relevant international good practices, insights and (common) 
convictions for the regulation of Smart Grids that are beneficial for RE and EE (in brief: SGREEE); 
Task 2 reviews the existing regulatory framework relevant for SGREEE in Viet Nam 
Task 3 comprises a gap analysis that merges the insights from Tasks 1 and 2, assesses 
regulatory, operational and technical issues related to Smart Grids, and indicates potentially 
significant legal and regulatory gaps;  
Task 4 then provides a series of recommendations for actions and provisions that would help 
close identified gaps.  

1.2. Smart Grids: Goals, challenges and opportunities 

Global electricity demand is expected to rise dramatically, according to the World Energy Outlook 2018, 
namely by 60% until 2040, as compared with the year 2017 ([1], p. 325). This makes the issue of 
ensuring security of supply and new solutions for making electricity generation, transport and 
consumption more efficient ever more urgent. 
 
As the electricity system is rapidly evolving, shares of variable renewable energy sources (RES) grow, 
demand becomes more responsive and the need for system flexibility increases, Smart Grids are a key 
element in the development of a future-proof electricity system. The crucial role of communication 
among network elements on the supply and demand side as well as the bi-directional nature of this 
communication is illustrated in Figure 1.1.  More specifically, this study uses the definition of Smart Grids 
provided by the Council of European Energy Regulator (CEER) and adopted by the European 
Commission and further EU institutions: 
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‘A smart grid is an electricity network that can cost-efficiently integrate the behaviour and actions of all 
users connected to it – generators, consumers and those that do both – in order to ensure economically 
efficient, sustainable power systems with low losses and high levels of quality and security of supply and 
safety.’[2] 
 
Definitions of Smart Grids specify similar sets of key requirements to Smart Grids such as cost efficiency, 
consideration of both supply and demand sides, sustainability and high level of security of supply.  

Figure 1.1: Smart Grid concept 
 
The European Commission identified a number of key universally applicable Smart Grids functionalities: 

• “Enabling the network to integrate users with new requirements 

• Enhancing efficiency in day-to-day grid operation 

• Ensuring network security, system control and quality of supply 

• Enabling better planning of future network investment 

• Enabling and encouraging stronger and more direct involvement of consumers in their energy 

usage and management.” [3] 

 
These functionalities and in particular the crucial role of stakeholder engagement across the electricity 
value chain is also supported by the International Energy Agency (IEA) [4]. Particularly given the fact 
that network expansion possibilities are limited and often not the most cost-efficient option to ensure a 
sustainable and reliable network and to secure energy supply, Smart Grids-related measures can be 
better positioned to tackle such challenges as rapidly growing shares of RES and growing demand (e.g. 
[4]–[7]). These measures, such as the integration of system flexibility through smart energy 
technologies, responsive demand side, communication and automated control form the most important 
aspects of Smart Grid deployment.  
 
All Smart Grids projects share a number of common characteristics or goals: 
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Given these characteristics, the goal of Smart Grid regulation is to identify and provide appropriate 
incentive mechanisms to encourage Smart Grid solutions, the use bears an opportunity to tap into 
multiple benefits for all electricity system stakeholders, as illustrated in Figure 1.2. 

 
Figure 1.2. Expected benefits of Smart Grids for different stakeholder groups (Own illustration; image 

sources: see credits page). 
 
Regulation of Smart Grids is examined and addressed by energy regulators to identify potential 
challenges and ensure that the necessary actions for their successful implementation are taken on time. 
According to CEER, challenges for Smart Grids implementation include not only regulatory challenges 
but also those related to stakeholder involvement and other challenges emerging from technological 
development [2].  
 
When it comes to stakeholder involvement, system operators (SO) along with national regulatory 
authorities (NRAs) play a prominent role in the development of Smart Grids. Additionally, governments 
and technology suppliers must support development of Smart Grids together with local authorities, 
research institutes and external consultants. For instance, SOs play a crucial role at the distribution level 
in the development of the demand side management (DSM) approaches and together with suppliers and 
aggregators support domestic customers in most countries. NRAs, in turn, are normally active in 
incentivising and monitoring the implementation of Smart Grids, by providing relevant stakeholder and 
defining goals and roadmaps for Smart Grid development. Moreover, they provide support in legislation 
development, consultation and mediation. Finally, individual needs and interests of these different 
stakeholder groups require consideration and can create a challenge for their coordination. Therefore, 
the involvement of market participants, technology developers and end users gains in importance when 
it comes to the implementation of Smart Grids.  
 
Regulation of Smart Grids is concerned with the creation of proper and forward-looking incentives for 
current – and future – system stakeholders that are aligned with the requirements placed on these 
stakeholders. These will be to a different extent affected by the Smart Grids development, which raises 
the issue of fair and equitable distribution of costs and benefits. For instance, the development of Smart 
Grids will produce additional costs for system operators. This particularly concerns the distribution 
network level that must account for bi-directional energy and information flows. Examples of regulatory 
instruments to facilitate Smart Grid development include adequate grid tariffs to reflect market and 
network cost as well as investment incentives to represent the added value of DR, encouraging network 
operators to offer the most cost-effective solutions through incentive regulation as well as introduction 
of new services or markets and standardization of smart technologies and communication protocols. 
 
From the technical point of view, the challenges include the implementation of smart meters, integration 
of electric vehicles and storage along with Smart Grid project scalability or limited applicability to 
certain networks or voltage levels. Drawing a line between regulated and liberalized domains in the 
context of Smart Grids is far from trivial. 
 
Regulation of Smart Grids is certainly incomplete without the development of adequate technical 
standards for Smart Grids. For this reason, R&D activities and pilot projects are indispensable to evaluate 
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the exact potential of different Smart Grid technologies as well as their joint operation, their scalability 
and costs of deployment. Due to the speed and extent of technological transformation, a degree of 
dynamism is required from the point of view of regulation, too, in order to account for the emerging 
issues in time. For this reason, a strong feedback loop between R&D projects and regulation is necessary.  
Regulatory challenges are largely linked to the accelerated pace of technological development, which 
implies that a successful implementation of Smart Grids requires a continuous policy and regulatory 
update. Currently, most countries attempting to implement Smart Grids face both regulatory and 
commercial barriers, such as regulated electricity prices, limited network development funds, 
uncertainty around the direction of planned national action plans, integration of RES, electric vehicles, 
storage, and DR as well as energy strategies, data protection laws and standardization. 
 
The challenge of regulating Smart Grids further consists in the fact that Smart Grids imply a number of 
technical as well as governance solutions and need to be addressed in their own right. That said, there 
is no all-comprising Smart Grid regulation but rather regulation of multiple interconnected aspects of 
Smart Grids. These aspects are reviewed in Chapter 2: integration of renewables is enabled through 
financial incentive mechanisms, on the one hand, whereas, on the other hand, their physical integration 
can be guaranteed both through an appropriately dimensioned network and through a more active use 
of flexibility available in the system. Such flexibility can be untapped from a number of sources, such as 
storage systems, activation of the demand response (DR) and coordinated use of multiple resources and 
technologies as part of a single virtual power plant (VPP). These solutions are relevant for both 
transmission and distribution grid levels and need to be underpinned by corresponding two-way 
communication infrastructure.  
 
Solutions cannot overlook current and historic country developments of the electricity sector. Viet Nam 
and the other countries referenced in this report find themselves at different stages of system 
unbundling and market liberalization. This process, however, is characterized by a number of common 
steps: at the initial stages, the goal of affordability of electricity is of primary concern, it is later 
complemented by more specific measures addressing power system reliability and security of supply. 
The subsequent drive for power sector sustainability led to – often unexpectedly high – pace of 
integration of renewables. As a result, the issues of flexibility, efficient grid and peak load management 
have gained momentum and are being addressed through demand response, energy efficiency, etc. [8].  

1.3 . Brief energy profile of Viet Nam 

This Section describes the main features of the Viet Nam energy system, which will be addressed in more 
detail with regard to the state of relevant regulation in Chapter 3 of this report. 
 
Viet Nam is experiencing a high demographic and social change. Its population reached around 97 
million in 2018 and is expected to grow further to up to 120 million in 2050 [9]. Economic and political 
reforms under Đổi Mới economic reforms, launched in 1986, transformed Viet Nam by a rapid economic 
growth and development. 
 
Viet Nam’s economy continues to show fundamental strength, supported by robust domestic demand 

and export-oriented manufacturing.  The GDP growth of 7.08% in 2018 is the highest in 11 years1. For 
2019, the growth is projected to moderate to 6.6% and, over the medium term, it is projected to stay 
around 6.5%. There is an emerging middle class, currently accounting for 13% of the population and 
expected to reach 26% by 2026 [9]. The Government of Viet Nam considers economic growth a high 
priority. However, it also emphasized that fast development has to go hand in hand with a policy of 
sustainable development as well as social equality and inclusion [10]. 
 
The country’s robust industrialization process has fuelled a surging demand for energy in general and 
electricity in particular. It is expected that electricity consumption will grow by 10-12% annually by 

2020. This increase in demand is attributed to both increasing industrial and residential use2. In order 
to face these challenges, enabling regulatory conditions need to be adopted to create favourable 

 
1 https://en.nhandan.com.vn/highlights/item/7001602-Viet Nam%E2%80%99s-economy-grows-by-7-08-in-2018-highest-in-
11-years.html  
2 https://www.export.gov/article?id=Vietnam-Power-Generation  

https://en.nhandan.com.vn/highlights/item/7001602-vietnam%E2%80%99s-economy-grows-by-7-08-in-2018-highest-in-11-years.html
https://en.nhandan.com.vn/highlights/item/7001602-vietnam%E2%80%99s-economy-grows-by-7-08-in-2018-highest-in-11-years.html
https://www.export.gov/article?id=Vietnam-Power-Generation
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framework conditions for investments and eventually stimulate a system-safe expansion of renewable 
energy generation capacity. 
 
In 2018, the electricity production amounted to 220.3 TWh [11]. According to the Power Development 
Plan VII (PDP 7) [12], coal power plants will mainly contribute to the essential capacity expansion, 
supplanting hydropower as primary resource for electricity generation [13]. In 2018, electricity 
generation was still dominated by hydropower with a share of around 37.71%, followed by natural gas 
with around 18.41% and coal with around 41.6% (see Figure 1.3). Due to limited domestic coal and gas 
resources, Viet Nam’s fossil import dependency is expected to increase [14]. Except for hydropower, 
markets for RES such as for wind and solar power are in early stages of development. 

 
Figure 1.3. Above: Share of the electricity production by generation technology in 2018 (own illustration, 

data from [11]) Below: List of projects and their generation volumes as of 2018. 
 
The government of Viet Nam set expansion targets for renewable energy generation capacities for the 
years 2020, 2030 and 2050. Despite increased penetration of RES in the Viet Nam, especially solar 
generation, it is estimated that fossil-fuel power plants, specially coal-fired power plants, will dominate 
the electric market accounting around 58% of the electricity generated in 2050 (Figure 1.4) [14] . 

Hydro, 37.71%

Coal, 41.60%
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Figure 1.4. Estimation of the electricity generation by fuel by 2020, 2030 and 2050 (own illustration, data 

from [15]. 
 
The geographical and climate conditions of Viet Nam have a high potential for the development of the 
wind and solar energy for power generation. The current energy strategies exploit this fact: it is expected 
that these technologies will jointly generate around 25% of all electricity in 2050. Figure 1.5 shows wind 
power density potential in Viet Nam. The opportunities for wind energy are very promising whereas the 
best wind resources are located along the coastline. 
 
The government of Viet Nam aims to increase the electricity 
generation from wind sources from 0.18 TWh in 2015 to 
2.5 TWh in 2020, 16 TWh in 2030 and 53 TWh in 2050. This 
implies that the share of wind power in total electricity 
production shall increase from negligible to around 5% in 
2050 [14]. 
 
Concerning solar energy, the overall solar resources in Viet 
Nam show an average of Global Horizontal Irradiation of 4-
5 kWh/m2/day mostly in Southern, central and partially 
Northern regions with peak irradiation levels of up to 5.5 
kWh/m2/day in some Southern regions [16]. Figure 1.6 
shows solar potential for the photovoltaic technology. 
 
The government of the Viet Nam expects to increase the 
electricity generation from solar sources from 0.01 TWh in 
2015 to 1.4 TWh in 2020, 35.4 TWh in 2030 and 210 TWh 
in 2050. This implies that the share of solar power in total 
electricity production shall increase from negligible to 
around 20% of the total production by 2050 [14].  

Figure 1.5. Wind Power Density Potential [17]. 
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The development of renewable energies in Viet Nam have 
several challenges which encompass a wide range of 
aspects, such as technology dependence, current low 
electricity prices, relatively large required initial 
investments or lack of information and technologies of 
various renewable energy types. The renewable energy 
development strategy approved in 2015 has set specific 
targets for renewable energy in general and for each type of 
renewable energy in particular [14]. The electricity 
purchasing price from renewable energy projects (avoided-
cost tariff, feed-in tariff (FIT)) has been identified as an 
important supporting mechanism for renewable energy 
development in Viet Nam.  
 
 
 
 
 
 

 
 
 
 
 

 
Figure 1.6. Solar power potential for PV technology in Viet Nam [16]. 

 
Viet Nam electricity system: Vision 
 
The Decision No. 2068/QD-TTg [14] envisions a number of steps in order to solve Viet Nam electricity 
system’s main challenges, such as growing electricity demand, accelerating RES penetration as well as 
system stability and security.  
 
The decision lists numerous ambitious plans to promote the sustainability and system security of Viet 
Na’s electricity sector. It is planned to: 
• Develop of the RES to reduce greenhouse gas emissions around 45% in 2050 compared to BAU 

scenario and reduce fuel imports for energy purposes by around approx. 150 million tons of 
coal and 10.5 million tons of oil products in 2050.  

• Increase the total electricity production from RES to 452 TWh in 2050 to achieve a share of 
43%. 

• The expansion of transmission/distribution grids shall be able to incorporate RES including 
to address electricity supply security 

• Power entities shall develop and apply smart grid technologies, electric storage, enhance grid 
operation and management and increase the reception of RES 

• Power entities shall be prepared for new market design and electricity system operations 
model, which integrates larger proportion of power sources using variable RES.  

• Promote the development of RE technologies and industry to cover domestic needs and a 
portion of domestically-manufactured equipment items shall be exported in 2050. 

 
For this, the far-reaching and ambitious plans require not only the implementation of Smart Grids. It also 
highlights the necessity of a stable regulatory framework that addresses the existing and emerging 
challenges in a structured way, creates regulatory certainty for further investments into sustainable 
technologies and, last but not least, observes the limitations of the power grid. In this context, to establish 
a solid and comprehensible basis on the further development of the legal and regulatory framework for 
Smart Grids involves regulation of three main interrelated areas, transmission and distribution grids, 
their coordination and interaction; system-sensitive vRES enabled by technological solutions and 
economic incentives and smart solutions of the consumer side through DSM, VPP arrangements and 
advanced metering infrastructure (Figure 1.7).  
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Figure 1.7. Viet Nam’s main challenges in the electricity sector and solutions enabled through regulation 

of Smart Grids (Own illustration). 
 
These issues are fundamental for all countries implementing and regulating Smart Grids and will be 
addressed in the next chapters of this report. 
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2. Task 1: Overview of relevant 
international good practice of regulatory 
frameworks for SGREEE 
 
This chapter provides an overview of international good practices relevant for the regulation of RE grid 
integration and the deployment of smart energy technologies, including policies for financing and 
incentivizing the smartification of the power system. For this, the authors reviewed and compiled policy, 
regulation and network codes related to: 

i) grid-stabilizing integration of variable RE plants (e.g. wind and solar)  

ii) the deployment of smart energy technologies and  

iii) technical standards for smart energy technologies.   

 

The Chapter contains a number of case studies from different parts of the world. Their goal does not 
consist in providing a full and comprehensive overview of a regulatory regime in a given country but 
rather in highlighting the most important best practices concerning individual issues relevant for the 
context of Viet Nam. It goes without saying that given different stages of development in the area of 
Smart Grids but also historically different development electricity sector in various countries means that 
some options valid in one country cannot be directly (or sometimes only hardly) transposed into the 
context of Viet Nam.  
 
The cornerstones of Smart Grid implementation are related to both mechanisms for RES deployment 
and integration but also to more efficient management of network constraints and the use of the 
available system flexibility on the supply and demand side. 
 
To properly tackle the main barriers and successful approaches to Smart Grids deployment, one should 
be aware of multiple aspects involved, such as the regulation of system operators, treatment of DR and 
storage, etc., which must be addressed individually.  
 
In the following subsections under Task 1, an overview of relevant aspects and approaches to their 
regulation is discussed. Those countries that have already advanced in Smart Grids implementation 
were screened for relevant policies and regulation. A number of countries were then shortlisted and 
deemed relevant for Viet Nam based on the following criteria: 

1) Availability of good practices: Significant progress made in the implementation of Smart 
Grids and accompanying regulatory framework, 

2) Similar challenges: Challenges similar to the ones identified in Viet Nam have been tackled 
and approaches useful for Viet Nam are available, e.g. experience from countries that already 
achieved a high share of vRES in their energy systems, 

3) Similar conditions: Relevant countries in the same region or with similar climatic conditions 
(relevance for RES).  

 
Regulation of the selected countries from different parts of the world will be examined in more detail. 
Specifically: 

• The European Union (EU) is not just a frontrunner of RES expansion and integration into the 
grid (according to Eurostat, the average share of consumption of RES was at 17.5% in the 
entire EU in 20173). It has managed to provide overarching relevant regulatory framework 
for all Member States. The EU has also passed network codes related to system operation 
and electricity markets binding for all Member States. This reports details specific 
approaches adopted by the EU to further its policy goals of decarbonization, decentralization 
and digitalization of the energy system. It has made significant advances in the area of 
regulating smart energy technologies and demand-side management (DSM).  

 
3 https://ec.europa.eu/eurostat/documents/2995521/9571695/8-12022019-AP-EN.pdf/b7d237c1-ccea-4adc-
a0ba-45e13602b428 

https://ec.europa.eu/eurostat/documents/2995521/9571695/8-12022019-AP-EN.pdf/b7d237c1-ccea-4adc-a0ba-45e13602b428
https://ec.europa.eu/eurostat/documents/2995521/9571695/8-12022019-AP-EN.pdf/b7d237c1-ccea-4adc-a0ba-45e13602b428
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•  Three country examples from the EU are particularly of relevance: 
- Germany is the global trailblazer in the large-scale integration of RES and the most 

prominent promotor of the so-called Energy Transition (Energiewende). At the 
same time, similar to Viet Nam, it faces grid stability challenges due to high shares 
of vRES in its system, high generation volumes (mainly from the wind energy) in the 
North and biggest demand hubs in the South, putting a lot of stress on the country’s 
transmission network. Its approach to congestion management, RES support 
schemes and curtailment will be detailed in a case study.  

- Spain, along with Germany, has one of the highest shares of installed wind 
generation in Europe and, after the recent legislative change, its shares of solar PV 
installations are rapidly growing. The country has insolation levels similar to Viet 
Nam and presents an interesting case study of how the country tackled vRES system 
integration though encouraging distributed generation and self-consumption.  

- Norway has by far the highest shares of electric vehicles in Europe; its experience 
and incentives schemes for EV integration are included in the sub-task on smart 
energy technologies. 

• The Unites States have made multiple regulatory adjustments both on the federal and state 
levels to facilitate DR and DSM. The report includes both federal regulation on DR, electric 
mobility and microgrids and more specific regulation and incentives for smart energy 
technologies in the US state of California. 

• South Korea is one of the frontrunners in the Smart Grids development in the Asian region 
and has already conducted a number of pilot projects in which it tested Smart Grid 
deployment with the main goal of implementing a national Smart Grid by 2030. 

• Furthermore, specific best practices from several other countries, such as Chile, India and 
Japan, relevant for Viet Nam, will be outlined in this chapter of the report.  

• Finally, the report provides extensive information on network codes and interconnection 
standards in the EU, the US, Australia and Japan along with an overview of international 
standardization activities.  

 
The different regulatory approaches to aspects of Smart Grids are presented by country. This is 
motivated by the fact that the approaches themselves largely depend on a given country’s underlying 
historically developed architecture and principles of the electricity sector and that different policies, 
approaches and tools are largely interrelated. Furthermore, none of the countries outlined below has 
fully regulated all areas of Smart Grids. The focuses on specific applications and/or technologies are 
largely guided by individual countries’ underlying policies as well as the level of economic and 
technological development. To guide the reader through national policies, regulatory tools and technical 
standards, these have been referenced in a common matrix at the end of this Chapter.  

2.1. Overview of international good practice of regulation for RE grid 
integration 

In the following, the authors outline international policies and regulation regarding integration of large 
shares of vRES. The section includes best practices and most significant issues from international grid 
codes for connecting and integrating utility-scale as well as distributed renewable energy power 
systems with a focus on smart energy technologies. 

The European Union – RES regulation and their system and market integration 

RES policy 
In 2016, the European Commission communicated a number of EU-wide policy targets in its policy 
framework for climate energy. It is aimed to reduce carbon emissions by 40%, increase energy efficiency 
by 30%, and the share of RES in the European energy mix by at least 27% by 2030 [18]. The recently 
fully adopted Clean Energy for All Europeans, a package of EU regulations and directives, provides EU-
wide electricity market rules, targets for RES and energy efficiency (EE) and creates a broad and 
comprehensive regulatory framework, which, among others, includes multiple aspects of Smart Grids, 
as will be described below.  
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Market-based approach is one of the main pillars of the European electricity system development. 
Therefore, Clean Energy Package promotes market access and participation of RES, including small-scale 
and consumer-scale RES.  
 
To put things in context, the electricity sector in the countries of the European Union was liberalized as 
a result of the common rules for the internal market in electricity [19], whereby electricity generation 
and supply was unbundled from the regulated domain of system operation. This created new sector 
actors and responsibilities, transmission and distribution system operators (TSOs and DSOs), electricity 
suppliers, retailers, market traders and electricity generating companies. Progressive integration of 
smaller-scale generation and of the demand side has also seen the emergence of an aggregator role, a 
new market player that pools generation and/or load for joint participation in various electricity 
markets. In the liberalized market, all actors have a right to grid access. In the retail electricity market, 
consumers are entitled to a free choice of a retail supplier and may switch their supplier at any point. 
The main actors and the agreements among them are schematically shown in Figure 2.1. 
 

 
Figure 2.1. Overview of the main stakeholders in the European electricity sector and agreements among 
them. Regulated actors are marked in grey whereas the actors exposed to the competitive market are in 

orange (Adapted from [7]). 
 
The electricity market comprises both long-term and short-term for electricity trade. The latter have 
been coupled across multiple countries in the region through a single platform and steps are being made 
towards a single European Market for Electricity. According to the recent amendment of the EU 
Electricity Regulation, RES generators are allowed to participate in all marketplaces on par with other 
actors. Of particular relevance for RES operators are European intraday markets that allow them to trade 
close to real time and therefore adjust their schedules using an improved generation forecast. Most 
intraday markets are regional, spanning number of countries; the biggest and most liquid intraday 
market is the European Power Exchange (EPEX) offering both continuous trade and hourly and 15-
minute contracts.  
 
RES forecasting 
In the EU, market actors multiple trading opportunities for electricity, ranging from long-term bilateral 
contract, forward markets and short-term (day-ahead and intraday) markets. Participation in all the 
markets is voluntary and merit-order based. This implies that each participant is responsible for 
providing their own generation and consumption schedules. At the same time, all system actors are 
balancing-responsible, either directly or through an intermediary. Balancing responsible parties are 
obliged to keep their portfolios balanced in order to avoid system frequency deviations. Similarly, RES 
forecasting falls within their responsibility. BRPs are incentivized to minimize their RES forecast error 
since, in case of deviation from the submitted schedule, they incur imbalance costs. Common methods 
to avoid such deviations include portfolio optimization and trading on the intraday market close to real 
time when more accurate RES forecasts are available.   
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RES incentive mechanisms 
The crucial role and benefits of RES was highlighted by the European Union under the Directive 
2018/2001 on the promotion of the user of energy from renewable sources (EU Renewables Directive), 
which summarizes the benefits of greater RES penetration as follows:  

 
‘The increased use of energy from renewable sources also has a fundamental part to play in promoting the 
security of energy supply, sustainable energy at affordable prices, technological development and 
innovation as well as technological and industrial leadership while providing environmental, social and 
health benefits as well as major opportunities for employment and regional development, especially in rural 
and isolated areas, in regions or territories with low population density or undergoing partial 
deindustrialisation.’ [20]  
 
The Directive establishes a broad framework for the promotion of the RES, which should be adopted by 
the Member States. This regulation encompasses several aspects such as procedures for grid connection, 
support schemes, promotion of self-consumption, promotion of energy communities and consumer 
protection. Stable policies and regulation supporting RES are crucial in order to avoid direct impact on 
capital financing costs, on the costs of project development and therefore on the overall cost of RES 
deployment. 
 
In order to enable a large-scale integration of RES, the EU developed a number of measures, such as 
priority dispatch and financial incentives for RES investment. Priority dispatch implies that, regardless 
of the market outcome, RES are dispatched first before conventional generators meaning that which 
implies that in case of a congestion other generation types will be deregulated first before a RES 
generator is curtailed. Its primary goal is to promote green energy production and emission reduction 
targets. It was mandated by the previous version of the EU Renewable Energy Directive of 2009 [21]. 
However, priority dispatch that RES enjoyed so far is being reconsidered given their expansion levels 
and rapidly falling costs.  
 
The classical way to financially incentivize RES, similar to other regions, includes feed-in tariffs (FiT), 
whose exact duration period, remuneration levels and eligible technologies and sizes vary across EU 
member states. Under the Renewables Directive, the support schemes for electricity from RES shall 
provide incentives for their integration in the electricity market. This integration must be done in a 
market-based and market-responsive way. This implies avoidance of electricity market distortions, 
considering possible system integration costs and grid stability. Importantly, the Directive moves away 
from traditional RES FiT-based schemes.  
 
The Directive stipulates that support schemes shall be designed in a way to maximise the integration of 
electricity from RES into the electricity market and to ensure that renewable energy producers are 
responding to market price signals (Art.4). In this sense, for direct price support schemes, support shall 
be granted in the form of a market premium, which could be, among others, sliding or fixed. Additionally, 
it is possible to exempt small-scale installations and demonstration projects, without prejudice to the 
applicable Union law on the internal market for electricity and to establish mechanisms to ensure the 
regional diversification.  
 
The approaches to incentivizing RES are diverse among the countries of the EU. For instance, quota 
obligations, usually in combination with tradable green certificates, that impose a specific share of 
electricity produced from RES or consumed by specific sectors are used in Poland, Sweden as well as in 
the UK, Denmark and the Netherlands. Figure 2.2 further shows that many countries use a combination 
of several mechanisms. As RES technologies achieved grid parity, a number of EU countries additionally 
introduced more market-based ways to support RES at all network levels, e.g. market premiums and 
investment tax credits. Feed-in premiums under which the remuneration RES receive depends on the 
prices in the wholesale electricity market are, for instance, applied in Germany and Spain. Competition-
based mechanisms have been introduced in a number of EU countries for new RES development 
projects, meaning that support for electricity from RES is granted by means of a tendering procedure, 
e.g. in France, Italy, Denmark and, more recently, in Germany and Spain. In order to ensure a high project 
realisation rate, RES auctions must establish and publish non-discriminatory and transparent criteria to 
qualify and set clear dates and rules for delivery of the project as well as publish information about 
previous procedures, including project realisation rates. These procedures can be limited to specific 
technologies or be mixed. Germany and Spain started conducting their first auctions for utility-scale RES 



 

25 

projects in 2015-2017. The auction designs varied not only in their technology orientation, frequency of 
procurement and requested volume but also in success.  
 

 
Figure 2.2. Overview of the diverse approaches applicable in the countries of the EU to incentivize RES. 

 
Grid balancing and other ancillary services 
System balancing service for frequency regulation is mostly procured in market-based way in the 
national balancing markets. The Electricity Balancing Guideline, EU regulation adopted in 2017 
attempted to standardize balancing products and balancing market design across Europe but also to 
open it up to all types of technologies and providers [22]. The latest amendment of the EU Electricity 
Directive encourages technologies of all types and scales to participate in electricity markets, including 
the balancing market [23]. This implies that VRES can contribute to grid balancing.  Indeed, a few EU 
countries, e.g. Denmark and Austria, already prequalified wind generators for participation in the 
balancing market whereas in Germany special requirements for their prequalification were developed 
and participation is in the pilot phase till 2020 [24].  
 
Several cross-border cooperation programs in place in the EU that, among others, allow to reduce 
balancing volumes in neighbouring countries through so-called imbalance netting. Notably, the 
Electricity Balancing Guideline requires balancing energy to be procured in a common balancing market 
and the European TSOs submitted their proposal for the implementation of such a platform at the end 
of 2018 [25]. 
 
Compared to balancing, there is no specific requirement to procure other ancillary services in a market-
based way. Some ancillary services, such as congestion management, are mostly remunerated by the 
TSO, based on the providers’ costs, with few exceptions. Neither are there markets for other services 
such as voltage control or black start are mainly mandatory and are not remunerated. Approaches to 
alternative procurement of ancillary services have however been trialled in a number of EU 
demonstration projects (e.g. SmartNet [26]).  
 
Grid connection 
In Article 17, the Renewable Energy Directive emphasizes the importance of simple notification 
procedures for grid connection. Pursuant to this article, installations or aggregated RES production with 
a capacity of 10.8 kW or less shall be connected to the grid through notifying the DSO. The DSO may 
reject the requested grid connection or propose an alternative grid connection point. In the case of a 
positive decision, or in the absence of a decision within one month following the notification, the 
installation or aggregated production unit may be connected. A simple notification procedure may be 
allowed for installations or aggregated production units with an electrical capacity of above 10.8 kW and 
up to 50 kW.  
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Innovative solutions: Renewable energy communities 
EU Electricity Directive adopted in May 2019 as part of the Clean Energy for All Europeans Package 
promotes self-consumption [23]. Self-consumption, mainly from local renewable energy sources, does 
not only reduce stress on the grid on the higher voltage levels, it also allows to integrate RES more 
optimally as most RES production is consumer in situ. Furthermore, the EU has introduced an advanced 
scheme for local consumption, storage, sharing and sale of locally generated electricity through both 
renewable energy communities but also so-called citizen energy communities that can include a wider 
range of technologies and take on multiple tasks, including operation of their local distribution network  
[23].  
 
Renewables self-consumers and renewable energy communities (RECs) are addressed specifically 
under Article 21 and Article 22 in the Renewable Energy Directive as a viable way to promote RES. This 
update of the regulatory framework is particularly relevant from the point of view of RES integration: 
as more small-scale are distributed across the network, their variability can be easier mitigated. At the 
same time, if RES penetration is growing at the distribution level and is mostly consumer locally, this 
both reduces network stress and network losses.  
 
The Directive specifies that renewables self-consumers shall be entitled to generate renewable energy, 
including for their own consumption, store and sell their excess production, including through power 
purchase agreements (PPAs), electricity suppliers and peer-to-peer trading arrangements, to install and 
operate electricity storage systems without liability for any double charge, to maintain their rights and 
obligations as final consumers, to receive remuneration for the renewable electricity that they feed into 
the grid (Art. 21). In this sense, the Directive promotes renewables self-consumers by removing existing 
unjustified barriers. That enabling framework shall, among others, address accessibility for all final 
customers, access to finance, remove regulatory barriers, provide an incentive to building owners, and 
ensure that renewables self-consumers contribute in an adequate and balanced way to the overall cost 
sharing of the system. 
 
Article 22 mandates Member States to promote and facilitate a framework for the development of 
renewable energy communities (RECs). This framework shall ensure to remove unjustified regulatory 
and administrative barriers, in case RECs provide commercial energy services they must be subject to 
the provisions relevant for such activities. To facilitate energy transfers, DSOs must cooperate with these 
communities whereas the latter shall contribute in an adequate, fair and balanced way, to the overall 
cost sharing of the system, they shall not be subjected to discriminatory treatment with regard to their 
activities, rights and obligations, to be accessible to all consumers. Members States shall put in place 
proper tools to access to finance and information and provide regulatory and capacity building support, 
as well as, rules to secure the equal and non-discriminatory treatment of consumers. Notably, the 
Directive foresees local governance of such communities not driven by profit but rather by local 
economic and environmental benefits.   

Germany – RES integration and congestion management 

Germany is known worldwide for its concept of “Energiewende” or Energy Transition, a wide-ranging 
policy to promote systemic changes towards a more sustainable energy system through energy 
conservation, energy efficiency measures, massive integration of RES and “greening” of industry and 
transport. Underpinned by Energy Transition, Germany has created fertile conditions for a substantial 
expansion of installations from vRES. Throughout time, it has devised various financial incentives for 
RES deployment, transitioning from FiT regimes to currently applicable market premiums. Treatment 
and integration of renewables is guided in the Renewable Energies Act (EEG) as well as by the Electricity 
Industry Act (EnWG). 
 
RES incentives 
In 2012, the Renewable Energy Act was amended to shift from a FiT for RES in the direction of a market 
premiums, a more flexible subsidy linked to actual spot market prices, which determine the amount of 
the premium. Due to the fact that the renewables in Germany are entitled to priority access, large RES 
production caused the merit order effect pushing other technologies out of the market and producing 
negative market prices with a growing frequency. As a result of these events, the 2017 amendment of 
the EEG included a so-called “6-hour rule”, according to which RES operators were not entitled to the 
market premium in those situations where the period of negative wholesale market prices lasted more 
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than consecutive 6 hours (Art. 51 [27]).  This rule, however, does not apply to wind generators with less 
than 3 MW installed capacity or to other Res technologies with less than 500 kW of installed capacity 
(Art. 24(1) [27]).  
 
Grid balancing 
For system balancing, the German TSOs, similar to most EU countries, use a so-called balancing market, 
an organized country-wide auction, in which both generators and load can bid to provide upward or 
downward regulation in the form of standardized balancing products. Balancing products have been 
standardized on the EU level in the binding EU Guideline on Electricity Balancing [22], which 
furthermore specifically mandates market-based procurement of balancing services. 
 
Notably, in Germany, two additional products in the balancing market were designed to specifically 
involve industrial consumers. Pursuant to the Regulation on Interruptible Loads of 2017 [28], 
interruptible loads in industry (both individual ones or as part of a VPP) can participate in frequency 
control auction as “quickly interruptible loads” and “immediately interruptible loads”. The minimum bid 
size is 5 MW and high minimum availability throughout a week (min 30 hours) are the prerequisites for 
participation. It can therefore only be provided by industries with continuous processes, automated 
process control able to reduce their capacity within 15 minutes.  
 
Other ancillary services 
The German nuclear generation is planned to be decommissioned by 2022 whereas the multi-
stakeholder coal exit commission recently concluded that generation from coal should be phased out 
coal in Germany by 2038 [29]. These progressive changes make the issue of security of supply and 
further integration of RES ever more pressing. At the same time, massive integration of renewables 
creates new challenges, particularly for the German power network. One of the reasons for this was the 
decoupling between RES production and consumption areas: massive wind production is concentrated 
in the North of the country whereas the major consumption hubs are located in the South. This puts a 
great stress on the electricity transmission network and causing loop flows though the neighbouring 
countries. As a result, costs of congestion management have been growing steadily: in 2017 alone, the 
German TSOs spend about 1.5 billion Euro on measures to remedy congestion [30]. 
 
The German case is particularly interesting from the point of view of the country’s approaches to 
handling congestion, an area where it has accumulated a lot of experience in the last decade. To alleviate 
system congestion, system operators can intervene in the German power system in a number of ways: 

• Redispatch measures (Art. 13 of EnWG): Similar to other European countries, Germany uses 
redispatch measures to address congestions, which are ever more often provoked on the 
distribution network level whereas it is the TSOs legal responsibility to manage congestion 
in Europe. Up until recently these congestion situations were managed with the help of 
regulating big power plants either through cost-based or market-based mechanisms. In 
Germany, all units with a capacity of at least 50 MW, including storage units, can be called to 
provide redispatch with cost-based remuneration. 

• Grid reserve used mainly during winter months for redispatch measures (Energy Industry 
Act [31]). Those generators are included that are not currently deployed but are considered 
by the TSO as system-relevant and act as a back-up option in case those units already 
dispatched in the market are not sufficient. The TSO compensates their availability costs. 

• Feed-in management is a measure that is available to the TSO as a measure of last resort to 
avoid congestion as RES generators in Germany have priority dispatch according to the 
Renewables Energies Act (Art. 8.1). RES curtailment is only available in a critical network 
situation when all other measures have already been exhausted. In this case, vRES with an 
installed capacity of more than 30 kW for PV of over 100 kW for other RES can be curtailed 
(Renewable Energies Act 2017, Art. 9.2). According to the report of the German regulator, 
5518 GWh were curtailed in Germany in 2017, with wind generators being curtailed most 
often [32]. They can be either partially (at 60% or 30%) or completely curtailed. Article 12 
of the Renewable Energies Act further specifies foresees the compensation of RES 
generators that were curtailed as a result of feed-in management by the DSO. These costs 
are then covered through network tariffs 4 . Alternatively, a DSO and operator of a RES 

 
4 Note that network tariffs in the European countries are usually subdivided into a number of categories 
(connection tariff, grid usage tariff, grid losses tariffs, etc.) and is paid by both generators and consumer, 
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generator can have a bilateral agreement, according to which the generator can be 
voluntarily curtailed upon individually agreed upon remuneration.  

• Strategic reserve, i.e. reserve of capacity that cannot be decommissioned but used only in 
those situations where security of supply cannot be ensured otherwise (Energy Industry Act, 
Art 13). This mechanism is now open to all types of resources including storage and demand 
not active on the market.  

 
To enable curtailment, all generation above 100 kW is obliged to have a possibility to be remotely 
controlled for all technologies except for PV. The latter instead requires at least a radio control receiver 
for all installations between 30 kW and 100 kW (Renewable Energies Act 2017, Art. 9.2 [27]).  
 
Curtailment does not necessarily have to occur on the same network level as the one where congestion 
was detected in the first place (most often (over 80% of cases), congestion on the transmission level (ca. 
90% of all times) leads to curtailment on the distribution level [32]). In contrast, although conventional 
generation may also be curtailed as a result of a congestion (Art. 13 of the Electricity Industry Law 2005 
[31], no compensation is foreseen for such generators. Similar bilateral agreements are possible in the 
German context between the DSO and consumers.  
 
Recently, efforts have been made to improve coordination and cooperation among German TSOs and 
DSOs to improve congestion management. For instance, in the project “Connect+” the four German 
operators of the transmission network and 16 DSO will steer RES, storage and other devices for 

congestion management in a coordinated manner5. 
 
Other RES incentives 
There are other measures that can assist the integration of vRES implicitly. One of such measures is the 
encouragement of local generation from vRES at lower network levels and their local consumption. The 
latest amendment of the Renewable Energies provides for a so-called “direct sale” mechanism (Art. 3 
[27]), under which a consumer owning renewable generation can not only optimize own consumption 
from self-generated electricity. He or she can also sell this self-generated electricity locally without 
obtaining a supplier license. An important consequence of expansion of vRES on the distribution level 
as compared to the transmission level is that in this way more green energy can be consumed close to 
the source, which reduces both network losses and the stress on the transmission network. 

Spain – Remuneration of RES and new schemes for self-consumption  

RES incentives 
Regarding market integration of renewables, in the Spanish electricity market, RES installations enjoy a 
priority to access to the electricity grid. These facilities are eligible for two types of compensation during 
the regulatory period, in addition to the remuneration for the sale of the energy in the market, according 
to the Royal Decree 413/2014 [33]. The first one, the investment remuneration, is linked to the installed 
capacity to cover the investment cost, which otherwise cannot not be recovered through the sale of 
energy in the market. The second one, the operation remuneration, covers the difference between 
operating costs and income due the participation of the facility in the market. Once these facilities have 
exceeded their useful life during the regulatory period, they will no longer receive any type of 
compensation. Moreover, the regulation establishes the concept of reasonable profit to estimate the level 
investment remuneration. The average yield of the Spanish national 10-year bond is deemed to be the 
benchmark to determine the level of profitability of RES installations in the secondary market whereas 
their profit is defined as the profit before taxes [33].  
 
All Spanish utilities were further obliged to install smart meters for their small-scale customers (up to 
15 kW) by 2018, as per decision ITC/3860/2007. Their main functionalities are detailed in the Royal 
Decree 1110/2007, such as remote operation, reading and logging capabilities as well as load 
management. 
 

 
although in different proportions. The amount is dependent on the network level to which this or that 
generator or consumer is connected (the lower the network level, the higher the tariff).  
5 https://www.transnetbw.de/de/presse/presseinformationen/presseinformation/netzbetreiber-
starten-projekt-connect-zum-datenaustausch-fuer-redispatch 

https://www.transnetbw.de/de/presse/presseinformationen/presseinformation/netzbetreiber-starten-projekt-connect-zum-datenaustausch-fuer-redispatch
https://www.transnetbw.de/de/presse/presseinformationen/presseinformation/netzbetreiber-starten-projekt-connect-zum-datenaustausch-fuer-redispatch
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Innovative solutions for RES integration 
Spain is the first country in the EU that, following the adoption of the EU Clean Energy Package, 
developed an extensive regulation to promote self-consumption with its Royal Decree 244/2019 [34]. 
In this sense, it established two types self-consumption modalities: the first one is self-consumption 
without surpluses, whereby the consumer is not able to inject energy into the transmission or 
distribution network, and the second one is the self-consumption with surpluses, whereby the consumer 
is able to inject surplus energy into the network. Additionally, self-consumption can be classified as 
individual or collective depending on whether generation facilities are associated with one or more 
consumers producing electricity at their premises.  
 
Article 14 of the Decree on self-consumption established a simplified contract mechanism for self-
consumption with surpluses with compensation. This mechanism consists in balance in economic terms 
the energy consumed in the billing period. In case a consumer has a contract with a trader, the electricity 
price for energy consumed and supplied to the grid will be agreed upon bilaterally. In case a small 
consumer with a contract with a reference trader under the free market, the electricity price for the 
energy consumption is the current price under the free market and the price of the electricity injected 
to the grid, is the hourly average price. In either case, the price of the electricity injected to the grid will 
be higher than the electricity price of energy consumption [34]. 
 
Notably, in Article 17 the Decree exempts the energy injected into the grid under this mechanism from 
the grid connection tariffs. Additionally, it distinguishes between self-generated energy from RES and 
non-renewable sources. In case energy generated under the self-consumption scheme comes from 
renewable energy sources, the fixed charges for contracted power capacity will be billed based on the 
actually used capacity and the variable charges will be billed based on the hourly energy feed-in. 
Meanwhile, in the case that the electricity is generated from conventional fuels, fixed charges apply 
based on the total contracted capacity and the variable charges will be billed based upon the hourly 
energy feed-in [34]. 
 

India – National Wind-Solar Hybrid Policy 

RES incentives and innovative solutions 
India has established the National Wind-Solar Hybrid Policy to provide a framework for promotion of 
large grid connected wind-solar PV hybrid systems for optimal and efficient utilization of transmission 
infrastructure and land, as well as, reducing the variability in renewable power generation and increase 
grid stability. Under this policy, a wind-solar plant will be recognized as a hybrid plant if the rated power 
capacity of one resource is at least 25% of the rated power capacity of the other resource [35]. 
 
This approach might be interesting for Viet Nam, particularly for the areas with both high irradiation 
levels and wind power density, such as coastal areas. 
 
The electricity generated under this type of hybrid power plant can be kept for own use or sold to a third 
party or to an electricity distribution company at a tariff determined by the respective State Electricity 
Regulatory Commission or at a tariff determined through a transparent bidding process or to the 
distribution company at Average Power Purchase Cost under the Renewable energy certificate 
mechanism. Different parameters shall be considered for a transparent bidding process. In this sense, 
capacity delivered at grid interface point could be considered or effective capacity utilization factor and 
unit price of electricity. Government entities may invite bids for new hybrid plants keeping qualifying 
criteria mentioned above and the tariff being the main criteria for selection. Additionally, all fiscal and 
financial incentives available to wind and solar project shall be extended to hybrid projects [35]. 
 
According to the policy, no additional connectivity or transmission capacity charges shall be levied by 
the respective transmission entity for hybridisation at existing wind or PV plants in case that it is granted 
transmission capacity in the current connection point. Transmission charges may be applicable if 
additional transmission capacity or access is necessary for connection. In case capacity margins are 
available at the receiving transmission sub-station of the respective transmission entity, additional 
transmission capacity and access can be allowed subject to its technical feasibility. In such a case, any 
transmission grid expansion required up to the receiving transmission sub-station will be the 
responsibility of the project developer [35].  
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Battery storage may complement the hybrid system to reduce the variability of output power, to prove 
higher energy output at delivery point and to ensure availability of firm power for a specific period. 
Additionally, bidding factors for hybrid plants with battery storage may include minimum firm power 
output throughout a defined daily period, extent of variability allowed in output power, unit price of 
electricity, etc. 
 

Chile – Net metering and Non-Conventional Renewable Energies (ERNC) laws  

RES policy and incentives 
The high economic growth produces to double the electricity demand every 10 years in Chile. Most of 
the electricity produced in this country is mainly based in fossil fuels (especially coal and gas) at the 
same time pursues ambitious greenhouse gas emission reduction objectives. In this context, Chile has 
developed a regulation to support its objectives and address its challenges. 
 
The Law Non-Conventional Renewable Energies (ERNC law) obliges electricity generation companies 
with an installed capacity higher than 200 MW to produce and sell 10% of the energy from RES or 
hydropower plants with a capacity of 40 MW [36]. RES under this law include hydropower plants with 
a capacity lower than 20 MW and energy project driven, among others, by biomass, geothermal, solar, 
wind and tidal energy sources. The share of commercialized RES shall progressively grow to up to 10% 
in 2024. A company is subject to a penalty in the event of failure to fulfil this requirement. The funds 
generated under this scheme shall be destined to the final clients to the energy companies that managed 
to comply with the obligation thereby incentivizing competition. 
 
In parallel, the Net Metering Law grants the customer a right to produce and consume their own 
electricity and feed the surplus into the grid. Under this scheme, the electricity must be generated from 
RES or CHP plants. This law only applies to tariff-regulated customers whose connected power is below 
2 MW. The DSO must accept the electricity of their customers and to pay for it, in case grid expansion is 
needed to connect the unit, the corresponding costs are borne by the owner of the unit [37]. 
 
For residential customers and small businesses (power input < 10kW), the compensation of the feed-in 
of electricity considers only the price for the share of energy, which currently is about 8 €cents/kWh. 
Meanwhile, for commercial and industrial customers (10 kW- 2 MW), net metering is applied: these 
customers pay a separate capacity and energy price. Therefore the remuneration for electricity injected 
to the grid is equal to the exact energy price of about 8 €cents/kWh. The law provides a mechanism that 
does not involve direct payment for the electricity injected to the grid. The injected electricity shall be 
deducted from the monthly electricity bill. If a balance in favour of the customer remains, this surplus 
will be deducted from the next invoice, adjusted according to the consumer price index.  
 

2.2. Overview on international good practices of regulation for smart energy 
technologies deployment 

The aim of this section is to analyse international good practices of regulatory tools supporting the 
deployment of smart energy technology solutions, such as energy storage, smart metering and demand 
response. It further focuses on the improvements of energy efficiency and the modernization of the 
power system that could be applied in Viet Nam, e.g.  pathways, roadmaps or masterplans for smart 
technology rollouts from pilot projects to a system-wide application incentive mechanisms for DSM/DR 
or ancillary services provided by RE power plants or energy storage systems. 
 
Country review shows that Smart Grids is still a relatively new concept and the implementation of Smart 
Grids is, by and large, still in its infancy and often limited to pilot and demonstration projects. Among 
the countries or regions that made strides towards the deployment of solutions in the context of Smart 
Grids include the European Union in Europe, South Korea and Japan in Asia as well as the US and Canada 
in America. Other countries like India, China, and Brazil are actively investigating Smart Grid solutions. 
A few of the listed countries have engaged in the question of how various aspects of Smart Grids shall be 
regulated and of how regulation can keep up with the pace of innovation in the context of Smart Grids. 
There is no umbrella regulation governing Smart Grids. Main issues and approaches are mostly 
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formulated in the form of visions, action plans and roadmaps (e.g. EU ETIP SNET Vision 2050 [38]or EU 
national Smart Grids Roadmaps). Specific aspects, such as integration of RES, expansion of system 
flexibility and network operation requirements are generally formulated in separate regulations, 
decisions and network codes. 
 
As the shares of vRES rapidly increase, the need for system flexibility is bound to increase [39]. Another 
argument in favor of exploiting flexibility options lies in the fact that public acceptance in many countries 
makes it more difficult to pass more plans for building transmission lines.  
 
Most countries exploring the opportunities for Smart Grid deployment specifically address flexibility 
from distributed energy resources (DER) and virtual power plant (VPP) applications. Sources of 
flexibility range from small-scale battery storage, thermal storage such as boilers and heat pumps, 
industrial and commercial loads, and other heating and cooling technologies. Consumers’ smart home 
appliances coupled with advanced metering infrastructure (AMI) are yet another source of flexibility as 
they can enable demand-side management (DSM) or demand response (DR). This implies that a 
consumer can alter their consumption patterns guided either by the price signals or the needs of the 
grid.  
 
As part of a VPP, multiple components can be operated in a coordinated manner and help to compensate 
one another’s technical constraints but also to jointly achieve a volume needed to provide a service to 
the grid operator or to the market. Distribution-level flexibility thus serves the purpose of optimizing 
load profiles by modifying electricity usage, balancing supply and demand as well as facilitating 
progressive engagement of the demand side [40]. As part of a VPP, variable solar and wind generation 
or CHP plants can also provide a limited number of services in response to an incentive. The big 
difference in the distribution of benefits, however, lies in whether procurement of services from 
flexibility is mandatory, i.e. providers of flexibility are required to comply, or, alternatively, in a market-
driven manner, which could potentially activate value streams for a larger number of participants and 
create incentives for RES and flexibility operators to specifically cooperate with network operators.  
 
The use of grid tariffs and load control through remote means are some of the measures, which can be 
implemented to incentivize demand response (DR). DR is traditionally is subdivided into two types, 
price-based, i.e. when providers of DR are remunerated through specific tariffs (e.g. Time-of-use or real-
time pricing schemes), and incentive-based, i.e. relying on different ways of market-based procurement 
(e.g. emergency DR, ancillary services and capacity markets). Countries take very different approaches 
to incentivizing DR. For instance, most countries in the European Union use a mix price-based (also 
called “implicit DR” [41]) and incentive-based mechanisms (also called explicit DR) and are 
progressively integrating the demand side into electricity and ancillary services markets, similar to 
Australia and Japan. The latter type of DR implies aggregation for multiple loads and demand-side units, 
e.g. for grid support/ancillary services. One the main benefits expected from distribution-level flexibility 
is that of deferring or significantly reducing grid investments [6]. The various types of DR incentive 
mechanisms as well as DR providers are summarized in Figure 2.3. 
 
Aggregation is one of the key concepts linked to demand response and demand sides management 
(DSM) as it not only allows to provide larger volumes of flexibility but also to offset technical constraints 
of various technologies in the pool for a more reliable service. This also means that they are not limited 
to downward regulation, i.e. reducing demand, but also for upward regulation, expanding the system 
operator’s options for grid balancing. Similarly, vRES can be pooled together with distributed resources, 
mitigating RES variability and ultimately avoiding costly grid investments. The classical example of this 
approach is a combination of RES with storage, either electric or thermal, and is being actively 
investigated both in the EU and in the US.  
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Figure 2.3. Types of DR incentive mechanisms and DR providers (based on [42]). 

The European Union – Supply and demand-side system flexibility  

Relevant policy 
The EU adopted far-reaching policies to combat climate change, foster energy efficiency and a market 
approach to the electricity sector. It relies on a number of core Europe- wide principles:  

• progressive development of a pan-European electricity market [43] 

• greater cross-border interconnection [43], [44] 

• progressive phase-out of fossil-fuel generation under “just transition” (Art. 4, [43]) 

• promotion of decentralized or distributed generation [43] 

• level playing field for all technologies  [43] and  

• an equal treatment of supply and demand sides for provision of system flexibility and 

market participation [45]. 

 
According to these principles, the EU Electricity Regulation is specifically based on technology neutrality, 
i.e. different technologies should not obtain a preferential treatment or be exposed to additional barriers 
to participate in the market or provide a network service. Similarly, all flexibility options, including 
demand and storage shall be treated equally [43].  
 
To achieve its decarbonization and energy efficiency goals, the EU both encourages Smart Grid 
introduction in individual Member States (Electricity Directive, Preamble, 52 and 55 [23]) but also 
fosters Smart Grids development through targeted investment in Smart Grid technologies, funding large-
scale R&D and pilot projects as well as through creating an enabling regulatory framework.  
 
The overview of the communications of the European Commission and other documents describing the 
EU’s vision for the future reveals that the necessary policy foundation for the pan-European support for 
the provision of flexibility is being actively developed and promoted. In particular, this is observed in 
the efforts to include flexible resources as well as a wider array of actors in a new internal market design. 
EU policy documents discussing the current and future priorities of the European energy system largely 
center on three main areas. These include ensuring a secure and diverse energy supply, support and 
integration of RES in line with climate goals and a progressive creation of an integrated and competitive 
internal market. Smart energy technologies, in this respect, are viewed as crucial facilitators. The 
incentive to innovate and invest in both future technologies and services will be further facilitated 
through the creation of fully “open and competitive markets” [46]. 
 
ETIP SNET Vision 2050 
The European Commission and the Joint Research Center (JRC) called for new market frameworks and 
business models together with the promotion of R&D as prerequisites for successful future integration 
of DR and flexible generation options into Smart Grids [47]. This in 2016 led to the establishment of the 
European Technology and Innovation Platform Smart Networks for Energy Transition (ETIP SNET) that 
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issued its comprehensive Vision 2050 in June 2019. According to this document, in 2050, a holistic 
approach to system security of supply shall be applied across all energy systems with a focus on resilient 
operation, efficient control and optimal redundancy, to support systems’ operational reliability in cases 
of usual disturbances or deviations from planned energy consumption and planned energy infeed into 
the power grid [38].  
 
Additionally, digitalization is one of pillars of the Vision. It facilitates services and the full integration of 
all energy systems and:  
 

i. allows to several million households actively participate in real-time (automated demand 
response); 

ii. aggregates smart charging technologies for electric vehicles, stationary batteries, heat 
pumps and power-to-gas provides controllable electricity loads,  

iii. decentralizes control techniques and peer-to-peer electricity trade to allow local energy 
communities and their interconnection to the electricity system,  

iv. creates shared platforms facilitate data exchange and decision-making, thus enabling 
advanced planning, operation, protection, control and automation of the energy systems 
and  

v. supports optimized and interconnected services, providing real-time information to 
operators and aggregators as well as to users connected to any energy network  

 
The Vision expects the creation and new energy services and roles in the sector (for instance, energy 
communities and prosumers), both on global and local scales. Thereby electricity networks are 
envisioned to operate with very high penetration of power electronics and the associated monitoring 
and control equipment. They are dynamic and fully secured and coordinated at all voltage levels, with 
the participation of European consumers and prosumers, thanks to coordinated processes between 
network operators and market players. Variable frequency or zero-frequency (DC) electricity grids, 
interconnected with the main fixed frequency AC grid and combined through Flexible AC Transmission 
Systems (FACTS) for better control of system flows and more efficient network operation are developed 
thanks to increased deployment of power electronics at decreasing costs. Large quantities of electricity 
produced from renewable energy sources flows across Europe using HVAC grids, HVDC grids (including 
offshore grids) and hybrid AC/DC grids.  
 
The electricity system can handle reduced inertia by adapted monitoring and control equipment and 
new protection solutions with associated cyber-secure, fast data communication. A full system 
monitoring and control approach ensures system support as well as optimization of grid costs (for 
example in times of critical grid capacity use and voltage constraints) and consumer costs (or prosumer 
welfare), and provides win-win situations in terms of economic convenience, system resilience, 
robustness and sustainable contributions.  
 
Energy efficiency 
The revised Energy Efficiency Directive (Directive 2018/2002/EU) regulates EU-wide energy efficiency 
measures needed in order to counteract increased dependence on energy imports as well as the effects 
of climate change, safeguard security of supply and boost innovation and economic growth [45]. It is 
also one of the cornerstones of the European 2030 Strategy. One of the key improvements that the EU 
envisions to achieve with the help of the directive is an overall energy efficiency target of 32.5% of 
reduction of final energy consumption by 2030. In this context, energy saving obligations (Art. 7) of each 
Member State necessarily include end users as much as generators and suppliers (particularly through 
full access to information). The Directive puts emphasis on the empowerment of end users to allow a 
more efficient management of their demand (Article 12) and on the encouraging of distributed energy 
generation (Point 37 of the Preamble). 
  
Smart meters 
The fulfillment of obligations of the Energy Efficiency Directive requires a mass installation of smart 
meters (Art. 9, [45]). Indeed, Smart meters are seen as a crucial enabler and therefore the EU established 
a goal to accomplish smart meter rollout subject to an economic assessment, according to the Electricity 
Directive (Art. 19 and Annex II [23]). Under its provisions, at least 80% of all European households must 
be equipped with Smart Meters by 2024, for those countries whose economic assessment yielded 
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positive results and who commenced the rollout before 2019 and within 7 year after a positive 
assessment for the other Member States. 
 
Furthermore, Smart Meters are expected to “accurately reflect the final customer’s actual energy 
consumption and that provide information on actual time of use.” (Art. 9.1 [45]) and include not only the 
metering of electricity use but also a meter for the heating and cooling using district heating networks 
(Art. 9. 3). Such smart meters must be cost-efficient and “competitively priced” (Art. 9.1). 
 
DSM and DR 
In the Energy Efficiency Directive, demand response is explicitly recognized as a flexibility measure 
beneficial for various actors in the electricity system, including small end users and system operators 
(Point 44 of the Preamble). Incentive schemes for a wider deployment of demand response strategies, 
particularly in the context of implementation of smart grids, shall be put in place on the national level. 
Such schemes can include, among others, “dynamic pricing for demand response” without prioritizing 
supply side over consumer loads: The Directive explicitly foresees market-based integration of DR 
(although does not prohibit other means of DR engagement) but emphasizing that equal access to 
electricity markets shall be provided to resources on both supply and demand sides (Point 45 of the 
Preamble). 
 
Supply and demand side are thus to be treated equally when it comes to achieving higher energy 
efficiency and savings as well as participation in the system services markets. The structure of the 
national network regulation shall not be discriminatory of procurement of services from the demand 
side, in particular peak-shifting measures, demand response, use of resources at lower voltage levels 
and energy storage.  These measures allow cost savings and operation optimization for the grid and thus 
should be reflected in the tariff structures ([48]Annex XI, esp. a), b), d), f)). 
 
Smart energy technologies and ancillary services 
As discussed in Section 2.1, grid balancing is procured through organized balancing markets. Their main 
principles, as stipulated in the Electricity Regulation [43], Art. 6, include non-discriminatory access and 
participation and transparency of procurement. The Member States therefore must adjust their markets 
to allow participation of DR, storage and other smart energy technologies, taking their technical 
characteristics into account.  
 
In the European context, most developments in the area of Smart Grids are expected to occur at the 
distribution level. The progress of IT communication infrastructure enables bidirectional 
communication and energy flows [49]. Both technological developments and economic incentives are 
causing more generation, especially solar PV and storage (both electric and thermal) to be installed at 
the distribution level or connected behind the meter and consumers premises. Therefore, a prominent 
role in the EU has been attributed to individual DSOs [2] and a number of regulatory documents 
specifically encourage innovative grid solutions, ancillary service procurement and Smart Grids 
investments by the DSO. For this reason, the major grid investments are expected to occur on the 
distribution rather than on the transmission level of the grid [2]. Besides that, in the future flexible 
resources such as demand response or distributed storage systems will interact with both regulated and 
deregulated actors (see Figure 2.1). As in the European context, TSOs and DSOs are separate entities, 
their use of the same sources of flexibility for difference system services can potentially create conflict 
situations and call for a greater coordination and information exchange, yet this issue is out of the scope 
of this report.  
 
A number of European projects investigate the possibility of market-based procurement of ancillary 
services at the distribution level, such as voltage control and local congestion management (e.g. [26]) 
and a number of local flexibility-trading platforms have been set up to test these approaches (e.g. Enera 
project in Northern Germany and NODES flexibility platform). Yet, although such platforms are not 
explicitly prohibited, no specific regulation or standard rules have so far been developed.  
 
The European power network is highly meshed and interconnected, therefore massive production 
occurring in one country can potentially cause congestion in a neighboring countries. For this reason, 
the EU pays specific attention to cross-border capacity allocation and joint mechanisms for congestion 
management, summarized in the Network Code of Capacity Allocation and Congestion Management 



 

35 

[44]. Increased coordinated flows among neighboring countries is yet another tool used by the EU to 
integrated variable RES through cross-border exchanges.  
 
Incentives and network tariffs 
A new European market design requires greater flexibility both on the supply and demand side, which 
can be achieved by making price signals available to all market players “including flexible demand, 
energy service providers and renewables” as well as integration of storage [50]. The Commission clearly 
supports the competitive market-driven approach (as opposed to the mandatory provision) to flexible 
services[18], most important rules of which have been defined in the Clean energy for All Europeans 
Package in 2019.  
 
Notably, it is deemed necessary to provide equal access to consumers to the electricity market while the 
insulation of the retail market from the wholesale market through the regulated electricity prices creates 
a clear barrier for such integration and are counterproductive in the long term [18], [51]. As an 
alternative based on positive experience from the Nordic countries, dynamic pricing is deemed an 
appropriate manner to “reward flexible consumption” [51]. Aggregators and community schemes, in 
this context, are likewise seen as enablers of improved consumer participation. These initiatives, 
however, focus on providing consumers with access to new opportunities to reap the benefits of the 
changing system rather than compelling a more active role onto them. 
 
EU policy is set to further support flexible demand in general and demand response in particular as the 
tools to expedite integration of RES and enable consumer participation in the market. Their so far 
passive role can be in part explained by lack of information and incentives and, on the other hand, 
burdensome processes and network tariffs. 
 
Network tariffs represent an important incentive mechanism in the EU as these on average constitute a 
third of the household electricity bill [52](the other two parts consist of taxes and levies and the actual 
electricity consumed). These can often be too high to make DR viable for different consumer types. The 
Energy Efficiency Directive obliges the Member States to take measures to avoid excessive grid tariffs 
for demand response participants in order to facilitate their participation in the provision of ancillary 
services such as balancing (Art. 15.4).  
  
Network tariffs are not regulated on the EU level and their design remains the prerogative of individual 
Member States. Some of the ways used in the EU to incentivize network-supportive behavior include 
reduced tariffs or taxes, special tariffs for storage proving balancing, flexibility premiums or subsidies 
based on avoided CO2 emissions. 
 
For instance, Germany introduced the following incentives for network support: 

• End users with a high and intensive energy consumption can be achieve up to 80% 
reduction of their network costs through shifting their consumption to off-peak times 
(German Regulation for tariffs for access to electricity supply networks, Art 19(2)[53]); 

• Individual network charges for storage units (German Stromnetzentgeltverordnung, Art 
19(4), [53]): storage units only pay a network charge on an annual basis in accordance with 
their installed capacity and not actual feed-in or withdrawal volumes. In case the storage 
unit is also used in a system-supporting manner, it can additionally obtain a tariff reduction 
mentioned in the previous point;  

• Following the same regulation (Art. 18(1)), decentralized generation connected to the 
distribution network can apply for partial reimbursement of network tariffs from their DSO. 

• All consumers additionally pay a RES tax (EEG-Umlage, currently at ca. 7 €cent per kWh) to 
support RES financing in the country and spread the burden among as many parties as 
possible. Self-consumption is partially exempt from the RES tax, e.g. 40% of the tax is levied 
in case exclusively electricity from RES was used for self-consumption (Renewable Energy 
Act, Art. 61b [54]).  

 
In Sweden, large active customers are offered a reduced network tariff for load reduction – interruptible 
tariff: Swedish DSOs offer a reduced tariff to those end users who agree to reduce their load in network-
relevant time periods at the DSO’s request.  Swedish DSOs are allowed to individually determine tariff 
design within specified revenue limits [55]. Similarly, Austrian DSOs offer reduced tariffs to controllable 
loads. Loads, however, should only be disconnected in critical network situations [56]. Sweden further 
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exempts certain technology sources, such as biomass from the CO2 tax (Energy Taxation Act [57]). It also 
uses large industrial loads of over 10 MW as network reserve to manage congestion, constituting around 
25% of the network reserves (Government Regulation 2010: 2004 on Peak Load Reserve [58]). 
 
Germany further offers flexibility allowance to both new and existing biogas units within the framework 
of the Renewable Energies Act (Art. 50  [54]), who for a period of 10 years are eligible for a flexibility 
allowance calculated based on kW of installed capacity. 
 
Innovative solutions  
Customers owning and/or operating their own generation at their premises lead to the emergence of a 
so-called a prosumer trend whereby consumers down to individual households obtained an opportunity 
to self-generate electricity and use it for self-consumption. Multiple European studies (e.g. [6], [7], [40], 
[59]) affirm the crucial future role of “prosumers” or active customers, their future role of flexible end 
users and DER owners. Their empowerment is one of the cornerstones of the Smart Grid development 
in Europe. The significance of this trend is proven by the fact that the EU Electricity Directive [23] as 
well as the Renewable Energy Directive [20] actively promote self-generation, -consumption and 
storage by consumers but also their participation in all electricity marketplaces, either on their own or 
through an aggregator. These Directives additionally allowed shared generation, consumption and sale 
of locally produced electricity as part of so-called citizen energy communities [23] or renewable energy 
communities [20].  
 
EU market rules further allow and promote aggregation of different technologies in a single VPP for 
portfolio optimization and a more efficient service provision. Usually, such pooling of resources for 
market participation is carried out by an aggregator, whose role as a standalone market participant was 
introduced in the Clean Energy Package. The extent of an aggregator’s activities is rather open: it is not 
limited to demand-side resources alone, to a single marketplace or to a geographically limited area. The 
Energy Efficiency Directive sees an aggregator or a VPP operator necessary to facilitate demand service 
procurement and consumer participation (Arts. 2 and 15(8), [45]). 
 
Electricity storage 
Energy storage systems (ESS) are seen as a key element of the strategy to ensure a successful and secure 
integration of large shares of RES. For this reason, multiple EU and national research projects have been 
launched to explore the potential and scalability of storage. As options for further expansion or 
construction of traditional pumped storage hydropower plants are limited, both battery and thermal 
storage systems, such as heat pumps and electric boilers, but also more recently gas storage are tested 
at a time when traditional overcapacities in the EU are diminishing. As a result, the European 
Commission expects battery storage to become the most important medium for storing electricity ahead 
of the conventional plants and projects a significant increase of storage capacity in Europe up to 200 
GWh in 2023 [60]. 
 
Yet, it is only recently that storage systems have been addressed in the EU regulatory framework. The 
Clean Energy for All European Package places emphasis on promoting all sources of flexibility, including 
ESS [43]. The participation of all types of technologies, including storage systems, in electricity markets 
is encouraged. Notably, thanks to the improved market entry conditions, battery storage systems have 
been prequalified to participate in the balancing market for the provision of the fastest product, 
Frequency Containment Reserve (FCR).  Similarly, European TSOs shall consider the use of storage and 
of DR for redispatch, as a remedial action to alleviate congestion and received a financial compensation 
for this services (Art. 13(1) and Art. 13(7) [43]).  
 
On the other hand, due to the unbundling of system operation from generation of supply in Europe, the 
issue of parties allowed to operate storage has been a subject of subject of debate. Storage can be 
considered as a both generation and consumption unit depending on its operation mode. System 
operators are generally not allowed to own and operate generation, including storage (although some 
EU countries made exceptions) with the aim of avoiding potential market distortion. The recast of the 
Electricity Directive has settled the debate by explicitly stating that “Distribution system operators shall 
not own, develop, manage or operate energy storage facilities”, although NRAs can grant individual 
temporary derogations subject to special conditions (Art.36 [23]).  
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Electric vehicles  
In 2016, the European Commission published a European Strategy for Low-emission Mobility, in which 
it highlighted the importance of publicly available EV charging points, the use of renewable electricity 
for transport and customer awareness of the advances made about EVs, such as increased driving range, 
faster charging time and lower maintenance costs. The strategy also called on Member States to review 
their tax systems to introduce incentives for low-emissions vehicles and energy [61]. 
 
In May 2017, the Commission submitted Europe on the Move, a package of legislative and other mobility-
related measures aimed at making Europe a leader in clean, competitive and connected mobility. Some 
of the measures seek to limit CO2 emissions from new cars and vans (including giving incentives for low 
and/or zero-emission vehicles) and to stimulate the market uptake of clean vehicles in public 
procurement [62]. Moreover, the EU provides financial support to electric mobility, for instance, by 
making non-reimbursable grants from the Connecting Europe Facility (CEF) [63] and the structural and 
investment funds available for the development of charging infrastructure and the acquisition of electric 
buses. Projects focusing on research and innovation in electric mobility can obtain support from the EU's 
Horizon 2020 program [64] or the European Investment Bank. 
 
EU adopted the Alternative Fuels Infrastructure Directive in 2014 [65] introducing a minimum level of 
infrastructure for charging EVs. Additionally, it aims to make information about the location of charging 
points more easily available and to help standardize their technical specifications. It also recommends 
that recharging points use intelligent metering systems that recharge batteries from the electrical 
network at times of low general electricity demand, and that in the long term, recharging points would 
also allow EVs to feed power from the batteries back into the network. 
 
The 2018 Energy Performance of Buildings Directive [66] requires that at least one electric recharging 
point be fitted into all new non-residential buildings, and in existing buildings that are undergoing 
substantial renovation and have over 10 parking spaces. In addition, the directive requires that at least 
one in five parking spaces in these non-residential buildings be pre-equipped with conduits for electric 
cables that enable the installation of recharging points for EVs. In new and renovated residential 
buildings with more than 10 parking spaces, the directive requires only that every parking space have 
conduits for electric cables that enable the installation of recharging points for EVs.  
 
In parallel, local, regional and national authorities in EU Member States offer various incentives to 
encourage the purchase and use of EVs. Under these incentives, EV owners are often either fully 
exempted from paying the vehicle registration tax or pay a discounted rate (e.g. in Belgium). For 
instance, Germany exempts EVs from the annual circulation tax for a period of 10 years, starting from 
the date of their first registration. Austria exempts EVs from the consumption/pollution tax, ownership 
tax and company car tax. In Ireland, EV owners pay the minimum rate of the road tax. Purchase grants 
is a measure also widely spread. The amounts under these grants, the method of calculating them and 
the types of eligible vehicles vary greatly.  
 
Governments also support the installation of EV charging infrastructure. For instance, Estonia has 
helped to install a nationwide fast-charging EV network within its national electric car mobility system, 
ELMO, ensuring the presence of quick recharging points, 40-60 km apart, on all roads with dense traffic. 
All population centers with over 5 000 inhabitants are served. In Sweden, individuals who install a 
recharging point for an EV in their homes may get a tax reduction for the associated labor cost [67]. 
 
Microgrids 
There are no specific policies and regulations formulated for distributed generation and microgrid 
systems in the European Union. Three main directives address these topics: the Renewable Energy 
Directive and the Energy Efficiency Directive as well as the Electricity Directive mentioned earlier. Each 
EU member state transposes the mentioned directives following the particularities of their national 
energy policies and regulatory frameworks for the promotion and development of RES and microgrid 
systems.  
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Norway – Pioneering EV development through policy and incentives 

Norway is undoubtedly a pioneer in the development of electric mobility in Europe. The Norwegian 
success story is first and foremost due to a substantial package of incentives developed to promote zero-
emission vehicles in the market. The incentives have been gradually introduced since early 1990s to 
speed up the transition. The Norwegian Parliament has decided on a national goal that all new cars sold 
by 2025 should be zero-emission (electric or hydrogen). As of May 2018, there are 230 000 registered 
battery electric cars in Norway. Battery electric and plug-in hybrid vehicles together hold a 50 % market 
share.  
 
Since 2017 it has been up to the local governments to decide on the incentives regarding access to bus 
lanes and free municipal parking. The Parliament has agreed on implementing a 50% rule, which implies 
that counties and municipalities cannot charge more than 50% of the price for fossil fuel cars on ferries, 
public parking and toll roads [68].  
 
Electric vehicles should always be economically beneficial for consumers to choose zero and low-
emission cars. This is achieved with the help of «the polluter pays principle» in the car tax system. The 
purchase tax for all new cars is calculated by a combination of weight, CO2 and NOx emissions. The tax is 
progressive, making big cars with high emissions very expensive. For the last years, the purchase tax has 
been adjusted gradually to have more emphasis on emissions and less on weight. The VAT exemption 
for zero-emission vehicles has been approved by the EFTA Surveillance Authority (ESA) until the end of 
2020. After 2021 the incentives will be revised and adjusted parallel with the market development [68]. 
 
A well-organized charging network is in place. There is more than 10 000 publicly available charging 
points and more than 1 500 cars can fast-charge at the same time. Consumers are willing to pay a higher 
price for the service of fast charging. On average, it is three times higher than what they pay for electricity 
at home. In 2017, the Norwegian government launched a program to finance the establishment of at 
least two multi-standard fast charging stations every 50 km on all main roads in Norway [68]. 

South Korea – Roadmap for Smart Grid testing and deployment 

South Korea is a country scarce of finite resources such as fossil fuels and minerals. It is almost entirely 
depending on imported energy and has one of the highest levels of energy consumption among the OECD 
countries. Currently, Korea is importing 97% of its energy, which implies not only high costs but also a 
high energy dependency [69].  
 
Similar to Viet Nam, South Korea has been facing a steady demand increase and peak load, which triggers 
installation of additional capacity, which is, however, used only a few hours per year. Korean power 
energy mix is dominated by coal power, followed by generation from nuclear and gas [11]. Additionally, 
7 pumped hydro storage power plants are used to ensure system flexibility [70].  
 
Korea Electric Power Corporation, KEPCO, is the sole buyer of electricity and operates the country’s 
electricity grids. The electric power system has evolved very rapidly. During the last 40 years, generation 
capacity increased from 0.4 GW to 80 GW and the quality of electricity service improved dramatically 
[69]. Although, Korean electric power network has shown one of the best performances in terms of 
outage times transmission losses (lower than in Japan or in the US [70]), it showed some limitations. 
These include i) Korean power system is isolated requiring a high volume of generation facilities, ii) 
conventional power system facilities are too densely constructed, iii) environmental constrains increase 
the difficulty to find the sites for generation and transmission facilities and iv) the flat electricity price 
for industrial load does not provide a sufficient incentive for demand management during peak load 
periods [69]. These limitations have a direct impact in the infrastructure development, for instance, the 
construction of the transmission line in Miryang was suspended because of public opposition [70].  
 
Smart Grids policy and roadmap 
The development of Smart Grids in Korea has become one of the cornerstones of the Korean energy 
policy. In this sense, 26 trillion Korean won (ca. 22.5 billion $) are planned to be invested to develop this 
topic until 2030. The Smart Grid Project in Korea was initiated as part of the Low Carbon Green Growth 
Policy with the ultimate ambitious goal to develop the world’s first nationwide Smart Grid System. At 
the top level, the Presidential Committee on Green Growth coordinates and evaluates the Smart Grid 
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policies of various ministries. Among these ministries, Ministry of Trade, Industry and Energy (MOTIE) 
is the major authority seeing over the Smart Grid Project that supervises organizations such as the Korea 
Smart Grid Institute, the Korea Smart Grid Association, and Korea Institute of Energy Technology 
Evaluation and Planning. Furthermore, KEPCO entered strategic partnerships with international 
companies, e.g. in order to develop advanced standardized ICT infrastructure and RES management 
systems (with IBM) and EV charging infrastructure (with Hyundai Motors) [71].  
 
The government established the National Smart Grid Road Map of Korea as early as January 2010 [70]. 
The Smart Grid Promotion Act was legislated in May 2011 to overcome the limits of conventional law 
and to promote Smart Grid activities. In accordance with the Act, the First Five-Year Master Plan for 
Smart Grid, was established in July 2012 which classifies Smart Grids into five major areas: Smart Power 
Grid, Smart Consumer, Smart Transportation, Smart Renewable, and Smart Electricity Service [71]. The 
implementation of the nationwide Smart Grid is envisaged proceed in several stages: Smart Grid Test-
bed in Jeju island (2010–2013), Smart Grid Hub Cities (2013–2016), Wide-Area Smart Grid (until 2020) 
and Nationwide Smart Grid with 100% AMI (until 2030). 
 
The introduction of competition in the electricity sector through market liberalization is the critical 
move that is expected to resolve two of the major roadblocks standing in the way of Korea's greening of 
its electricity power system. The first roadblock has been the state's subsidization of electricity prices 
(through capping price increases), which did not only lead to substantial increases in consumption but 
has burdened KEPCO with increasing levels of debt. The second hurdle is KEPCO's maintenance of a 
virtual monopoly over the generation, distribution, transmission and retail segments of the electricity 
industry (followed stalled attempts to introduce full competition in the early 2000s). While private 
companies are allowed to participate in the generation of electricity and are responsible for the majority 
of renewable energy generation in Korea, they have a mere 5% share of total electricity generation [72].  
 
DSM and storage systems 
As part of the measures within the Smart Grids Roadmap, the government has been focusing on demand 
side management (DSM), since the social cost of supplying power has been increasing. DSM is further 
seen as an opportunity to create new markets, e.g. for energy efficiency products and new job 
opportunities. The demand management is to a large extent based on the usage of ICT and dependent 
on the reforms of the electricity pricing system.  
 
Energy Storage Systems (ESS), in particular distributed battery storage are yet another area of priority 
for the South Korean government. The expectation is that ESS will lead to a more efficient integration of 
a greater share of RES, offsetting their natural fluctuations and optimizing consumption. The 
government plans to install 500 kWh of ESS and KEPCO intends to install an additional 1 000 kWh [69]. 
To become successful, two points are critical according to Korean experts. Firstly, ESS needs to be 
incorporated into the Renewable Portfolio Standard (RPS) system so that it becomes compulsory for 
companies to implement ESS in their operations. Secondly, ESS must be classified as emergency 
generators. To encourage the use of ESS, MOTIE offers various financial incentives, especially for small-
and mid-sized companies to install the systems whereas all net public buildings are obliged to be 
equipped with ESS starting from 2017 [69]. 

 
Smart energy technologies and microgrids 
Located on the southernmost tip of the Korean Peninsula, Jeju is the largest island in South Korea. The 
sunny and windy climate makes the island an ideal location to test the concept of distributed energy 
generation and micro-grids and is the location of Korea’s Smart Grid test bed. By 2030, the island is 
expected to become carbon-neutral and fully sustainable through the use of renewable energy and an 
open service platform developed by the main Korean telecom company, KT (Figure 2.4). The aim is to 
optimize energy usage by utilizing new and renewable energy sources and energy storage facilities. The 
smart grid will collect real-time data on energy usage and demand, increasing the efficiency of energy 
consumption [73]. 
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Figure 2.4. Design of an Open Service Platform developed by the major Korean telecom company, KT, in 

order to support smart grid services [73] 
 
Successful operation of the smart grid will require secure and interoperable ICT infrastructure and 
platforms to support new services, such as DR, building energy management and power retail. With 
regard to smart meter rollouts, KEPCO intends to install about 24 million of smart meters by 2024. 
Demand response will enable utilities companies to curtail the consumption of energy by home and 
business users during times of peak demand, by controlling the use of electricity and appliances at 
customer premises and rewarding them through price discounts and other incentives. Building energy 
management services will provide real-time energy monitoring and control tools to end-users 
themselves. Power retail will give consumers choice of electricity rates, allow them to sell renewable 
energy back to the grid, and implement a real-time pricing system nationwide.  
 

Japan – Smart energy technologies and Microgrids for power system 
reliability 

In June 2009, the Ministry of Economy, Trade and Industry (METI) started to finance two-thirds of a 
$108.9m budget to perform 10 remote island microgrid demonstrations. In addition to government-
sponsored projects, to increase the interest of the companies on renewable sources and distributed 
power to improve electricity reliability, especially following the earthquake and nuclear disaster of 
March 2011 [74]. The Ministry of Energy further initiated a new program to encourage domestic low-
carbon emission microgrid development by funding independent demonstration projects that would 
incorporate EVs for mobility and storage, renewable energy production and storage systems, and energy 
efficiency measures.  
 
Additionally, four Smart Community demonstration projects have been conducted in the period between 
2010 and 2014, testing energy management systems, PV, storage and vehicle-to-grid (V2G) technologies 
in order to provide DR for congestion management and frequency control and to automate control of 
flexible units [74]. For instance, different designs of DR programs were tested to assess the potential 
demand reduction through monetary and non-monetary incentives. The former included time of use 
(ToU), critical peak pricing (CPP) and real-time pricing (RTP) schemes combined with such measures as 
display of electricity price, recommendation to reduce load and/or automated control. On average, ca. 
20% of demand reduction could be achieved through a combination of these measures. At the same time, 
the projects showed that reduction volumes were not necessarily proportionate to price levels [74]. 
Thanks to these projects, know-how was collected on multiple battery aggregation with the help of a 
SCADA system and a V2G guideline for charge-discharge system from EVs was issued [74]. 
 
After earthquake and tsunami, the city of Higashi Matsushima turned to the Japanese government’s 
National Resilience Program, with $33.32 billion per year. Nearly 40 000 cities chose to build microgrids 
and decentralized renewable power generation to create a self-sustaining system, which will be able to 
produce 25% of its electricity without the need of the region’s local power utility [75]. The objective of 
the resilience program is to build an independent microgrids which can provide power capacity the 
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wide-scale power outages caused due to natural disasters and to reduce the dependencies of 
municipalities on large-scale power plants.  
 
The partnership between PanaHome, ENERES, IBJ Leasing, and the government of Hyogo prefecture 
unveiled a plan on September 2017 of installing and integrating 117 home solar PV-battery system to 
create energy microgrid community in a new area of Ashiya City [76]. The project was selected as part 
of the METI subsidy program to promote local energy production for local consumption. According to 
the partners, 80% or more of the smart housing district’s energy will be generated by residential and 
commercial solar PV systems and stored and dispatched according to residential, community, and 
eventually, broader regional power grid needs and conditions.  
 
According to the project each single user is provided with a PV panel, ESS and a home energy 
management system (HEMS), which are monitored with the help of a global energy management system 
of the operator. The project uses private distribution grid infrastructure, therefore achieving reduced 
electricity rates and allows electricity sharing among participants, reducing the need to procure 
electricity externally. In case of the failure of the main grid, the microgrid can be successfully 
disconnected and continue to operate thanks to the storage facilities on site with the rate of self-
sufficiency of up to 80% [76]. The project additionally trials VPP control of all distributed units and DR 
through an aggregator, as illustrated in Figure 2.5.  
 

 
Figure 2.5. Design of the VPP concept piloted in the Ashiya Microgrid project [76]. 

 

The United States – Initiatives for Smart Grids and smart technologies 

As much as the EU energy policy is driven by sustainable development goals and the fulfilment of RES 
targets, the US policy in the area of Smart Grids is centered around the need for greater grid and system 
reliability, flexibility but also resilience, e.g. in the face of natural disasters and cybersecurity issues. 
 
As an important premise, energy policy and legislation is not limited to the federal level. Similar to other 
aspects of governance, individual policies and laws are approved and implemented at the state level and 
therefore their validity is confined to that specific state. As a result, the organization of US energy sector, 
including Smart Grids, and its regulation diverges widely across American states.  
 
On the federal level, US Department of Energy (DOE) and specifically the Office of Electricity are the main 
decision-making bodies in the energy sector. Smart Grids-related aspects and technologies have been 
addressed in a number of legal documents. For instance, the 2005 Energy Policy Act highlighted smart 
metering under a special section. Many states launched pilot programs to include DR and advanced 
metering infrastructure (AMI), following the establishment of the Act.  
 
 
Smart Grids policy 
Energy Independence and Security Act (EISA) of 2007 is the most important American legislative act 
addressing the deployment of Smart Grids as a solution to such challenges as reduction of grid losses 
and modernization of the aging grid infrastructure (Section 1301). EISA, among others, facilitates the 
development of Smart Grids and promotes the following goals:  
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• Improvement of reliability, efficiency and security of the grid through digitalization and 
technology,  

• remote control of smart technologies for distribution automation, grid operation and 
metering,  

• optimization of the operation and resources ensuring cybersecurity, 
• promotion of technologies and programs in the areas of DSM, energy-efficiency and DR,  
• removal of barriers for Smart Grid technologies and services,  
• development of standards for communications, equipment and infrastructure,  
• higher integration of consumer devices and appliances,  
• integration of distributed energy resources (DER),  
• provision of timely information to customers  
• deployment of technologies to reduce the peak demand, including ESS. (Section 1304  [77]). 

 
EISA dedicates a separate section to the topic of Smart Grids (Sections 1301-1309 [77]). It establishes a 
dedicated Smart Grid Advisory Committee and Smart Grids Task Force (Section 1303). The former is 
tasked with advising the Secretary of the Office of Electricity on the smart grids technologies, 
standardization, interoperability protocols but also appropriate incentive mechanisms to support Smart 
Grid development. It is also supposed to guide the research efforts of the National Institute of Standards 
and Technology (NIST). In turn, the main task of NIST is to develop appropriate standards and protocols 
for the smart management of the grid and associated components and technologies. Smart Grids Task 
Force is, among others, is obliged to submit a biannual reports on the status of Smart Grids deployment, 
to coordinate among stakeholders and Federal offices and to raise awareness about Smart Grid-related 
activities (Section 1302 [77]). 
 
EISA’s Smart Grid Regional Demonstration Initiative in order to demonstrate the deployment and 
integration of the above and their commercialization, including federal financial assistance for 
demonstration projects. Additionally, Section 1306 foresees the reimbursement of 20% of a Smart Grid 
project costs from the Federal Matching Fund. The Smart Grid Investment Grant Program (SGIG) 
program is established by the EISA of 2007, Section 1306, as amended by the Recovery Act. Its aim is to 
accelerate the modernization of the electricity transmission and distribution systems, as well as 
encourage investments in technologies and solutions to increase flexibility, functionality, 
interoperability, cybersecurity, situational awareness, and operational efficiency with a total program 
budget amounting to $8 billion. 
 
Another important federal program promoted by the DOE is the Smart Grid Demonstration Program 
(SGDP) meant to deploy Smart Grids and ESS. These projects are cooperative agreements amended to 
demonstrate how emerging Smart Grid concepts can be applied and integrated to prove technical, 
operational, and business model feasibility. The aim is to demonstrate new and more cost-effective 
Smart Grid technologies and measures.  
 
Demand response 
Specific attention has been paid to the development of DR programs as means of decreasing pressure on 
the current energy infrastructure. In March 2011, the Federal Energy Regulatory Commission (FERC) 
stablished a market-based demand response compensation rule for centrally organized electricity 
markets, as well as published annual series of DR assessment reports [78]. In July 2011, the Federal 
Energy Regulatory Commission's (FERC) and the DOE jointly submitted to Congress a required 
“Implementation Proposal for the National Action Plan on Demand Response”. Additionally, DOE 
provided a large boost to demand response through the American Recovery and Reinvestment Act’s $4 
billion of federal funds from DOE in the Smart Grid Investment Grant and Smart Grid Demonstration 
programs. Many of the Recovery Act projects involved deployment of enabling technologies and 
customer information/feedback systems to facilitate demand response [78]. 
 
The most widely used incentive scheme for the integration of local renewables in the US states is so 
called net metering, which allows not only large but also smaller commercial and residential consumers 
to get remunerated for the surplus energy they produce at their premises at a fixed tariff. The way net 
metering is implemented, however, varies considerably from state to state, for instance, in the maximum 
eligible capacity or the type of eligible technologies. For example, in California, small wind and solar 
generators, fuel cells and biogas units with installed capacity not exceeding 1 MW are eligible for the Net 
Energy Metering program, pursuant to the Assembly Bill (AB) 327 of 2016. Such generation-owning 
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consumers receive a benefit in the form of a so-called net surplus compensation, which is calculated 
based on a 12-month average electricity market price (AB 327). The Bill further deemed PV systems 
with small-scale ESS not exceeding 10 kW eligible for the program.  
 
Electric vehicles at the US Federal level 
There are many federal initiatives promoting EVs in the US. Tax rebates were available for consumers 
buying EVs prior to 2011. Under ARRA, the EV Project, a collaboration between ECOtality, Nissan, and 
Chevrolet, was awarded a grant of $100m for deploying 14 000 chargers in 18 US cities, which it 
completed in 2013. Businesses that purchased and installed EV charging stations between January 1, 
2015 and December 31, 2016 are eligible for a tax credit of 30% of the qualifying costs.  
 
The total cumulative sales of EVs reached 540 000 as of December 2016. In the first half of 2017, around 
90 302 EVs were sold in the US. As of 2018, there were more than 16 000 publicly accessible charging 
stations, as compared to 500 in 2008. To increase the EV fleet, the Office of Federal Sustainability invited 
state, county, and municipal government fleets to join forces with federal agencies to maximize their 
collective buying power, and aggregate their EV and charging infrastructure purchases. 
 
Energy efficiency and integration of vRES 
Similar to the European Union case, state governments formulated and adopted different policies aimed 
at diversifying the mix of generation sources with a greater percentage of renewable energy and 
distributed energy resources, reducing the carbon intensity of the sector, and increasing the use of vRES 
and more localized generation units. Some of the main policies and incentives contributing to RES 
development and microgrid promotion are the Interconnection Standards for Small Generators in Force 
from 2005 [79]. 
 
The number of renewable energy installations across states varies widely, reflecting individual state or 
regional priorities. A brief description some most important state policies contributing in the 
development of renewable energies and promotion of microgrids includes: 
▪ The Energy Policy Act of 2005 (EPAct) is a national US policy that mandates to enhance and 

extend possible coordination and communication among Federal agencies. The act promotes 

dependable, affordable and environmentally friendly production and distribution of energy for 

the future. To achieve this, the act takes major steps to strengthen the energy infrastructure, 

promote energy efficiency, expand the use of renewable energy, and boost the domestic 

production of conventional fuels [80]. 

▪ Energy Efficiency Resource Standard (EERS) is a mechanism to encourage efficient generation, 

transmission and use of electricity. EERS requires utilities to reduce energy use by a specified 

and increasing percentage or amount each year. EERS policies require that utilities improve the 

efficiency of their own processes and distribution systems, as well as offer demand-side 

management programs and incentives that encourage end-user electricity savings [81]. 

US California – Coordination of transmission and distribution operations and 
demand response programs 

Unlike most US states, the Californian energy mix is characterized by high shares of RES (both large 
hydro and distributed renewable generation), which is driven by the state’s ambitious decarbonization 
policies. The state aims to achieve the target of 33% of generation from RES by 2020 and of 50% by 
2030, without considering large hydro-powered plants, as part of the California Renewables Portfolio 
Standard program (Executive Order S-21-09 [82]). 
 
Smart Grid policy 
The Californian electricity sector has been liberalized and the organized electricity market is operated 
by the Californian Independent System Operator (CAISO). In 2010, CAISO drafted the California Smart 
Grids Roadmap for the period between 2011 and 2021 that is aimed at improving grid efficiency and 
reliability, diversifying the technological mix, enabling market participation of RES and ensuring system 
security, including cybersecurity. 
 
Californian Public Utilities Commission (CPUC) is the main decision-making body on the state level 
guiding the deployment of Smart Grids. Currently, the state government is preparing legislation and 
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respective procedures to facilitate the integration of high volumes of DER in the power grid for system 
flexibility. This implies a closer coordination of operation of transmission and distribution networks in 
order to maintain reliable operation of their respective systems. Such coordination must take place in 
relation to the T-D interfaces, the substations that make up the boundary between the transmission 
network operated by CAISO and the distribution systems operated by the distribution utilities or 
distribution operators [83]. 
 
System integration of DER 
The integration of new DER aggregations into the ISO market should be done, without adverse impacts 
on system operation. This should be accomplished in two phases. For the near term, with small numbers 
of new aggregated DER, distribution network operators (DSO) are expected to pilot processes to 
communicate advisory information on current system conditions to DER providers, so that the providers 
can modify their ISO market bids accordingly. Additionally, the ISO should initiate processes that 
provide day-ahead DER schedules to the DSO, for the DSO to pilot performing a feasibility assessment to 
identify schedules that may create significant distribution system reliability or performance issues.  
 
In the longer term, CAISO is expected to make available real-time dispatch instructions to the DSO for 
feasibility assessment in conjunction with new DSO technical capabilities such as DER Management 
Systems. Additionally, the DER provider should communicate constraints concerning its resources’ 
performance to CAISO. This could be in the form of updated market bids for market intervals where bid 
submission is still open, or outage notifications for intervals where dispatch instructions have already 
been issued and there is no subsequent bidding opportunity. The DSOs should establish an agreement 
with the DER provider regarding DER aggregations. The DSO will typically have an interconnection 
agreement with an individual DER on its system. Multiple DERs can be aggregated into a VPP for ISO 
market participation.  
 
Demand response 
Concerning DR programs, Californian utilities established different programs to support demand 
response, particularly for businesses. For instance, according to the Base Interruptible Program where 
the utility companies pay the participants to reduce the electric load to a level pre-selected by the 
customer, which should be below average maximum demand. There is a minimum curtailment 
commitment of 100 kW, or 15% of the monthly average peak demand and penalties apply when 
customers fail to reduce their load. As part of a Capacity Bidding Program, utility companies receive a 
monthly incentive to reduce their energy use by a pre-determined amount. Failure to produce a 
reduction during an event result in reduction of the incentives and possible penalties can be applied. 
Another DR program, Automated Demand Response Program, uses communication and control 
technology to implement the pre-programmed load reductions from the customer. Some utilities have 
additionally tested demand-side bidding approaches and auction mechanisms.  
 
Despite of all the initiatives, the success of DR remains marginal. The report about the status of demand 
response in the US released by the FERC in December 2017 concluded that in the US organized wholesale 
markets, demand response was called on to meet merely 5.7% of peak demand in 2016. This constitutes 
an approximate decrease of 10% from the 6.6% compared to 2015 whereas peak demand has increased 
by approximately 16%. This situation reduces the ability of DR to provide the expected impact into the 
system [84]. 
 
Electric vehicles  
The state government launched the Zero Emission Vehicle (ZEV) program to reduce the amount of 
emissions produced by vehicles, which currently account for most of California’s GHG emissions [85]. 
During 2011–2016, the cumulative total sales of EVs in California reached 257 937, representing around 
50% of US-wide EV sales. 
 
California is considering a variety of incentives to encourage the purchase and the use of hybrid (HEVs) 
and plug-in electric (PEVs) vehicles. Some of the incentives undertaken by the state are tax credits, free 
parking, use of high-occupancy vehicle (HOV) lanes, rebate on purchase of alternative fuel vehicle, and 
insurance discounts. Some of the incentives will expire once 200 000 qualified PEVs have been sold by 
each automotive manufacturer. 
 
Some local laws and regulations undertaken by the state government to promote the use of EVs are: 
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• Clean Vehicle Rebate Project: Offers rebates for the purchase or lease of qualified vehicles. In 
September 2016, the program received an influx of an additional $133m. For individuals 
with low and moderate household incomes of less than or equal to 300% of the federal 
poverty level, rebates are increased by $1 500, for a total rebate amount of up to $6 500. 
Beginning November 1, 2016, rebates were increased by $2 000 for qualifying households6. 

• Vehicle acquisition requirements: Enforces several provisions and programs to reduce 
petroleum consumption and transportation emissions. Each city must reduce GHG 
emissions by at least 4% by 2017 and by at least 15% by 2021.  

• Promotion initiatives: expediting the permit and installation processes for charging outlets; 
providing incentives for employers and other organizations who install charging 
infrastructure at the workplace and other parking facilities; developing standard regulations 
governing PEV infrastructure across the region; and establishing programs to purchase 
PEVs for use by city and state employees  

• Infrastructure requirements: Newly constructed buildings in Los Angeles must provide the 
necessary hardware for PEV charging. According to the 2014 Green building code of Los 
Angeles, the parking area of new high-rise residential and non-residential buildings must 
include PEV charging outlets in at least 5% of the total parking spaces.  

 

2.3. Overview of international good practice of technical standards for smart 
energy technologies 

This subsection identifies existing and upcoming technical standards, codes and rules issued by 
international bodies like IEC, IEEE, ISO, DIN, VDE that should be adopted for a rapid deployment of the 
distributed energy resources including smart energy technologies (e.g. for ICT/SCADA infrastructure, 
cyber security, AMI, SCADA, generation/transmission/distribution operation).  
 
It provides a comprehensive overview of good practices on the international level, which may be of 
international technical standards relevant for Viet Nam. with a focus on the interoperability for the 
communication and electrical architecture and give an overview of the relevant standardization 
activities that are currently in progress for smart energy technologies. This includes documents like IEC 
Smart Grid Standardisation Roadmap and specific IEC Technical Committees, Smart Grid Mandate 
M/490, DKE – German Smart Grid Standardisation Roadmap as well as related IEEE activities. 

2.3.1. Relevant network codes 

Relevant grid codes and standards from Europe, U.S and Australia are presented and the key technical 
requirements are documented. The focus is on standards and requirements for renewable energy 
resources and the specific grid interfacing technologies (like inverters).  

• European Network Codes 
o Network Code on Requirements for Generators (RFG) in Europe: COMMISSION 

REGULATION (EU) 2016/631 of 14 April 2016 establishing a network code on 
requirements for grid connection of generators 

o Network Code on High Voltage DC: Commission Regulation (EU) 2016/1447 of 26 
August 2016 establishing a network code on requirements for grid connection of 
high voltage direct current systems and direct current-connected power park 
modules 

o Network Code on Demand Connection (DCC): Commission Regulation (EU) 
2016/1388 of 17 August 2016 establishing a Network Code on Demand Connection  

 

• IEEE 1547 (Standard for Interconnecting Distributed Resources with Electric Power 
Systems) (USA and North America)  

• Grid Connection of Energy Systems via Inverters - AS/NZS 4777 (Australia),  
• Grid interconnection Code - JEAC 9701 (Japan). 

 
6 https://cleanvehiclerebate.org/eng 

https://cleanvehiclerebate.org/eng
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European Union network codes  

Background 
Until 2016 the connection of generators and specifically Distributed Energy Resources (DER) to the 
distribution and transmission systems in Europe has been almost exclusively covered by national 
regulations in form of country specific grid codes, standards, guidelines, laws, etc. This fact not only 
created a difficult environment for project developers, manufactures and other stakeholders involved in 
the development of DER, who had to deal with requirements established at different legal and 
administrative levels, specific product settings and complex and time-consuming certification schemes 
for each country/market. 

Moreover, with the massive increase of the share of DER and Renewables in the overall generation mix, 
the lack of coordination of individual requirements, incompatible settings and other issues has even 
created a considerable risk of losing system security during wide-scale events due to undefined or 
inappropriate behaviour of DER. In addition, some critical incidents in the European power system 
(including UCTE system split in 2006 and others) demonstrated the urgency of the situation. 

Already in 2009, the European Commission (EC) identified the strong need for increased coordination of 
the framework conditions of the European energy market. As part of the implementation of the so called 
“Third energy package”7, which came into force on 3 September 2009, the development of European 
“Network Codes” (NCs) was initiated in order to establish a harmonised set of rules for the operation of 
the gas and electricity sector in Europe. In detail, the Regulation (EC) 714/2009 prescribed the creation 
of EU-wide Network Codes. 

Network codes aim at ensuring security of supply, facilitating the decarbonisation of the energy sector 
and ultimately create a competitive, pan-European market. These codes, once published, have the same 
status as a European Regulation and thus become legally binding. For this purpose, the European Agency 
for the Cooperation of Energy Regulators (ACER) issued an official mandate to ENTSO-E (European 
Network of Electricity TSOs) to setup a transparent process, involving ACER, ENTSO-E & market 
participants. 

The main objective of the Regulation (EC) 714/2009 was to achieve greater harmonization, improved 
coordination and cross-border electricity exchange on the European level (Art. 1) as well as to enable 
DR. As mentioned, the development of the EU Network Codes lay within the competence of the European 
Network of Transmission System Operators for Electricity, ENTSO-E, and is based on the Framework 
Guidelines as elaborated by ACER (Arts. 5 and 6, [86]). The Network Codes represent a compilation of 
rules whose overarching objective is to lay groundwork for a stable, secure and reliable electricity 
system and integrated competitive markets. These Network Codes are subdivided into Connection 
Network Codes (including generators and demand-side connection), Market Network Codes and  
Operational Network Codes. EU Network Codes are legally binding for all Member States and overrule 
national codes to exclude national deviations.  
 
The Network Code which is most relevant in the context of this report is the so called “Network Code on 
Requirements for Generators (NC RfG)” which was published as EU Regulation 2016/631 in April 2016. 
In addition, also the Network Code on Demand Connection (NC DCC) and the Network Code on High 
Voltage Direct Current Connections (NC HVDC) may be applicable to certain aspects.  
 

Network code on requirements for grid connection of generators (NC RFG) 
The main aim of the NC RfG is to establish legally binding EU wide harmonization of grid interconnection 
requirements in order to ensure and increase the system security with a growing share of RES and 
variable generation and avoid future regret and costly retrofits to ensure security of supply. 
 
In addition, it has been recognised that connection requirements for new DERs will have a fundamental 
impact on the future operation of the overall power system. Therefore, the aspect of making new units 
“future-proof” by defining appropriate capabilities to be delivered based on relevant scenarios was one 
of the key objectives.  

 

 
7 https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation/third-energy-
package  

https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation/third-energy-package
https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation/third-energy-package
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Since coming into force 2019, the NC RfG is applicable to all generators > 0.8 kW, based on a proportional 
approach from smallest generation, which has to meet basic requirements to ensure system stability up 
to the largest plants, which have to take over extended responsibility.  
 
Furthermore, the NC RfG’s approach aims to balance European wide harmonized settings as well as to 
consider regional specifics. 
 
Generally, the requirements of the NC RfG are applied for new generators in order to ensure system 
security in a changing environment, accommodate evolution in the generation portfolio and eventually 
to reduce costs through standardization. The application of the requirements for existing generators 
(retrofit) is foreseen provided it is technically justifiable, the benefits demonstrated by Cost Benefit 
Analysis and last but not least approved by National Regulatory Authority (NRA). 
 
Differentiation of generators by type 
One of the main principles introduced in the RfG is the differentiation of Power Generating Facilities into 
4 types, depending on the transmission grid region (synchronous area), its generation capacity and 
voltage level at the connection point. The main purpose of this classification is to allow a systematic and 
consistent definition of the requirements and also to allow cross referencing in other NCs. 

 

 

Figure 2.6.  Standardized definition of generator types and associated capabilities in the NC RfG. 

 
Depending on their type, the generators will have to meet basic up to extended requirements to ensure 
wide area system stability and security of supply under normal (non-disturbed) as well as disturbed 
conditions: 

• Type A generators (connection below 110 kV and maximum capacity is 0.8 kW or more) have to meet 
basic level requirements, necessary to ensure stable operation over extended frequency range. Only 
limited automated response and minimal system operator control of generation is required. 

• Type B (connection below 110 kV and its maximum capacity is at or above a defined threshold) 
requirements provide a wider level of automated dynamic response. The aim is to enable higher 
resilience to operational events, appropriate dynamic response and a higher of level system operator 
control. 

• Type C generators (connection below 110 kV and its maximum capacity is at or above a defined 
threshold) shall provide a stable and highly controllable (real time) dynamic response to provide 
balancing services to ensure security of supply. The requirements cover all operational network 
conditions and detailed specification of the functions, controls and information exchange to utilise 
these capabilities. They ensure real time system response necessary to avoid, manage and respond 
to system events.  

• Type D (connection at 110 kV or above or above a defined threshold) requirements cover a wide area 
of control and range of operation. They ensure specific needs for higher voltage networks and their 
operation and stability over wide areas, allowing the use of ancillary services from generation Europe 
wide. For this reason, the requirements apply also for large generation connected at a lower voltage, 
but above a given capacity threshold. 

The maximum capacity thresholds for the generator types to be set by the national regulatory authority 
is defined in the NC RfG are listed in the table below. National authorities can set lower thresholds taking 

into account the local conditions.  
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Table 2.1 maximum capacity thresholds for type B, C and D power generating modules 

 Limit for maximum capacity threshold from which on a Power generating module is of 

Synchronous Area type B type C type D 

Continental Europe 1 MW 50 MW 75 MW 

Great Britain 1 MW 50 MW 75 MW 

Nordic 1.5 MW 10 MW 30 MW 

Ireland and Northern 
Ireland  

0.1 MW 5 MW 10 MW 

Baltic 0.5 MW 10 MW 15 MW 

 
Technology-neutral approach 
The requirements in the RfG are provided following a technology-neutral approach i.e. regardless of the 
primary energy source (wind, PV, thermal …) used for the conversion into electricity. Instead the 
capability requirements distinguish depending on the type of generator (synchronous or static converter 
based).  

Accordingly, three categories of requirements are distinguished: 

1. general requirements (applied regardless of the type of connection),  

2. specific requirements for synchronously connected generators, and  

3. specific requirements for non-synchronously connected generators (so called Power Park 

Modules). 

 
Overview of system aspects and requirements addressed by the RfG 
As described, the requirements for grid connection outlined in the NC RfG are defined based on 
generator type, where Type A generators must meet basic requirements and B, C and D gradually need 
to fulfil more complex requirements.  
An overview of the requirements and the system aspect addressed by them, is given below each 
generator type. 
 

Table 2.2 Overview of system aspects and requirements addressed by the RfG 

System aspect Requirement A B C D 

Frequency stability Operating frequency ranges X X X 

RoCoF withstand capability X X X 

Limited Frequency Sensitive Mode - overfrequency X X X 

Constant active power output regardless of changes in 
Frequency 

X X X 

Limitation of power reduction at underfrequency X X X 

Automatic connection X X X 

Remote ON/OFF X X 
 

Active power reduction remote control 
 

X 
 

Additional requirements related to frequency control 
  

X 

Provision of synthetic inertia 
  

X 

Robustness of power 
generating modules 

Fault-ride-through 
 

X X 

Post-fault active power recovery 
 

X X 

System restoration Coordinated reconnection 
 

X X 

General system 
management 

Control schemes and settings 
 

X X 

Electrical protection and control schemes and settings 
 

X X 

Priority ranking of protection and control 
 

X X 

Information exchange 
 

X X 
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System aspect Requirement A B C D 

Additional requirements to monitoring 
  

X 

Voltage stability Reactive power capability 
 

X X 

Fast reacting reactive power injection 
 

X X 

Additional requirements for reactive power capability and 
control modes 

  
X 

 

One of the fundamental principles of the NC RfG is to balance European-wide system needs and local 
specifics. For this purpose, a distinction is made between “exhaustive” requirements defined 
exhaustively at European level, aiming at a full harmonization, and “non-exhaustive” requirements 
where further specifications and details are to be defined at national/regional level.  
• Exhaustive Requirements define capabilities of generators by function or principle and by specified 

parameters. No further specifications are to be made on (usually) national level. Such requirements 
are thus exhaustively specified by this network code.  

• Non-exhaustive Requirements only define basic capabilities, without further specification of 
parameters and/or settings. Instead the parameters and/or settings have to be detailed on the 
national level, mainly to take into account national or regional system characteristics to finally 
become “exhaustive”.  

 
In addition, there are also “non-mandatory” requirements, where it is subject of the national bodies to 
introduce obligatory rules. 
 
Only a minor part of the requirements is exhaustively defined in the NC RfG. These include mainly 
requirements related to frequency ranges, frequency withstand capability and voltage ranges. 
The large majority of the requirements laid down in the NC RfG can be classified as non-exhaustive. In 
most cases, this relates to the fact that similar requirements already exist in the countries, but with 
different parameters and/or settings. Typical examples are e.g. FRT, data exchange, etc. 
 
During the implementation phase until 2019, the national regulatory authorities of all member countries 
exhaustively specified these requirements in their national implementation documents, laws, codes or 
standards.  
 
National implementation of the EU NC RfG in European Union member countries 
As the local situation, deployment of different generation technologies and types, practises and 
requirements in the countries differ significantly, also the considerations to define the capacity thresholds 
vary widely. 

Table 2.3 below presents the requirements in selected EU countries. 

Table 2.3 capacity thresholds for type B, C and D power generating modules in selected European 
countries 

Country Actual capacity threshold from which on a 
Power generating module is of 

 
type B type C type D 

RfG definition for Continental Europe 1 MW 

(maximum) 

50 MW 

(maximum) 

75 MW 

(maximum) 

Austria  250 kW 35 MW 50 MW 

Belgium  1 MW 25 MW 75 MW 

Germany  135 kW 36 MW 45 MW 

Denmark  125 kW 3 MW 25 MW 

France  1 MW 18 MW 75 MW 

The Netherlands 1 MW 50 MW 60 MW 

Spain  100 kW 5 MW 50 MW 

Italy  11,08 kW 6 MW 10 MW 
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As seen in the table, particularly the A/B thresholds that will be applied differ considerably: While e.g. the 
NC RfG allows for up to 1 MW, central European countries and Spain set the threshold in the 100 kW to 
250 kW range. France, Belgium and the Netherlands opted to stick with the NC limit of 1 MW.  

Great Britain and Ireland/Northern Ireland will follow the maximum capacity thresholds as defined in 
the NC RfG. 

The currently proposed A/B threshold of Italy can be seen as “outlier” as it was basically derived from the 
current thresholds defined by the current Italian standards. In detail, the A/B threshold of 11.08 kW 
represents the value reported in the CEI 0-21 for the voltage disturbances immunity (Low Voltage Ride 
Through curve) requirement.  

For the type B/C thresholds which will result in additional requirements, particularly related to the 
integration into system control, a similar picture can be seen. National thresholds range from 3 MW up to 
50 MW. 

RfG establishes B/C generating modules have to assure frequency and voltage stability. Italian standards 
introduce these requirements in case of 10 MVA and higher power-generating modules.  

Overall, the diversity of the requirements clearly reflects the large variation related to the significance of 
certain generator capacity ranges in the EU countries. 

 
Selected Non-exhaustive requirements 
In the following subsections, national definitions for selected non-exhaustive requirements are 
summarised. Since these requirements may have an impact on the design, dimensioning and selection of 
generators and components, they are of high relevance for vendors as well as project developers. 

The following national requirements for selected non-exhaustive NC RfG requirements are being 
presented here: 

• Rate Of Change Of Frequency (ROCOF) withstand capability: NC RfG Art 13.1(b) 

• Limited Frequency Sensitive Mode – Over frequency (LFSM-O) NC RfG Art. 13.2 (a-g) 

• Reactive Power Ranges for Type B PPM NC RfG Art. 20.2 (a) 

• Fault Ride Through (FRT) NC RfG Art. 14.3 (a-b) and Fast fault current injection for Type B PPM NC 
RfG Art. 20.2 (b-c) 

For the analysis and comparison, the focus is laid on Type B Power Park Modules (PPM), as they will be 
of major relevance from both, the market point of view and the significance in terms of new generation 
capacity to be added in the near future. 

 

Rate of Change of Frequency (ROCOF) withstand capability requirements 
One of the main new specifications introduced with the NC RfG is the requirement for generators to 
withstand frequency variations. According to the NC, Article 13.1(b) “a power-generating module shall 
be capable of staying connected to the network and operate at rates of change of frequency up to a value 
specified by the relevant TSO, unless disconnection was triggered by rate-of-change-of-frequency-type 
loss of mains protection. The relevant system operator, in coordination with the relevant TSO, shall 
specify this Rate-Of-Change-Of-Frequency-type loss of mains protection.” 

In summary, most of the continental European countries opted for a minimum of 2 Hz/s measured over 
a period of 500 ms. In GB and Ireland, lower values will be required. 

 

    

RfG definition for Great Britain 1 MW 50 MW 75 MW 

United Kingdom  1 MW 10 MW 50 MW 

    

RfG definition for Ireland and Northern Ireland 100 kW 5 MW 10 MW 

Ireland  100 kW 5 MW 10 MW 
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Limited Frequency Sensitive Mode – Over frequency (LFSM-O) 
Related to overall system and frequency stability, the NC RfG requires generators to reduce their output 
power if the frequency exceeds a certain threshold (“Limited Frequency Sensitive Mode – Overfrequency 
(LFSM-O)”). The response characteristic has to be defined by the relevant national TSO/authority through 
the following parameters: 

- Frequency threshold in Hz 

- P/f droop setting in % 

In addition, the national authority may specify additional requirements related to the delay and 
operational characteristics. This requirement will be applied to all generators under the NC RfG, 
independently of their capacity. 

Except Italy, all continental European countries will apply a 5% droop (equal to a power reduction of 
40%/Hz). The frequency threshold, from which the LFSM-O will be activated is uniformly set to 50.2 Hz 
except for the UK, where the threshold is set at 50.4 Hz. For most of the countries, these requirements 
have already been established in current codes and standards. 

 

Reactive Power capabilities 
Related to voltage stability, the NC RfG defines requirements for the reactive power capabilities of 
generators. These capabilities have to be provided by all generators from type B upwards upon 
specification from the relevant TSO/national authority.  

Related to the reactive power capabilities of type B PPMs, the requirements in the individual countries 
show significant differences, particularly related to the reactive power and voltage ranges. In most cases, 
these reflect the currently existing practises to include (distributed) generators in the local voltage 
management. 

 

Fault Ride Through (FRT) and Fast fault current injection 
To ensure robustness of generators during disturbances and faults, the NC RfG requires all generators of 
type B to provide FRT capabilities. This also includes the provision of fast fault current (symmetrical as 
well as unsymmetrical) at the connection point during a voltage deviation. In addition, the generator also 
needs to provide “post-fault active power recovery”. The detailed specifications for FRT (given as voltage-
time profile at the connection point), fast fault current injection as well as post-fault active power 
recovery have to be provided by the relevant TSO. 

The FRT requirement is given as lower limit of a voltage-against-time profile of the voltage at the 
connection point (Figure 2.7), where a generator must be capable to remain connected to the grid. The 
shape of the profile is given through four voltage/time parameters as indicated in detail, Uret is the 
retained voltage during a fault, tclear is the instant when the fault has been cleared. Urec1/trec1,2 and Urec2/trec3 
define lower limits during recovery of the voltage after clearance of the fault. 

 
Figure 2.7. Definition of FRT (Under voltage ride through) curve in the NC RfG 

 

For FRT, the national requirements vary in the range which is given in the NC RfG. Major differences are 
to be noted for the recovery of the voltage after the clearance of the fault, where the requirements vary 
from 1.5 to 3.0 s. 

Besides FRT, also the details for the provision of fast fault current have to be defined in the national 
requirements.  
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Related to the fast fault current injection capability, the NC RfG only provides a basic definition. The 
detailed implementation has to be specified on the national level. Accordingly, the current documents 
also show a broad variety, particularly related to the level of detail. While in some countries, detailed 
specifications for the implementation are provided, others only provide a basic definition. 
 

Network Code on Demand Connection (NC DCC) 
NC DCC outlines requirements for demand facilities and both transmission and distribution levels and 
distribution facilities, which are capable of providing demand response services. Pursuant to Article 27 
such services include active and reactive power control, transmission constraint management and 
frequency control. The Code further sets as one of its goals an improved integration of RES into the 
electricity system ([87], Art. 1). Article 3(2b) excludes storage facilities from the scope of the Code and 
does not treat them as a demand facility. Neither does it apply to pumped storage hydropower plants 
whereas “any pumping module within a pump-storage station that only provides pumping mode shall be 
subject to the requirements of this Regulation and shall be treated as a demand facility” ([87], Art. 5 ). 
 

Network Code on High Voltage DC Connection (NC HVDC) 
 
The Network Code on High Voltage Direct Current Connections (HVDC) (Commission Regulation (EU) 
2016/1447 of 26 August 2016) specifies requirements for long distance direct current (DC) connections. 
These are used to link offshore wind parks to mainland or to connect countries over long distances. 
 
In detail, the following configurations are covered under the NC HVDC 

• HVDC connections between synchronous zones or between control areas inside the same 

synchronous zone 

• HVDC connections embedded within one control area, if connected at AC transmission 

voltage 

• HVDC connections to offshore and onshore Power Park Modules 

• HVDC connected Power Park Modules (AC collected) 

• Back to Back HVDC 

• Single and radial Multi-terminal HVDC connection types  

 
HVDC interconnections are a relatively new area in which fewer standards or grid codes exist. The NC 
HVDC will be important to fully utilize the benefits of HVDC interconnection from a pan-European 
perspective.  Together with the Network Code on Requirements for Generators and the Demand 
Connection Code, the NC HVDC aims at creating a consistent and complete set of connection codes. 

Overview of European connection standards 

Besides the national codes and specifications, also the related European standards were reviewed and 
adapted to be compatible with the provisions of the NC RfG.  

For this purpose, the relevant CENELEC CLC/TC8X (System aspects of electrical energy supply) WG3 
(Requirements for connection of generators to distribution networks) together with ENTSO-E has taken 
the necessary decisions to update the following documents: 

- EN 50438 [88] (Requirements for micro-generating plants to be connected in parallel with public 
low-voltage distribution networks) will be discontinued and the non-overlapping requirements are 
to be merged into EN 50549. 

- EN 50549-1 [89] (Requirements for generating plants to be connected in parallel with distribution 
networks - Part 1: Connection to a LV distribution network – Generating plants up to and including 
Type B (formerly CLC/TS 50549-1:2015 Requirements for generating plants to be connected in 
parallel with distribution networks - Part 1: Connection to a LV distribution network above 16 A) has 
been revised and will be published as EN with new title. 

- EN 50549-2 [90] (Requirements for generating plants to be connected in parallel with distribution 
networks - Part 2: Connection to a MV distribution network – Generating plants up to and including 
Type B (formerly CLC/TS 50549-2:2015 Requirements for generating plants to be connected in 
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parallel with distribution networks - Part 2: Connection to a MV distribution network) has been 
revised and will be published as EN with new title. 

- EN 50549-10 (Requirements for generating plants to be connected in parallel with distribution 
networks -Part 10: Tests demonstrating compliance of units) is currently under development and 
expected to be voted in early 2019. 

 
New revision to EN 50549 series of European Standards 
The new EN 50549 series of standards published in 2019 has a close relationship with the NC RfG and at 
the same time reflects the current technical market needs. The latter is of high relevance for product 
vendors, since the requirements given in the NC RfG typically do not provide enough detail to implement 
a certain function in a product. As such, the EN 50549 goes beyond the scope of RfG, including definitions 
for all capabilities of generators for operation in parallel to distribution grids. 

The EN 50549 will be applicable for type A and B generating modules, thus representing the mass market 
for small and medium scale power generators, where standardized requirements and compliance 
verification are of high relevance for vendors, system integrators, project developers as well as the 
distribution system operators. 

In addition, the EN 50549 also intends to “to serve as a technical reference for the definition of national 
requirements where the RfG European Network Code requirements allow flexible implementation”. 
However, as the NC RfG does not foresee the support of harmonized standards, support for EN 50549 will 
depend upon the national implementation of NC RfG.  

 

U.S. codes and interconnection standards  

IEEE 1547 (Standard for Interconnecting Distributed Resources with Electric Power 
Systems) 
 
Since 2003, the IEEE 1547 [91] has been the main standard for DER interconnection in the USA. First 
published in 2003, the IEEE defines the requirements for the PCC respectively the local interface of the 
DER to the grid. 
 
IEEE 1547-2003 was developed by the IEEE Standard Coordination Committee 21 (SCC21) as the 
primary standard for interconnection in North America. Since then, most U.S. states have adopted IEEE 
1547, along with a handful of relevant standards and codes, as the legal requirement for interconnecting 
DERs to electric distribution systems owned and operated by electric utilities (Area Electric Power 
Systems or EPS).  
 
The requirements of the initial 2003 edition were developed based on a “low penetration” of DER and 
RES, as the common consensus at this time was not that DER would play a significant, system relevant 
role in the power generation. Furthermore, also taking into account the limited experience with large 
penetrations and capacities of DG at that time, the 2003 edition was fundamentally based on a 
“disconnect at the first sign of trouble” approach, requiring DG to disconnect from the grid during even 
minimal disturbances.  
 
Following the massive deployment of DER, triggered by cost-reductions and favorable support policies, 
stakeholders realized that the initial approach under the “low-penetration scenario” would not be 
feasible any longer without putting power system and grid operation under critical pressure. Therefore, 
the decision was taken to change the basic assumptions and significantly revise the standard to 
accommodate the growth of DERs and RES in the power system. 
 
Beginning in 2013, efforts were started to revise the IEEE 1547-2003. The first amendment IEEE 1547a 
was published in 2014. In contrast to the 2003 edition, the 1547s now amended specific requirements 
for capabilities for DER to remain connected during grid disturbances (voltage ride-through, frequency 
ride-through) and also allowed DER to provide active voltage support at the PCC. 
In following, the document was fully revised and eventually published in 2018 as IEEE 1547-2018. In 
addition, the 2018 standard also covers other important system criteria such as the point of connection 
(PoC), which may be a significant distance from the PCC.  
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In detail, the IEEE 1547-2018 now requires DERs to remain connected to the grid over a much wider 
range of voltage and frequency levels for much longer intervals than was previously permitted, effectively 
allowing voltage and frequency ride-through. IEEE 1547 now also requires DERs to assist with grid 
voltage and frequency regulation and mitigate power fluctuations through limiting ramp rates. 

The 2018 edition of IEEE 1547 also for the first time introduced performance categories, which define 
DER operational responses to support the grid based on local and farther-reaching grid requirements and 
DER. 

 

Figure 2.8.  Application of IEEE 1547-2018 performance categories [92] 
 

As described in [92], category A and B relate to the settings for voltage regulation (Volt-Var and Volt-Watt 
functions), which support the grid during normal conditions using the technical capabilities of smart 
inverters. The base capabilities and settings defined under category A are required for all DER, while 
Category B settings and functions are relevant under a coordinated wide area regulation system. 

Categories I, II, and III relate to the response of the DER to abnormal situations, specifically voltage and 
frequency ride-through capabilities. Similar to the categories A and B, category I meets essential bulk 
system needs and applies to all DER. Category II provides for all bulk system stability/reliability needs, 
avoids disconnection of the DER for a wider range of disturbances. Category III provides the widest range 
of capabilities, addressing distribution system reliability and power-quality needs under a very high DER 
penetration scenario. Category III could be applicable, for example, to certain grids such as microgrids 
and islands (e.g., the Hawaiian Islands) that may see more voltage and frequency disturbances. 

 

Californian Rule 21 
Parallel to the work on revising the IEEE 1547, the State of California, which has currently the highest 
variable RES penetration of all mainland United States, defined additional rules to integrate DER and RES. 
Led by the California Public Utilities Commission, electric utilities and industry stakeholders collaborated 
to update the so called Electric Rule 21 [93], [94]. In the first phase of the process comprehensive 
requirements for inverter-based DERs to support the grid in various ways were introduced as indicated 
in table below.  

For the current phase 2, DER communication protocols are currently being implemented in the Rule 21. 
After that, the phase 3 is proposed, which will possibly add further advanced grid support functions, 
direct utility control via communication as well as monitoring requirements. 

In response to both Rule 21 and the IEEE 1547 updates, the UL 1741 [95] – the main test standard which 
provides the base for the certification of inverter based DERs – has been substantially amended in 
September 2016 to be able to certify advanced grid support functions. The UL1741 supplement SA [96] 
now includes a comprehensive set of test procedures to verify the compliance of DER inverters with the 
requirements for advanced grid support defined in the CA Rule 21. 

Comparison of the requirements in U.S. standards and state rules 
The table below gives and overview of the individual requirements and specifications for the grid support 
functions in the IEEE 1547-2018 and the phases defined in the Californian Rule 21. 
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In addition, test specifications and certification requirements defined in UL 1741 SA are shown for 
comparison. 

Table 2.4 required grid support functions in IEEE 1547-2018], CA RULE 21 and UL 1741 SA 

Function IEEE 1547-
2018 

 CA Rule 21 
Phase 1 

CA Rule 21 
Phase 3* 

UL 1741 SA 

Operational frequency range X  X X X 

Ramp rate control      

Communication interface X     

Remote trip/disconnect X   X  

Remote control of P X   X  

Monitor key DER data X   X  

P(f) at over frequency  X   X Optional 

Q/cosφ range X  X* X X 

Cosφ(P) X     

Q(U) X  X X X 

P(U) X    Optional 

Remote control of Q X     

Voltage Ride Through X  X X X 

Frequency ride through X  X X X 

RoCoF ride through X     

Voltage phase angle jump 
ride through 

X     

Anti-Islanding detection X  X X X 

Remote configuration X  X X  

Enter service X  X X  

Remarks   * fixed power 
factor 

  

Australian codes and standards 

In Australia and New Zealand, the interconnection of inverter based distributed generators is specified 
by the AS/NZS 4777 series of standards: 

• Part 1 [97] defines requirements for the installation of the system 

• Part 2 [98] defines requirements for the inverter 

Since their first publication in 2005, the two documents formed the base to connect inverter-based 
generation systems to the distribution grids in Australia and New Zealand. 
 
Similar as e.g. in the U.S.A. the first editions of the standards, dating from 2005, were based on a low-
penetration scenario where DER did not play any significant role in the national power system. 
However, since then the deployment of DER, mostly small-scale residential roof-top Solar PV has been 
massive, so also in Australia, the standards underwent fundamental changes in the mid-2010s.  
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The 2015 editions of AS/NSZ 4777 now also include basic requirements related to advanced grid 
support functions of state-of-the-art inverters as well as extended protection functions are included. 
However, compared to the situation in Europe or the U.S., there are currently significant gaps, 
specifically related to the capabilities of DER to ride through voltage or frequency disturbances. 
These gaps in requirements and implementation have also been recognized by the Australian Energy 
Market Operator (AEMO) as major barriers to the further deployment of DER technologies and the 
secure operation of the electric power system. 
 
In a recent technical report [99], the AEMO highlighted the urgent need to adapt technical standards. 
Specifically, the following areas were mentioned, where urgent action is required: 

• Improve DER disturbance withstand capabilities, consistent with international practice (e.g. 

the recently revised US standard for DER connection, IEEE 1547-2018). 

• Expand use of beneficial grid support control modes (such as Volt-Var, Volt-Watt, and 

Frequency-Watt), improving the hosting capacity of feeders and allowing more consumers 

to install DER, without additional network costs that would flow through to the continuum 

of consumers. 

• Provide optimal support for system security. 

• Enable consumers to utilise these capabilities to access new markets and services at a time 

of their choice 

These areas will also form the starting point to update the existing standards AS/NZS4777.2 and to 
progress work with network operators to update their corresponding connection agreements. 
The aim is to ensure system stability and reliability with further deployment of DER and RES. 
 

Japan codes and standards 

In Japan, the grid connection of DER is governed by the JEAC 9701 [100] standard, first published in 
2001 as “Technical guidance of interconnection for distributed power supply”. This standard provides 
the base for the local utilities to develop their own codes, which will be applied to DER to be connected 
to the grid. 
 
The JEAC 9701 defines the requirements for interconnection with low-voltage, medium-voltage and 
high-voltage (sub-transmission) grids. The standard was amended and updated over the last years, 
introducing new requirements for anti-islanding, voltage and frequency ride-trough.  
 
Related to advanced grid-support functions, specifically voltage and frequency control functions, the 
current version from 2016 with amendment from 2018 does not define any requirement. 
 
It is proposed to amend and update the Japanese codes, following the development on the 
international level to incorporate advanced grid support and ride through capabilities of state-of-the-
art DER. 
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2.3.2. Overview of international standardization activities 

The large-scale integration of renewables, energy storage systems as well as electric vehicles into the 
future smart grids requires more sophisticated and advanced automation technologies. For the 
implementation of those concepts and approaches proper Information and Communication Technology 
(ICT) is needed. This section provides a brief overview of the most important ICT-related standards 
supporting interoperability and scalability needs in future power grids with an enormous amount of 
interconnected and networked components exchanging power and information in a bidirectional 
manner.  
 
International standards are important in order to develop interoperable solutions for smart grid 
solutions. It is highly recommended to keep the development of new concepts, components, and devices 
– connected to the power system – aligned with standards describing how the corresponding design and 
implementation have to be carried out. Among other issues this includes also the information exchange 
and communication between those components. On international level various standardization 
organizations and bodies addressing this fact. An overview of the most important activities is given 
below.  

International Electrotechnical Commission (IEC) 

The International Electrotechnical Commission (IEC) plays a very important role on international level  
providing common rules and standards for the planning and operation of intelligent power systems and 
active distribution grids. Especially, the IEC Technical Committees (TC) TC 8 (“Systems aspects for 
electrical energy supply”'), TC 13 (“Electrical energy measurement, tariff- and load control”), TC 57 
(“Power systems management and associated information exchange”), TC 65 (“Industrial-process 
measurement, control and automation''), and TC SyC Smart Energy are responsible for smart grid 
related standard developments mentioned in the “IEC Smart Grid Standardization Roadmap” [101]. The 
IEC suggests in this report the following core standards to be applied for the realization of smart grid 
systems and solutions: 
 
• IEC Technical Report (TR) 62357: Proposes a service-oriented, seamless integration reference 

architecture for Energy Management Systems (EMS) in the power transmission domain and for 
Distribution Management Systems (DMS) in the power distribution domain (see figure below), 

• IEC 61970/61968: Specifies a domain ontology called Common Information Model (CIM) for 
modelling the electrical grid and its components,  

• IEC 61850: Addressed the automation of substations and power utility equipment (e.g., DER 
components),  

• IEC 62351: Covers cyber-security issues,  
• IEC 62056: Address rules for data exchange and provides specifications for meter reading, tariff, 

and load control in power systems, and 
• IEC 61508: Defines rules addressing functional safety issues in electrical, electronic, and 

programmable electronic systems and devices. 
 
Besides the above-mentioned core “smart grids” standards the following IEC standards are also ranked  
with high relevance for the development of smart grid systems [101]: 
 
• IEC 60870-5: Covers tele-/remote control protocols, 
• IEC 60870-6: Responsible for inter-control centre communication,  
• IEC TR 61334: Addresses Distribution Line Message Service (DLMS),  
• IEC 61400-25: Defines wind power communication rules, 
• IEC 61850-7-410: Covers hydro energy communication issues, 
• IEC 61850-7-420: Covers distribution Energy communication issues,  
• IEC 61851: Covers Electric Vehicle (EV) communication, Smart Home, and E-mobility, and 
• IEC 62051-54/58-59: Defines metering-related standards. 
 
The following figure shows how the above-mentioned IEC standards and some other relevant ones are 
fit together according to the IEC TR 62357. 
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Figure 2.9. Overview of the IEC TR 62357 Seamless Integration Architecture (adopted from [102]). 

IEEE, NIST, and DKE 

In addition, the German DKE smart grids roadmap [103] suggests for the development and 
implementation of control logic the IEC TC 65 standards IEC 61131 for Programmable Logic Controllers 
(PLC) and IEC 61499 for distributed intelligent automation systems. Both approaches provide 
interesting and promising concepts and definitions. Furthermore, the IEC TC 65 automation-oriented 
approach OPC Unified Architecture (OPC UA), defined in IEC 62541, gets nowadays a lot of interest from 
the smart grid community for the platform-independent data exchange between distributed devices 
[104]. The well-known and widely used predecessor OPC Data Access (OPC DA) was especially 
developed for Windows-based platforms but the new OPC UA specification provides a platform-
independent information and communication model. It is based on a Service-oriented Architecture 
(SOA). An interesting aspect of the OPC UA SOA-based specification is that it can be used to map the CIM 
and IEC 61850 specifications to it. Therefore, OPC UA can be assumed as potential, standardized 
underlying communication layer for future networked smart grid applications.  
 
It has to be mentioned that comparable suggestions in the field of smart grid standardization have also 
been reported by other roadmaps and activities like the “NIST Framework and Roadmap for Smart Grids 
Interoperability Standards” [105], the “DKE German standardization roadmap for Smart Grids” [103], 
as well as the “IEEE Guide for Smart Grid Interoperability of Energy Technology and Information 
Technology Operation with the Electric Power System (EPS), End-Use Applications, and Loads” [106]. 
 
Regarding cyber security IEEE as well as NIST are providing corresponding solutions for selected topics 
(e.g., IEEE 1686, IEEE C37.240, NIST IR-7628, NIST SP 800-39). 

European Union Standardization Mandate M/490 

A further and very important activity in the field of smart grid standardization is the “M/490 
Standardization Mandate to European Standardization Organizations (ESO)” [107]. Initiated by the 
European Commission (EC), the main aim of this work is to develop a so-called “Smart Grid Architecture 
Model (SGAM)” which should be used as a reference architecture to realize the future European smart 
grids. It mainly covers different viewpoints and provides a mapping method for a structured approach 
to develop interoperable smart grid solutions. It mainly combines the physical layer of the power system 
including all elements of the energy conversation and distribution chain with different interoperability 
categories (i.e., communication, information, function, business) as specified by the Grid Wise 
Architecture Council (GWAC) [108] to a three-dimensional representation as shown in the following 
figure.   
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Figure 2.10. Overview of the “Smart Grid Architecture Model (SGAM)” (adopted from [107]). 

Besides that, an additional outcome of the M/490 mandate is the provision of the following important 
reports from the corresponding European standardization bodies CEN-CENELECT-ETSI [109]:  
 
• Extended set of standards support smart grids deployment 
• Overview methodology and its annexes: General Market Model Development, Smart Grid 

Architecture Model User Manual and Flexibility Management 
• Smart grid interoperability and its tool 
• Smart grid information security 
 
Closely related to SGAM activities is the formalized description method for collecting smart grid use 
cases. IEC 62559 [110] therefore defines rules and procedures for this kind of activity. Moreover, it 
provides also a standardized template for documenting smart grid-related use cases. 

Standards mapping tools and repositories 

Furthermore, the IEC created an interactive web-based tool (see http://smartgridstandardsmap.com) 
which provides a good way to get an overview of the different standards which are available for the 
domain of power system. Also, relevant use cases are provided by this tool. The following figure provides 
a brief overview of the provided mapping tool.  
 

http://smartgridstandardsmap.com/
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Figure 2.11. IEC smart grids standard mapping tool (http://smartgridstandardsmap.com). 

Besides the IEC tool the European funded project STARGRID (http://stargrid.eu) provides an extensive 
database (with search options) of smart grid relevant standards from important European, American, 
and international standardization organizations. An interesting feature of the STARGRID standards 
database is the provision of a comprehensive glossary. The following figure provides an overview of the 
database web interface.   

 

Figure 2.12. STARGRID standards database (http://stargrid.eu).  

http://smartgridstandardsmap.com/
http://stargrid.eu/
http://stargrid.eu/
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2.4. Global overview of the SGREE-related technical and regulatory aspects  

The overview of best practices across the world shows that, given the novelty of most applications in the 
area of Smart Grids, a comprehensive regulatory framework governing them has not yet emerged. 
Nevertheless, a number of countries have developed dedicated policies and roadmaps promoting Smart 
Grids and laying out the steps for their implementation. Most countries have developed regulatory 
frameworks for some of the individual aspects of Smart Grids, such as grid codes and incentives for RES, 
or regulation of DR and storage. Another implication of fast-paced technological and IT innovation is 
that regulation has not yet kept up with these developments, many of which have been limited to pilot 
and demonstration projects. Multiple funds and initiatives have been set up across the globe to facilitate 
the development of innovative solutions and their testing, experiences from which should translate into 
appropriate regulatory tools in the future.  
 
The overview further showed that none of the reviewed countries has a regulatory framework in place 
guiding the application of Blockchain and internet of things (IoT) in the electricity sector. A number of 
tests are being conducted such as Brooklyn Microgrid in the US, PowerLedger in Australia and 
CommUNITY in the UK, where Blockchain is implemented for improved data management, peer-to-peer 
trading and asset management. The common approach of evaluating Blockchain and other IoT solutions 
is through establishing a regulatory innovation zone (RIZ), e.g. Innovation Link and Regulatory Sandbox 
in the UK  [111] or a RIZ established in Singapore in October 2018 to test an international Blockchain-

based electricity-trading platform, Electrify.Asia 8 . The goal of a RIZ consists in creating room for 
innovation without any or some regulatory restrictions. This approach is meant to inform policymakers 
and regulators of the potential of technology, its area of application and the effect on stakeholders and, 
finally, identify the need for a regulatory mechanism. RIZ are not limited to IoT alone: a more detailed 
overview of RIZ design in different countries can be found in a dedicated casebook by the International 
Smart Grids Action Network (ISGAN) [111]. 
 
The other aspects related to the policy, regulation and technical standards for Smart Grids covered in 
Tasks 1.1 – 1.3 are referenced in the table below.  

 
Task 1.1 Regulation of RES integration 
 

the EU Germany Spain India Chile 

RES policy ✓ p. 17 ✓ p. 21 ✓ p. 17 ✓ p. 24 ✓ p. 25 

RES incentive mechanisms ✓ p. 18 ✓  p. 21 ✓ p. 23 ✓    p. 24 ✓ p. 25 

Grid balancing ✓ p. 19 ✓  p. 21 ✓ p. 19 
  

Forecasting ✓ p. 18 ✓ p. 18 ✓ p. 18 
  

Other ancillary services  ✓ p. 19 ✓ p. 21 ✓ p. 19 
  

Innovative solutions ✓ p. 20 ✓ p. 24 ✓ p. 23 ✓ p. 24  

 

Task 1.2 Regulation of smart energy technologies deployment 
 

the EU Norway South Korea Japan the US US, 
California 

Smart Grids 
(policy/roadmap) 

✓ p. 26, 27 
 

✓ p. 32 ✓ p. 35 ✓ p. 36 ✓ p. 38 

Smart Meters ✓ p. 28 
 

✓ p. 35  ✓ p. 36 
 

Energy efficiency ✓ p. 27 
  

 ✓ p. 38 
 

Ancillary services  ✓ p. 28   ✓ p. 35  ✓ p. 39 

Energy storage  ✓ p. 30 ✓ p. 30 ✓ p. 33 ✓ p. 35 ✓ p. 37 
 

 
8 https://www.electrify.asia/overview 

https://www.electrify.asia/overview
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Task 1.2 Regulation of smart energy technologies deployment 
 

the EU Norway South Korea Japan the US US, 
California 

DR/DSM (policy, 
incentives, 
regulation) 

✓ p. 28 
 

✓ p. 33 ✓ p. 35 ✓ p. 37 ✓ p. 39 

VPP / aggregation ✓ p. 25, 28 
  

✓ p. 36 ✓ p. 25 ✓ p. 25, 39 

Incentives and 
network tariffs 

✓ p. 29 ✓ p. 32 ✓ p. 33    

Electric 
mobility/charging 
infrastructure 

✓ p. 31 ✓ p. 32 
 

 
 

✓ p. 39 

Microgrids ✓ p. 31 
 

✓ p. 34 ✓ p. 35 ✓ p. 38 
 

Innovative solutions ✓ p. 30      

 

Task 1.3 Network codes and interconnection standards 
 

European 
Network codes  

USA (IEEE) Australia Japan 

Defined operational ranges of DER ✓ p. 39 ✓ p. 46 ✓ p. 48 ✓ p. 49 

Advanced grid support functions 
from DER 

 
✓ p. 47   

Capability to ride-through wide 
area system disturbances 

✓ p. 43 ✓ p. 48  ✓ p. 49 

Remote controllability ✓ p. 41 ✓ p. 48 ✓ p. 48 
 

 

Task 1.3 International standardization activities 
 

EU M/490 
(CEN-CENELEC-ETSI) 

IEC 
(international) 

IEEE 
(focus US, 
international) 

NIST 
(focus US) 

Interoperability &  
standardization 

✓ p. 51 ✓ p. 50 ✓ p. 51 ✓ p. 51 

cyber security ✓ p. 51 ✓ p. 50 ✓ p. 51 ✓ p. 51 

communication  
protocols and 
infrastructure 

✓ p. 51 ✓ p. 50 ✓ p. 51 ✓ p. 51 

EMS & DMS systems ✓ p. 51 ✓ p. 50 ✓ p. 51 ✓ p. 51 

gateways/interfaces ✓ p. 51 ✓ p. 50 ✓ p. 51 ✓ p. 51 

 
 
 
  



 

63 

References of Chapter 1 and 2 
[1] International Energy Agency, World energy outlook. 2018 2018. 2018. 
[2] CEER, “CEER Status Review on European Regulatory Approaches Enabling Smart Grids Solutions 

(‘Smart Regulation’),” CEER (Council of European Energy Regulators), Brussels, Belgium, Ref: 
C13-EQS-57-04, Feb. 2014. 

[3] European Commission, “Definition, expected services, functionalities and benefits of Smart Grids. 
SEC(2011) 463 final,” European Commission, Brussels, Belgium, Commission Staff Working 
Document, Apr. 2011. 

[4] International Energy Agency, “Technology Roadmap: Smart Grids,” OECD/IEA, Paris, France, Apr. 
2011. 

[5] K. Dragoon and G. Papaefthymiou, “Power System Flexibility Strategic Roadmap. Preparing 
power systems to supply reliable power from variable energy resources,” ECOFYS, Berlin, 
POWDE15750, 2015. 

[6] EG3 Smart Grids Task Force, “Regulatory Recommendations for the Deployment of Flexibility,” 
European Commission, Brussels, EG3 Report. Smart Grid Task Force, 2015. 

[7] SWECO, “Study on the effective integration of Distributed Energy Resources for providing 
flexibility to the electricity system.,” SWECO, ECOFYS, Tractebel Engineering, pwc, Stockholm, 
Final Report to the European Commission 54697590000, 2015. 

[8] B. Lapillonne, “Smart grids and network regulation: ‘The regulatory framework is still not in 
place,’” presented at the Webminar for the Clean Energy Solutions Center, Jan-2013. 

[9] World Bank, “The World Bank in Vietnam. Overview.,” The World Bank, 25-May-2019. [Online]. 
Available: https://www.worldbank.org/en/country/vietnam/overview. [Accessed: 25-May-
2019]. 

[10] Danish Energy Agency, “Vietnam Energy Outlook Report 2017,” Danish Energy Agency, 
Copenhagen, Denmark, 2017. 

[11] International Energy Agency, “IEA Statistics. total primary energy supply by source. Viet Nam 
1990 - 2016,” 25-May-2019. [Online]. Available: 
https://www.iea.org/statistics/?country=VIETNAM&year=2016&category=Electricity&indicato
r=TPESbySource&mode=chart&dataTable=ELECTRICITYANDHEAT. [Accessed: 25-May-2019]. 

[12] The Prime Minister of the Socialist Republic of Vietnam, Decision on the approval of the revised 
national power development master plan for the 2011-2020 period with the vision to 2030. 2016. 

[13] DARA, “Climate Vulnerability Monitor. Vietnam,” Climate Vulnerability Monitor, 25-May-2019. 
[Online]. Available: https://daraint.org/climate-vulnerability-monitor/climate-vulnerability-
monitor-2012/country-profile/?country=Vietnam. [Accessed: 25-May-2019]. 

[14] The Prime Minister of the Socialist Republic of Vietnam, Decision approving the viet Nam’s 
Renewable energy Development Strategy up to 2030 with an outlook to 2050. 2015. 

[15] The Prime Minister of the Socialist Republic of Vietnam, Decision Approval of the National Master 
Plan for Power Development for the 2011 - 2020 Period with the Vision to 2030. 2011. 

[16] World Bank Group, “Global Solar Atlas.” 
[17] “Global Wind Atlas,” 25-May-2019. [Online]. Available: https://globalwindatlas.info/. [Accessed: 

25-May-2019]. 
[18] European Commission, “Energy Union Package. Communication from the Commission to the 

European Parliament, the Council, the European Economic and Social Committee and the 
Committee of the Regions. A Framework Strategy for a Resilient Energy Union with a Forward-
Looking Climate Change Policy,” European Commission, Brussels, COM(2015) 80 final, Feb. 2015. 

[19] Directive 2009/72/EC, “Directive of the European Parliament and of the Council of 13 July 2009 
concerning common rules for the internal market in electricity and repealing Directive 
2003/54/EC. OJ L 211, 14.8.2009, p. 55–93.” . 

[20] Directive 2018/2001/EU, “Directive (EU) 2018/2001 of the European Parliament and of the 
Council of 11 December 2018 on the promotion of the use of energy from renewable sources 
(recast). OJ L 328, 21.12.2018, p. 82–209.” 2019. 

[21] Directive 2009/28/EC, “Directive of the European Parliament and of the Council of 23 April 2009 
on the promotion of the use of energy from renewable sources and amending and subsequently 
repealing Directives 2001/77/EC and 2003/30/EC.  OJ L 140, 5.6.2009, p. 16–62.” . 

[22] European Commission, Commission Regulation (EU) 2017/2195 of 23 November 2017 establishing 
a guideline on electricity balancing. 2017. 



 

64 

[23] Directive 2019/44/EU, “Directive (EU) 2019/44 of the European Parliament and of the Council 
of 5 June 2019 on common rules for the internal market for electricity and amending Directive 
2012/27/EU (recast). OJ L 158, 14.06.2019, p. 125–195.” 2019. 

[24] 50 Herz, Amprion, TenneT, and TransnetBW, “Leitfaden zur Präqualifikation von 
Windenergieanlagen zur Erbringung von Minutenreserveleistung im Rahmen einer Pilotphase.” 
04-Sep-2017. 

[25] ENTSO-E, “All TSOs’ proposal for the implementation framework for a European platform for the 
exchange of balancing energy from frequency restoration reserves with automatic activation in 
accordance with Article 21 of Commission Regulation (EU) 2017/2195 establishing a guideline 
on electricity balancing,” ENTSO-E, Brussels, Belgium, Dec. 2018. 

[26] J. Merino, I. Gomez, E. Turienzo, C. Madina, I. Cobelo, and A. Morch, “Ancillary service provision 
by RES and DSM connected at distribution level in the future power system,” Project SmartNet, 
D1.1, Dec. 2016. 

[27] Erneuerbare-Energien-Gesetz - EEG 2017, Gesetz für den Ausbau erneuerbarer Energien 
(Renewable Energies Act, amendment of 2017), BGBI. I S.706. 2019. 

[28] Verordnung über Vereinbarungen zu abschaltbaren Lasten (Verordnung zu abschaltbaren Lasten - 
AbLaV) idF. BGBl. I S. 2016, 3106. 2016. 

[29] Bundesministerium für Wirtschaft und Energie (BMWi), “Kommission ‘Wachstum, 
Strukturwandel und Beschäftigung’. Abschlussbericht,” Bundesministerium für Wirtschaft und 
Energie (BMWi), Frankfurt am Main, Germany, Final report, Jan. 2019. 

[30] ACER/CEER, “Annual Report on the Results of Monitoring the Internal Electricity and Gas 
Markets in 2017 - Electricity Wholesale Markets Volume,” Agency for the Cooperation of Energy 
Regulators and the Council of European Energy Regulators, Brussels, Oct. 2018. 

[31] EnWG, Electricity and Gas Supply Act 2005 (In Ger. Gesetz über die Elektrizitäts- und 
Gasversorgung (Energiewirtschaftsgesetz) BGBl. I S. 1970, 3621 idF BGBl. I S. 2017, 2808. 2017. 

[32] Bundesnetzagentur, “Quartalsbericht zu Netz- und Systemsicherheitsmaßnahmen. Gesamtjahr 
und Viertes Quartal 2017,” Berlin, Germany, Jul. 2018. 

[33] Ministry of Industry, Energy nad Tourism, Real Decreto 413/2014, de 6 de junio, por el que se 
regula la actividad de producción de energía eléctrica a partir de fuentes de energía renovables, 
cogeneración y residuos. 2014, p. 103. 

[34] Ministry for the Environmental Transition, Real Decreto 244/2019, de 5 de abril, por el que se 
regulan las condiciones administrativas, técnicas y económicas del autoconsumo de energía 
eléctrica. 2019, p. 46. 

[35] Ministry of New and Renewable Energy of India, National Wind-Solar Hybrid Policy. 2018. 
[36] Ministry of Economy, Infrastructure and Reconstruction of Chile, General law on electricity 

services regaring generation of energy with non-conventional renewables energy sources. 2008. 
[37] Ministry of Energyof Chile, Law regulating the payment of electricity tariffs of residential 

producers. 2014. 
[38] ETIP SNET, “Vision 2050. Integrating Smart Networks for the Energy Transition: Serving Society 

and Protecting the Environment,” Brussels, Belgium, Jun. 2019. 
[39] G. Papaefthymiou, K. Grave, and K. Dragoon, “Flexibility options in electricity systems,” ECOFYS, 

Berlin, 2014. 
[40] CEER, “Regulatory and Market Aspects of Demand-Side Flexibility. A CEER Public Consultation 

Document. Ref: C13-SDE-38-03. 8 November 2013,” CEER (Council of European Energy 
Regulators), Brussels, Public Consultation Document, 2013. 

[41] SEDC, “Mapping Demand Response in Europe Today 2015,” Smart Energy Demand Coalition 
(SEDC), Brussels, 2015. 

[42] B. Dupont, “Residential Demand Response Based on Dynamic Electricity Pricing: Theory and 
Practice,” PhD thesis, KU Leuven, Leuven, Belgium, 2015. 

[43] Regulation 2019/943/EU, “Regulation (EU) 2019/943 of the European Parliament and of the 
Council of 5 June 2019 on the internal market for electricity (recast). OJ L 158, 14.06.2019, p. 54-
124.” . 

[44] European Commission, Commission Regulation (EU) 2015/1222 of 24 July 2015 establishing a 
guideline on capacity allocation and congestion management. 2015. 

[45] European Commission, “Directive (EU) 2018/2002 of the European Parliament and of the 
Council of 11 December 2018 amending Directive 2012/27/EU on energy efficiency. OJ L 328, 
21.12.2018, p. 210-230.” 2018. 



 

65 

[46] European Commission, “Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions. Energy 
Technologies and Innovation,” European Commission, Brussels, COM(2013) 253 final, May 2013. 

[47] JRC, “Strategic Energy Technology (SET) Plan. Towards an Integrated Roadmap: Research & 
Innovation Challenges and Needs of the EU Energy System,” Joint Research Centre of the 
European Commission, Brussels, JRC93056, Dec. 2014. 

[48] Directive 2012/27/EU, “Directive of the European Parliament and of the Council of 25 October 
2012 on energy efficiency, amending Directives 2009/125/EC and 2010/30/EU and repealing 
Directives 2004/8/EC and 2006/32/EC. OJ L 315, 14.11.2012, p. 1–56.” . 

[49] IEA-ETSAP and IRENA, “Renewable Energy Integration in Power Grids. Technology Brief,” IEA 
Energy Technology Systems Analysis Programme and International Renewable Energy Agency, 
2015. 

[50] European Commission, “Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions. 
Launching the public consultation process on a new energy market design,” European 
Commission, Brussels, COM(2015) 340 final, Jul. 2015. 

[51] European Commission, “Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions. 
Delivering a New Deal for Energy Consumers,” European Commission, Brussels, COM(2015) 339 
final, Jul. 2015. 

[52] ACER/CEER, “Annual Report on the Results of Monitoring the Internal Electricity and Gas 
Markets in 2017 - Electricity and Gas Retail Markets Volume,” Agency for the Cooperation of 
Energy Regulators and the Council of European Energy Regulators, Brussels, Belgium, Oct. 2018. 

[53] StromNEV, “Regulation for tariffs for access to electricity supply networks 2005 (In Ger. 
Verordnung über die Entgelte für den Zugang zu Elektrizitätsversorgungsnetzen 
(Stromnetzentgeltverordnung - StromNEV)  vom 25. Juli 2005 (BGBl. I S. 2225), die zuletzt durch 
Artikel 10 des Gesetzes vom 13. Mai 2019 (BGBl. I S. 706) geändert worden ist).” idF 2019-2005. 

[54] Bundesministerium der Justiz und für Verbraucherschutz, Gesetz für den Ausbau erneuerbarer 
Energien (Erneuerbare-Energien-Gesetz - EEG 2017). 2017. 

[55] K. Östman, “DSO tariffs in Sweden – Current set-up and regulatory developments,” presented at 
the NordREG seminar on network tariffs, Swedish Energy Markets Inspectorate, 05-Nov-2017. 

[56] E-Control, “Weiterentwicklung der Netzentgeltstruktur für den Stromnetzbereich („Tarife  2.0“). 
Konsultationsfassung,” E-Control Austria, Vienna, Consultation Paper, Feb. 2016. 

[57] S. Åkerfeldt, “The Benefits of a Carbon Tax – Swedish experiences and a focus on developing 
countries,” presented at the Domestic Resource Mobilization and Tax Base Protection. UN 
Workshop on Practical Issues in Protecting the Tax Base of Developing Countries, Addis Ababa, 
Ethiopia, 10-Nov-2017. 

[58] J. Cejie, “The strategic reserve - why and how?,” Ministry of the Environment and Energy Sweden, 
Stockholm, Sweden, 2016. 

[59] Deutsche Energie-Agentur, “dena-Verteilnetzstudie. Ausbau und Innovationsbedarf der 
Stromverteilnetze in Deutschland bis 2030.,” Deutsche Energie-Agentur GmbH (dena), Berlin, 
Final Report, 2012. 

[60] European Commission, “Report from the Commission ti the European Parliament, the Council, 
the European Economic and Social Committee, the Committee of the Regions and the European 
Investment Bank on the Implementation of the Strategic Action Plan on Batteries: Building a 
Strategic Battery Value Chain in Europe,” European Commission, Brussels, Belgium, COM(2019) 
176 final, Apr. 2019. 

[61] European Commission, “Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Committee of the Regions. A 
European Strategy for Low-Emission Mobility,” European Commission, Brussels, Belgium, 
COM/2016/0501 final, Jul. 2016. 

[62] European Commission, “Europe on the Move: Commission completes its agenda for safe, clean 
and connected mobility,” Mobility and Transport, 17-May-2018. [Online]. Available: 
https://ec.europa.eu/transport/modes/road/news/2018-05-17-europe-on-the-move-3_en. 
[Accessed: 07-May-2019]. 

[63] Regulation (EU) 1316/2013, Regulation (EU) No 1316/2013 of the European Parliament and of 
the Council of 11 December 2013 establishing the Connecting Europe Facility, amending Regulation 
(EU) No 913/2010 and repealing Regulations (EC) No 680/2007 and (EC) No 67/2010 Text with 
EEA relevance OJ L 348, 20.12.2013, p. 129–171. . 



 

66 

[64] European Commission, “Horizon 2020,” Policies, information and services, 05-Jul-2019. [Online]. 
Available: https://ec.europa.eu/programmes/horizon2020/en. 

[65] Directive 2014/94/EU, Directive 2014/94/EU of the European Parliament and of the Council of 22 
October 2014 on the deployment of alternative fuels infrastructure. OJ L 307, 28.10.2014, p. 1–20. . 

[66] Directive (EU) 2018/844, Directive (EU) 2018/844 of the European Parliament and of the Council 
of 30 May 2018 amending Directive 2010/31/EU on the energy performance of buildings and 
Directive 2012/27/EU on energy efficiency. OJ L 156, 19.6.2018, p. 75–91. . 

[67] European Environment Agency, Ed., Electric vehicles in Europe. Luxembourg: Publications Office 
of the European Union, 2016. 

[68] Norsk elbilforening, “Norway is leading the way for a transition to zero emission in transport,” 
Norwegian EV policy, 2019. [Online]. Available: https://elbil.no/english/norwegian-ev-policy/. 
[Accessed: 10-May-2019]. 

[69] H. Tillborg, “Policies for a Sustainable Energy System – South Korea,” Myndigheten för 
tillväxtpolitiska utvärderingar och analyser, Östersund, Sweden, 2013/164, 2013. 

[70] J. C. Son, “Smart Grid in Korea,” presented at the IEA Sustainable Electricity System for Asia, 
Bangkok, thailand, 26-Nov-2013. 

[71] Zpryme, “South Korea: smart Grid Revolution,” Zpryme Research and Consulting, Dec. 2011. 
[72] S.-Y. Kim and J. A. Mathews, “Korea’s strategy for smart grids,” The Korea Times, Seoul, South 

Korea, 02-Apr-2017. 
[73] KT, “South Korea: Jeju Island Smart Grid Test-Bed. Developing Next Generation Utility 

Networks.” GSMA Smart Cities, Sep-2012. 
[74] T. Ikeda, “Microgrid system. Energy Management and Storage in Japan,” presented at the APEC 

Workshop, Chang Mai, Thailand, 10-Sep-2018. 
[75] National resilience Promotion Office, Cabinet Secretariat, “Building National Resilience. Creating 

a Strong and Flexible Economy,” Tokyo, Japan, 2013. 
[76] PanaHome Corporation, ENERES, IBJ Leasing, and Public enterprises Agency, Hyogo Prefecture, 

“Launch of Japan’s first microgrid system with a total of 117 homes.” 21-Sep-2017. 
[77] The US Federal Government, Energy Independence and Security Act of 2007. 2007. 
[78] Office of Electricity, “Demand Response: Policy,” Energy.gov, 2018. [Online]. Available: 

https://www.energy.gov/oe/demand-response-policy. [Accessed: 05-Jun-2019]. 
[79] A. Ali, W. Li, R. Hussain, X. He, W. B. Williams, and H. A. Memon, “Overview of Current Microgrid 

Policies, Incentives and Barriers in the European Union, United States and China,” Sustainability, 
vol. 9, no. 7, 2017. 

[80] U.S. Senate, An Act to ensure jobs for our future with secure, affordable, and reliable energy (Energy 
Policy Act of 2005). 2005. 

[81] T. Brennan and K. Palmer, “Energy efficiency resource standards: Economics and policy,” Util. 
Policy, vol. 25, no. C, pp. 58–68, 2013. 

[82] CPUC, “California Renewables Portfolio Standard,” California Public Utilities Commission, 2019. 
[Online]. Available: https://www.cpuc.ca.gov/RPS_Overview/. [Accessed: 20-Jun-2019]. 

[83] CAISO, PG&E, SCE, and SDG&E, “Coordinaton of transmission and distribution operations in a 
high distributed energy resource electric grid,” More than Smart, Jul. 2017. 

[84] F. Sioshansi, “The sorry state of demand response in the U.S.,” Energy Post, Jan. 2018. 
[85] California Aid Resources Board, “Zero-Emission Vehicle Program,” The State of California, 2018. 

[Online]. Available: https://ww2.arb.ca.gov/our-work/programs/zero-emission-vehicle-
program. 

[86] Regulation (EC) 714/2009, “Regulation (EC) of the European Parliament and of the Council of 13 
July 2009 on conditions for access to the network for cross-border exchanges in electricity and 
repealing Regulation (EC) No 1228/2003. OJ L 211/15, 14.8.2009.” 2009. 

[87] ENTSO-E NC DCC, “ENTSO‐E Network Code on Demand Connection 21 December 2012.” 2012. 
[88] EN 50438:2013, “Requirements for micro-generating plants to be connected in parallel with 

public low-voltage distribution networks,” CENELEC, 2013. 
[89] EN 50549-1:2019, “Requirements for generating plants to be connected in parallel with 

distribution networks - Part 1: Connection to a LV distribution network –  Generating plants up 
to and including Type B,” CENELEC, 2019. 

[90] EN 50549-2:2019, “Requirements for generating plants to be connected in parallel with 
distribution networks - Part 2: Connection to a MV distribution network –  Generating plants up 
to and including Type B,” CENELEC, 2019. 

[91] IEEE, “Standard for Interconnecting Distributed Resources with Electric Power Systems, IEEE 
Standard 1547,” 2018. 



 

67 

[92] K. Horowitz et al., “An Overview of Distributed Energy Resource (DER) Interconnection: Current 
Practices and Emerging Solutions.,” National Renewable Energy Laboratory, Golden, CO, 
NREL/TP-6A20-72102. 

[93] California Public Utilities Commission, “Recommendations for updating the technical 
requirements for inverters in distributed energy resources, Smart Inverter Working Group 
recommendations,” California Public Utilities Commission, Dec. 2013. 

[94] California Public Utilities Commission, “ELECTRIC RULE NO. 21 GENERATING FACILITY 
INTERCONNECTIONS,” California Public Utilities Commission, Dec. 2013. 

[95] Underwriters Laboratories, “Inverters, Converters, Controllers and Interconnection System 
Equipment for use with Distributed Energy Resources,” UL1741 Ed. 2, 2010. 

[96] Underwriters Laboratories, “Inverters, Converters, Controllers and Interconnection System 
Equipment for use with Distributed Energy Resources,” 1741 Supplement A, 2016. 

[97] AS/NZS 4777.1:2016, “Grid connection of energy systems via inverters Installation 
requirements.” 

[98] AS/NZS 4777.2:2015, “Grid connection of energy systems via inverters Inverter requirements.” 
[99] AEMO, “Technical Integration of Distributed Energy Resources - Improving DER capabilities 

tobenefit consumers and the power system,” AEMO, Apr. 2019. 
[100] JEAC 9701-2016, “Technical guidance of interconnection for distributed power supply,” 

JEAC9701. 
[101] SMB Smart Grid Strategic Group (SG3), “IEC Smart Grid Standardization Roadmap,” International 

Electrotechnical Commission (IEC), Geneva, Switzerland, Technical Report, Ed. 1.0, Jun. 2010. 
[102] IEC TC 57, “IEC TR 62357: Power system management and associated information exchange – 

Part 1: Reference architecture,” International Electrotechnical Commission (IEC), Geneva, 
Switzerland, Technical Report, 2016. 

[103] DKE, “The German Standardisation Roadmap E-Energy/Smart Grid,” German Commission for 
Electrical, Electronic & Information Technologies of DIN and VDE, Frankfurt, Germany, Technical 
Report, 2010. 

[104] IEC TC 65, “IEC TR 62541: OPC unified architecture – Part 1: Overview and concepts,”,” 
International Electrotechnical Commission (IEC), Geneva, Switzerland, Technical Report, 2016. 

[105] NIST, “NIST Framework and Roadmap for Smart Grid Interoperability Standards,” Institute of 
Electrical and Electronics Engineers (IEEE), New York, USA, Technical Report NIST Special 
Publication 1108, Oct. 2011. 

[106] IEEE, “IEEE Guide for Smart Grid Interoperability of Energy Technology and Information 
Technology Operation with the Electric Power System (EPS), End-Use Applications, and Loads,” 
Institute of Electrical and Electronics Engineers (IEEE), New York, USA, Technical Report 2030-
2011, 2011. 

[107] EC, “M/490 Standardization Mandate to European Standardisation Organisations (ESOs) to 
support European Smart Grid deployment,” European Commission, Brussels, Belgium, 2012. 

[108] GWAC, “GridWise Interoperability Context Setting Framework,” The GridWise Architecture 
Council (GWAC), Technical Report, 2008. 

[109] CEN-CENELEC, “CEN-CENELEC-ETSI Smart Grid Coordination group,” 2014. [Online]. Available: 
https://www.cencenelec.eu/standards/Sectorsold/SustainableEnergy/SmartGrids. 

[110] IEC TC SyC Smart Energy, “IEC 62559: Use case methodology,” International Electrotechnical 
Commission (IEC), Geneva, Switzerland, Technical Report, 2015. 

[111] D. Bauknecht et al., “Casebook on Innovative Regulatory Approaches with Focus on Experimental 
Sandboxes,” International Smart Grids Action Network (ISGAN), May 2019. 

 
 

08 Fall 



 

68 

 
 
 

 



 

69 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

03 
 Review of the existing regulatory 
framework for SGREEE 

 



 

70 

3. Task 2: Review of the existing 
regulatory framework for SGREEE in Viet 
Nam 
 
The main goal of this chapter is twofold: the authors review of relevant legal and technical regulations 
and related documents in Viet Nam verifying content consistency and identify areas relevant for the 
implementation of Smart Grids, which are not covered by the existing regulatory framework. 
 
The chapter reviews relevant national regulations and standards such as:  
- Official programmes, masterplans or roadmaps (e.g. Smart Grid Road Map, DSM program...), for 

instance, the national power development plan (PDP) - the governing planning document in the 
power subsector. PDP VII was prepared in 2011 for the period from 2011 to 2020, with long-term 
vision up to 2030 (Decision No. 1208/2011/QD-TTg). Minor revisions were incorporated in 2013 
(No. 2414/2013/QD-TTg) and major revisions were carried out in 2015 (Decision No. 
428/2015/QDTTg). 

- Legal/regulatory provisions (e.g. transmission and distribution grid codes, economic incentives and 
power market regulations), such as the Decision No. 2068/2015/QD-TTg concerning incentives for 
development of renewables or the Decision No. 11/2017/QD-TTg which also offers special 
incentives for solar energy projects. The Regulation of the electricity price at consumer level, the 
Decision No. 24/2017/QD-TTg, allows EVN to increase the average power retail price when input 
costs rise 3%. The Decision No. 63/2013/QD-TTg provides the roadmap for the electric market 
liberalization where is expected to create a Competitive retail market in 2023. 

- Existing technical standards issued by EVN and the power companies (e.g. internal standards 
regulating grid operation, grid interconnection processes, power system technologies, etc.)  

- It further takes into account other available literature and statistics on related topics aimed at giving 
a clear picture of the current status for SGREEE in Viet Nam. For example, the “Smart Grid to Enhance 
Power Transmission in Viet Nam” from The World Bank (February 2016) where technical analysis 
of Viet Nam’s existing Smart Grid roadmap, a cost-benefit and risk analyses of the Smart Grid options 
and considerations of regulatory and performance monitoring are presented. Another example is 
the Viet Nam energy outlook report 2017, published by the Danish Energy Agency in 2017 where 
the security energy supply, renewable energy strategies and the application of the energy efficiency 
as “first fuel” are analysed. 

 
The analysis presented in the chapter considers technical, non-technical issues such as economic aspects 
including subsidies, incentives or new services such as demand response.  
 
A critical review of existing technical regulations (e.g. transmission/distribution grid codes, national 
standards, EVN-internal technical standards) is performed regarding:  
- Integration of VRE generation in the power system (e.g. SCADA/EMS, SCADA/DMS), including 

technical requirements (connection, interface specifications, communication protocols, etc.)  
- Requirements of potential future smart energy technology applications such as ancillary service 

market, advanced metering infrastructure, demand response, energy storage, virtual power plants, 
net-metering, etc.  

 
The review of requirements and regulations is used to identify future needs and current barriers for the 
implementation of the technologies which can support the implementation of new services together 
with better management of the electric grid with a high share of RE. These will be addressed in detail in 
Tasks 3 and 4.  
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Task 2.1. Regulation of RES integration in Viet Nam 

Before integration of renewables into the power system of Vietnam can be discussed, it is important to 
have a clear big picture of the overall market and system architecture in the country. Power market 
regulation defines the design space available to the system stakeholders to produce rules and 
mechanisms for the integration of RES.  

 

Power market regulation 
 
The main legal document guiding the functioning of the electricity sector in Viet Nam is the Electricity 
Law No. 28/2004/QH11 of 2004 revised in 2012 together with the accompanying decisions and 
decrees. It creates the foundation of the subsequent decisions regarding the use of renewables, 
integration of new starter technologies, grid and market operation. The Electricity Law encourages the 
deployment of “scientific and technological advances to electricity activities” (Article 4), which includes 
technologies required for the development of Smart Grids.  
 
Since it is the national transmission network operator, NPT, that is responsible for the “safe, stable and 
reliable operation of the electricity grids and electricity transmitting equipment” (Art. 40 of the 
Electricity Law), Smart Grid investment and development would also fall into his area of responsibilities. 
This argument is also supported by the Decree No. 137/2013/ND-CP, which, among others, puts 
transmission and distribution companies in charge of grid investments and f drafting plans and 
roadmaps for grid renovation (Arts. 5 and 6 of the Decree).  
 
Electricity of Viet Nam holding company (EVN) is a vertically integrated utility, the majority of whose 
shares are owned by the government of Viet Nam. EVN is the sole buyer in the country’s generation 
market. It is also responsible for the electricity transmission and distribution grid as well as for the 
power supply to end consumers through its subsidiaries.  
 
In 2003 EVN was equitized or partially privatized with over 50% of shares belonging to the Vietnamese 
government [18]. The government of Viet Nam, as per Decision 63/2013/QD-TTg, announced a 3-stage 
electricity sector reform to create a liberalized electricity market in order to diversify ownership, 
promote investment and ensure sufficient power supply. The first stage of the process foresaw the 
establishment of an electricity generation market as a cost-based pool in 2012 [18]. EVN’s generation 
plants were unbundled from electricity transmission. Other privately owned generators with installed 
capacity of over 30 MW were allowed to participate in the generation market. The transmission network 
is managed by an EVN subsidiary, the National Transmission Systems (NPTC). In the second step, 
following a successful trial period, the wholesale electricity market was launched in the Viet Nam at the 
beginning of 2019. In the final third step, a retail electricity market is expected to be implemented by 
2023. 
 
Privately owned companies, including a growing share of foreign investors, can build new power plants 
under the build-operate-transfer (BOT) scheme. The BOT scheme implies that these companies are 
allowed to build and operate a plant for a certain period of time, after which it is transferred to the 
government of Viet Nam. Alternatively, a producer can opt for an independent power producer (IIP) 
scheme. The most prominent examples of the IIP model are the Viet Nam Oil and Gas Group (PVN) and 
Vietnam National Coal-Mineral Industries Holding Corporation (Vinacomin), which, together with EVN, 
comprise about 75% of the market [19]. All the generated power is purchased through the Electricity 
Purchase and Trading Corporation (EPTC). The Ministry of Industry and Transport (MOIT), the Energy 
Regulatory Authority of Vietnam (ERAV) or the regional authorities grant producer licenses and approve 
the construction of power plants whereas it is EVN that signs power purchase agreements (PPA) with 
them. Five regional subsidiaries or purchasing companies of EVN, North Power Corporation, Central 
Power Corporation, South Power Corporation, Hanoi Power Corporation and Ho Chi Minh City Power 
Corporation), are responsible for their regional distribution networks and end-user supply then 
purchase the power from the EPTC. The structure of the electricity sector is illustrated in Figure 3.1.  
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Figure 3.1. Overview of the stakeholders in the electricity sector of Viet Nam (Source: MOIT/GIZ 2019). 
 
Viet Nam has a fairly low level of interconnection with its neighbor countries. The power import 
agreement with China, which helped supply the regions in the North of Viet Nam expired in 2015 [19]. 
A memorandum of understanding to improve interconnection between Viet Nam and Laos and enable 
electricity trade was signed in 2018 [19]. At the same time, electricity demand is rapidly increasing: the 
recent power development plan for the period 2011-2020, as per Decision 428/QD-TTg, estimated the 
future growth at 10% to 12% per year [12]. This requires not only expansion of installed capacity but 
also a diversification of supply and a stable and reliable network operation.  
 
Notably, renewable energy generators currently are not allowed to participate in the Vietnamese 
electricity market. There are, however, several support mechanisms in place to facilitate RES 
development projects. Incentives range from corporate tax exemptions and reductions, land lease 
reductions to zero import on goods and materials for the fixed assets for RES projects, which are 
stipulated in Decisions 2068/QD-TTg of 2015 [14] and 11/2017/QD-TTg of 2017 [20]. The former 
Decision also details the vision for RES development until 2050, as was specified in the Introduction.  
 
EVN as a single buyer of electricity in Viet Nam is obliged to purchase all the energy produced from solar 
power and provide a priority dispatch for it. Solar projects consistent with the Power Development Plan 
VII obtain an authorization as well as a feed-in tariff of 9.35 $cent/kWh for a period of 20 years. The 
terms are agreed individually in a PPA between EVN and the seller, which must be signed within 30 days. 
The PPA includes the agreed cost of electricity purchase, which remains valid for the duration of the 
PPA. In 2019, ERAV prepared a report in order to allow parties to sign PPAs with non-EVN customers 
for the total volume of 300 MW of RES. The report proposing the direct PPA mechanism is submitted to 
the government for approval in 2020-2021.  
 

Renewable energy policy 

RES policy and strategy 

Decision 1208/2011/QD-TTg 
(PDP VII) 

2011 National Power Development Plan for 2011-
2020 period with a vision to 2030 

Decision 428/2016/QD-TTg 
(Revised PDP VII) 

2016 Approval of the Revised National Power 
Development Master Plan for the 2011-2020 
period with a vision to 2030 

   

 
In the last decade, Viet Nam saw an evolution of renewable energy targets.  
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In July 2011, the Prime Minister issued Decision 1208/2011/QD-TTg to approve the National Power 
Development Plan for the 2011 – 2020 period with a vision to 2030 (PDP 7), under which the 
Government sets the priority to develop renewable energy for power generation and increase its share 
in the energy mix from 3.5% in 2010 to 4.5% by 2020 and 6.0% by 2030. The wind power output is 
planned to increase from the currently insignificant level of just 31 MW to 1 000 MW to account for 0.7% 
of the total power output by 2020 and 6 200 MW (2.4%) by 2030.  
 
In the next step, in March 2016, the Prime Minister issued Decision 428/2016/QD-TTg to approve the 
Revised National Power Development Master Plan for the 2011-2020 Period with the Vision to 2030 
(Revised PDP 7), under which the Government sets the following priorities: 

1) Prioritize the exploitation of renewable sources for electricity production; increase the share of 
electricity produced from these sources (excluding large- and medium-scale and pumped-
storage hydropower) to 7% in 2020 and over 10% in 2030.  

2) Bring the total wind power capacity from 140 MW to approx. 800 MW in 2020, approx. 2 000 
MW in 2025 and approx. 6 000 MW in 2030, as illustrated in Figure 3.2. The wind power shall 
make up approx. 0.8% in 2020, approx. 1% in 2025 and approx. 2.1% of electricity production 
in 2030.  

3) Accelerate the development of solar power, including large ground-mounted and small rooftop 
systems: Bringing the total solar power capacity from the current negligible level up to approx. 
850 MW in 2020, approx. 4 000 MW in 2025 and approx. 12 000 MW in 2030, as illustrated in 
Figure 3.2. The share of solar power sources shall account for approx. 0.5% in 2020, 
approx.1.6% in 2025 and approx. 3.3% in 2030.  

 
Figure 3.2. Wind and solar target development of Viet Nam (in MW), as per revised PDP 7. 

 

4) Install additional generation capacity from conventional energy sources and increase 

imports (in GW) by 2030: 
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Figure 3.3. Installed capacity in the energy mix of Viet Nam, as per Revised PDP VII (Source: GIZ, 2019). 
 
Importantly, Revised PDP VII highlights the need to integrate RES into Smart Grids and end users, setting 
a clear political goal.  
 
As of April 2019, the following RES developments have been observed:  
- Wind energy:  

• 7 projects with installed capacity of 306 MW were put into operation  
• Total capacity registered 7 000 MW period 2019- 2025.  
• Some off-grid projects: Phú Quý 6 MW  

- Solar energy:  
• 8 projects with installed capacity of 300 MW were put into operation.  
• Around 98 solar farm projects were signed PPA with EVN with installed capacity of (6 000 

MW).  
• Total capacity registered more than 10 000 MW period 2019- 2025.  
• Solar roof-top: 748 projects with installed capacity of 12 MW (update to July, 2018)  

 
- Currently hydropower is the biggest contributor to the shares of renewable installed capacity 

(nearly 3000MW) in the energy mix of Viet Nam. 
 
In sum, according to NLDC, over 4 900MW of wind and over 28 000 MW of solar generation have been 
registered in Viet Nam as of 2019 and additional 3 500 MW of wind and 10 000 MW of solar generation 
have been approved [21].  
 
 

Incentive mechanisms for RES 

 
Regulation of economic incentives for the development of RES projects has evolved in the last decade 
starting from the first support mechanisms in Viet Nam in 2011 for wind power, which were 
subsequently updated in 2018 whereas first incentives for solar projects were defined in 2017 and 
recently updated in 2019, as is shown in the table below.  
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Regulation covering financial incentive mechanisms for RES 

Wind power   

Decision 37/2011/QD-TTg 2011 Support mechanism to develop wind power 
projects in Viet Nam 

Decision 39/2018/QD-TTg 2018 Amending and supplementing a number of 
articles of Decision No 37/2011/QD-TTg dated 
June 29, 2011 by the Prime Minster on support 
mechanism to develop wind power projects in 
Viet Nam 

Circular No 02/2019/TT-BCT 2019 On wind power project development and power 
purchase agreements for projects 

Solar power   

Decision 11/2017/QD-TTg 2017 Mechanism for encouragement of development 
of solar power in Viet Nam 

Circular No 16/2017/TT-BCT 2017 Project development and model power purchase 
agreements applied to solar power projects  

Decision 02/2019/QD-TTg 2019 Amending and supplementing some articles of 
Decision No 11/2017/QD-TTg dated April 11, 
2017 by the Prime Minster on mechanism for 
encouragement of development of solar power in 
Viet Nam  

Circular No 05/2019/TT-BCT 2019 Amending and supplementing some articles of 
Circular No 16/2017/TT-BCT dated September 
2017on on mechanism for encouragement of 
development of solar power in Viet Nam and 
standard PPA 

 
Wind power  
The Government’s commitment to renewable energy in general and wind power in particular became 
firmer after the Prime Minister issued Decision 37/2011/QD-TTg, on June 29th 2011 to approve the 
support mechanism to develop wind power projects in Vietnam. The Decision offers incentives to wind 
power projects in Viet Nam, thereby they are entitled to preferential treatment in terms of funding, taxes 
and associated operational fees. Specifically, wind power projects were offered feed-in tariffs (FIT) for 
onshore projects of 7.8 $cents/kWh. This price is subject to change in case of fluctuations in the 
VND/USD exchange rate. The State provides support of 1 $cents/kWh to the power price for the power 
buyer (EVN) for purchasing all output from wind power plants through the Viet Nam Environmental 
Protection Fund. This means EVN must pay the final price of 6.8 $cents/kWh. 
 
The Decision places the responsibility for grid investment up to the connection point to the transmission 
grid on power sellers (Art. 7). The contract between the seller and the buyer includes the contract period 
(20 years), the Base Price which can be adjusted upon the expiry of the contract and the plant connection 
and operation specifics (Art. 11).  
 
The financial incentive of Decision 37/2011/QD-TTg was however insufficient to encourage investors 
to participate in developing wind power projects. As a result, the target laid down by the government in 
PDP 7 and PDP 7 Revised were not met. Therefore, in 2018, the Prime Minister issued Decision 
39/2018/QD-TTg amending and supplementing a number of articles of Decision 37/2011/QD-TTg of 
2011. Under the revision, the FIT is to be increased from 7.8 to 8.5 $cents/kWh for onshore and 9,8 
$cents/kWh for offshore wind power projects for a period of 20 years, which have commercial operation 
date (COD) before 31 October 2021. 
 
For onshore wind power projects, the purchase price at delivery point is at VND 1 928 per kWh 
(excluding VAT and equivalent to 8.5 $cents/kWh according to USD/VND official exchange rate quoted 
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by the State Bank of Vietnam on August 30, 20189), adjustable according to the fluctuation of the 
VND/USD exchange rate. In turn, for offshore wind power projects, the purchase price at delivery point 
is at VND 2 223 per kWh (excluding VAT and equivalent to 9.8 $cents/kWh) (see Table 3.1).  
 
Beside the increase of the FiT in Decision 39/2018/QD-TTg, the Ministry of Industry and Trade of 
Vietnam (MOIT) issued Circular No. 02/2019/TT-BCT providing the instructions for the wind power 
project development and sample power purchase contract for wind projects. Almost immediately, large 
numbers of investors submitted proposals to the government to develop a large number of wind power 
projects. Noteworthy is that the final decision for the approval for a wind project lies with the 
government (MOIT). 
 
Solar power  
Following the ambitious target for solar power development set in the Revised PDP 7 (Decision 
428/2016/QD-TTg), the Prime Minister issued Decision No.11/2017/QD-TTg to approve Mechanism 
for encouragement of development of solar power in Vietnam. As per the Decision, solar projects are 
also offered incentives in terms of funding and tax reductions. However, the main incentive mechanism 
is FiT for a period of 20 years for solar projects with the commercial operation date (COD) before 30 
June 2019 (Table 3.1). The terms of financing are specified as follows: 

• EVN as electricity buyer shall purchase all electricity generated from the grid-connected 
projects at FiT of VND 2.086/kWh (9.35 $cents/kWh) at the electricity delivery points according 
to the exchange rate of VND 22 316/USD announced on 10/04/2017 by the State Bank of 
Vietnam. The FiT shall be subject to fluctuations of VND-USD exchange rate. This tariff shall be 
applied only for the grid-connected projects with solar cell efficiency of more than 16% or with 
module of over 15%.  

• The adjustment of FIT subject to fluctuations of VND-USD exchange rate shall be executed 
according to sample power purchase agreement (SPPA) issued by MOIT.  

• Solar roof-mounted projects shall benefit from the net-metering mechanism by using two-way 
electricity meters. In a payment cycle, if the generated electricity is bigger than consumption, it 
must be transferred to subsequent payment cycle. At the end of the year or when the PPA is 
terminated, surplus generated electricity can be sold to the electricity buyer at above FiT tariff.  

 
In addition to the above, in 2019, the Prime Minister issued Decision No. 02/2019/QD-TTg, 08-Jan-19, 
on Amending and supplementing some articles of Decision No. 11/2017/QD-TTg revising the net 
metering mechanism for solar rooftop projects. As per the Decision, rooftop power projects are allowed 
to separately apply electricity transaction mechanism based on input and output of the two-way 
electricity meter (Gross-metering mechanism). Electricity seller shall pay for the amount of electricity 
received from the grid in accordance with the current regulations. Electricity buyer shall pay for the 
electricity fed into the grid from rooftop projects at electricity purchase price at above FiT tariff.  
According to this new solar rooftop FiT tax mechanism, VAT is paid for each kWh withdrawn from or 
fed into the grid. During night time, the consumption is charged 10% VAT whereas, during daytime, a 
different tax rate is paid for the volume generated from rooftop PV, excluding the share that was self-
consumed. Furthermore, the Circulars No. 16/2017/TT-BCT and No. 05/2019/TT-BCT issued by the 
MOIT provide instructions for project development and sample power purchase agreements applied to 
solar power projects.  
 
Similar to the updated incentives for wind power projects, relatively high solar FiT produced a booming 
solar generation industry in the country with several thousand MW of installed capacity. 
 

Table 3.1. Summary of existing supporting mechanisms for wind and solar projects. 

Generation 
sources 

Operation Tariff Electricity sale price 

Wind power Electricity 
production 

FIT for 20 years 

COD 01/11/2021 

8.5 $cents/kWh (onshore) 

9.8 $cents/kWh (offshore) 

Solar power Grid-connected 
generation 

FIT for 20 years;  9.35 $cents/kWh 

 
9 USD 1 ~ VND 22.683 
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Generation 
sources 

Operation Tariff Electricity sale price 

COD before 
30/06/2019 

 
In addition, as rooftop solar market is growing, some companies started offering special schemes to 
customers investing in solar PV. For instance, along with a number of strategic partners, EVNFinance 
offers a leasing service of solar PV panels. Under a so-called EasySolar scheme a customer can qualify 
for financing to invest in a rooftop PV and inverter whereas EVNFinance provides a rooftop lease and its 
partners offer inspection, installation and O&M services [22]. A customer signs a PPA with EVN for 20 
years and obtains a grid connection permit as part of the scheme. As a result, PV owners can obtain a 
stable income from electricity sales and increase their property value. On the other hand, commercial 
and industrial customers with large rooftop areas can lease their rooftops as part of the scheme and 
obtain rooftop rents for a period of 15 to 20 years [22].  

Regulation of power system operation: Transmission Grid Code and Distribution Code for 
RES integration 
 
In parallel with the incentive mechanisms to promote and speed up the development of renewable 
energy in Viet Nam, MOIT issued the Transmission Grid Code (Circular No. 25/2016/TT-BCT 30-Nov-
16) and the Distribution Code (Circular No. 39/2015/TT-BCT 318-Nov-15).  
 
The Grid Code and Distribution Code include instructions on performance standards, network planning, 
operation and performance indicators. Upper and lower limits of system frequency are defined in Article 
19 of the Grid Code whereas the requirements for plant operators are listed in Article 53. ERAV 
establishes annual grid reliability standards in terms of MWh of unserved energy per year in 
consultation with the transmission network operator and the system operator (Article 22). Each 
unplanned event exceeding one minute must be declared.  
 
The roles of NPT as transmission network operator and those of the system operator (NLDC) according 
to the Code are juxtaposed in the table below. 
 

Table 3.2. Distribution of responsibilities between the transmission network operator and the system 
operator. 

NPT NLDC 

• Transmission network investment planning 

(Art. 77 of the Grid Code) 

• Support of the national Power Development Plan  

• Connection contracts 

• Responsibility for the network performance 

criteria with respect to system losses, voltage 

and frequency deviations, harmonics, fault 

clearance times, etc.  

• Conducts security constrained economic 

dispatch (Art. 92 of the Grid Code) 

• Planning of the outages ensuring reliable 

electricity supply for the next two years 

• System security assessment for the short 

and medium term assessing projected 

levels of load and active generation 

 
NPT is encouraged to invest into Smart Grids solutions in order to solve the technical challenges listed 
in the table as part of the support for the national Power Development Plan.  
 
Both NPT and NLDC must comply with the performance standards stipulated in the Transmission Grid 
Code. Among others, they shall propose preventive measures in order to minimize unplanned 
interruptions.  
 
The Transmission Grid Code 
The Code covers most aspects relating to the operation of power system: 

• Requirements for operation of the electricity transmission system: frequency, stabilization 
of electricity system, voltage, phase balance, harmonics, flicker perceptibility, voltage 
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fluctuation, neutral grounding, short-circuit current and fault clearing time, reliability of 
transmission grid, loss of power on transmission grid.  

• Load forecasting for national electricity system,  
• Transmission grid development plan.  
• Connection to the transmission grid: Connection point, requirements for connecting 

equipment, requirements for protective relay system, requirements for information system, 
requirements for connection of SCADA system, automatic frequency load shedding system, 
requirements of Control Center.  

• Responsibility of entities with regard to the operation of electricity transmission system: 
Responsibility of electricity system and market operator, responsibility of transmission 
network operator, responsibility of generating units, responsibility of electricity distribution 
units, electricity retailers.  

 
The both Codes include, among others technical requirements for renewable energy when connected to 
the transmission grid (220 and 500kV), including grid connection requirements. The Transmission Grid 
Code contains two articles (Article 42, Article 93) which regulate renewable energy grid integration. 
 
Article 42 is concerned with technical requirements of wind and solar power plants  
These must be capable of maintaining generation of active power within frequency band from 49 to 51 
Hz in either free generation mode or generating capacity control mode. 
 
Wind and solar power plants must be capable of adjusting generation of active power as commanded by 
the dispatch level in accordance with change of primary sources no more than 30 seconds with tolerance 
within ± 1 % of rated power in accordance with a dispatch instruction in case production from primary 
sources are equal or greater than their forecast value; or generation of possible maximum power in case 
primary sources are lower than their forecast value.  
 
In the normal operation mode, wind and solar power plants must be capable of generating active power 
and ensuring that no negative effect is caused by change of voltage at connection point within the 
permissible band. Wind and solar power plants must be further capable of maintaining generation of 
power for a minimum period of time in proportion to frequency band. When the electricity system’s 
frequency is greater than 51 Hz, wind and solar power plants must reduce active power at a speed no 
less than 1% of rated power. 
 
Concerning voltage control and reactive power, wind and solar power plants shall be capable of 
adjusting reactive power continuously in a power factor from 0.85 (corresponding to reactive power 
generation mode) to 0.95 (corresponding to reactive power receiving mode) at connection point in 
proportion to rate power in case a power plant generates an active power greater or equal to 20% of 
rated active power and voltage in normal operation band. 
 
If a power plant generates an active power less than 20% of rated power, such power plant may reduce 
ability to receive or generate reactive power in accordance with characteristics of the generating set. 
 
If voltage at connection point is within ± 10% of rated voltage, the power plant must be capable of 
adjusting voltage at connection point with deviation no more than ± 0.5% of rated voltage in permissible 
working band of the generating set 
 
If voltage at connection point varies beyond ± 10% of rated voltage, the power plant must be capable of 
adjusting reactive power to the minimum of 2% compared with rated reactive power in proportion to 
each per cent of voltage varying at connection point. Wind and solar power plants at every time of 
connection to the grid must be capable of maintaining generation of power in proportion to voltage 
range. 
 
With regard to harmonics, total distortion caused by wind, solar power plants at connection point is not 
allowed to exceed 03%. Flicker perceptibility caused by wind and solar power plants at connection point 
is not allowed to exceed the value prescribed in Article 9 herein.  
 
Article 93. Reserve capacity and electrical energy of electricity system  
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The electricity system and market operator (i.e. NLDC) is responsible for calculating and determining 
reserve capacity and electrical energy of the national electricity system during the calculation of 
ancillary services and assessment of electricity system security.  
 
Reserve capacity is defined as the difference between total forecast generating capacity available and 
the maximum forecast capacity of loads of electricity system. Optimal reserve capacity is reached when 
the marginal cost of shortage of electrical energy caused by the incident to power supplies, changes to 
primary fuel and sudden increase of loads is equal to the marginal cost of mobilizing quick-start reserve 
to make up for such shortage. 
 
It is also tasked with calculating reserve electrical energy. Appropriate reserve electrical energy is the 
optimal reserve electrical energy with account taken of changes of loads and generating set obligations 
in the electricity system;  
 
That generation capacity used to plan the available volumes for quick-start reserve includes registered 
generating capacity of generating sets of a power plant that has signed a long-term PPA. Failure rate of 
each generating set shall be determined based on statistical figures or calculations made by the 
electricity system and market operator for such generating sets. The value of lost load is calculated by 
the electricity system and market operator.  
 
For the provision of reserve energy the following provisions apply to the plan for mobilization of must-
run operation reserve to ensure electricity system security: 

• Registered capacity of generating sets of a thermal power plant that executes a long-term 
PPA or the contract for fast-start reserve service with corresponding failure rate;  

• Failure rate of each generating set shall be determined based on statistical figures or 
calculations made by the electricity system and market operator for such generating sets;  

• Forecast changes to electrical production of thermal power plants shall be based on past 
figures or actual hydrographical figures;  

• The cost of shortage of electrical energy shall be determined through probability and 
statistics in case the demand for loads is greater than total available capacity and value of 
lost load calculated by the electricity system and market operator.  

 
Finally, NLDC is in charge of calculating reserve electrical energy serving plans for temporary 
suspension and reduction of power supply and load shedding.  
 
The calculations listed above are subject to the approval of the Electricity Regulatory Authority for 
approval. 
 
The Distribution Code 
The Circular covers most aspects related to the distribution power system operation: 

• Technical requirements: frequency, stabilization of electricity system, voltage, phase 
balance, harmonics, voltage fluctuation, neutral grounding, short-circuit current and fault 
clearing time.  

• Reliability of supply, distribution losses  
• Customer service  
• Load forecasting  
• Distribution system development  
• Connection to distribution system  
• Requirements for SCADA systems  
• Maintenance schedule, operation schedule, load control, voltage control. 

 
Articles 40 and Article 41 of the Distribution Code are concerned with RES grid integration. 
 
Pursuant to Article 40, wind and solar power plants must be able to operate to the active capacity in the 
frequency range from 49 Hz to 51 Hz under one of the following modes:  
a) Free generation mode: generate power with the largest possible capacity according to the change of 
primary energy source (wind or solar).  
b) Control mode of generating capacity. 
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Wind and solar power plants must be able to operate the active capacity according to the order of the 
moderation level with the control rights in accordance with the change of primary energy source for a 
period not exceeding 30 seconds, and the error from ± 1% of rated capacity, similar to Art. 40 of the Grid 
Code. 
 
When the frequency of power system is greater than 51 Hz, wind and power plants must reduce their 
operating capacity at a rate of not less than 1% of rated capacity per second.  
 
Wind power plants and solar power plants connected to the distribution grid are further required to 
adjust reactive capacity and reactive voltage as follows:  

a) In case a power plant generates active capacity is greater than or equal to 20% of rated active 
capacity and voltage within the normal operating range, the power plant must be able to 
continuously adjust reactive capacity in the range of 0.95 (corresponding to the reactive 
power generating mode) to 0.95 (corresponding to the reactive capacity receiving mode) in 
connection point corresponding to the rated capacity);  

b) In case a power plant has active capacity less than 20% of rated capacity, the power plant 
can reduce the receiving or generating ability of reactive capacity in accordance with the 
characteristics of the machine assembly;  

c) In case, voltage in connection point is within ±10% of rated voltage, the power plant must 
be able to adjust voltage in connection point with error of not exceeding ± 0.5% of rated 
voltage (compared to the set voltage value) in the entire permissible working range of 
transmitter and completed within no more than 2 minutes;  

d) In case, voltage in connection point is out of the range of ±10% of rated voltage, the power 
plant must be able to generate or receive reactive capacity (in proportion to the rated 
reactive capacity) by at least 2 times the voltage changes in connection point.  

 
Wind and solar power plants that are at all times connected to the grid must be able to maintain the 
operation of electricity generation corresponding to the voltage range. The wind or solar power plants 
must ensure that they do not create the reverse phase sequence component in connection point 
exceeding 1% of rated voltage. The wind power plant, solar power plant must be able to withstand the 
reverse phase sequence component in connection point to 3% of rated voltage for 110 kV or to 5% rated 
voltage for voltage under 110 kV. 
 
Article 41 allows to connect solar rooftop power systems to low voltage grid subject to a number of 
requirements:  

• The total connection capacity of solar power system connected to low voltage of low voltage 
substation does not exceed 30% of setup capacity of this substation;  

• The solar power system with capacity of less than 3 kVA is connected to low voltage one-phase 
or three-phase grid;  

•  The solar power system with capacity between 3 kVA and 100 kVA (but not over 30% of setup 
capacity of connection low voltage substation) is allowed to connect to low voltage 3-phase grid.  

 
The solar power system is further required to maintain the operation of continuous electricity 
generation in the range of 49 Hz to 51 Hz. When frequency of electricity system is out of the range of 49 
Hz to 51 Hz, the solar power system must be able to maintain power generation for at least 0.2 seconds.  
 
The solar power system must be able to maintain the operation of continuous electricity generation 
when voltage in connection point in the range of 85% to 110% of rated voltage. When voltage in 
connection point is out of the range of 85% to 110% of rated voltage, the solar power system must be 
able to maintain power generation for at least 2 seconds. 
 
Finally, solar power system must be equipped with protective equipment to ensure the elimination of 
incidents and safe operation for solar power system. For solar power system with capacity from 10 kVA 
to above, customs who require connection must agree on the protection system with the electricity 
distribution units. 
 
Besides the Transmission Grid Code and Distribution Code, ERAV (under the Ministry of industry and 
trade of Vietnam (MOIT)) has issued the Decision No. 25/2019/QD-DTDL on testing and supervising 
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testing of power plants which connected to the national grid, this regulation includes the testing and 
supervision procedure for wind and solar power plants to ensure RE plant compliance with technical 
requirements set in the Codes.  
 
 
 
 
 
In sum, Viet Nam set up highly ambitious targets and showed a strong commitment to the development 
of renewable energy with the updated financial incentive mechanisms as well as with the instructions 
and technical requirements to speed up the deployment of renewable energy, especially wind and solar 
energy. However, fast-paced system penetration of renewables creates new challenges, such as 
congestion and frequently occurring danger of network overload.  
 
According to the IEA, countries face similar typical challenges as they transition towards higher shares 
of VRES in their systems (see Figure 3.4). 

 
Figure 3.4. Six phases of system transition to more shares of VRES (adapted from [1, p. 299]) 

 
Judging by the installed RES capacity in Viet Nam, the country is currently at Phase 2 where it is 
beginning to experience operational challenges. By 2030, it will transition to Phase 3 (share of VRES ca. 
20%, as per Revised PDPII (see Figure 3.3)) where it is likely to experience greater and more frequent 
differences between load and net load and more challenges related to RES forecasting. Furthermore, 
transmission grid expansion was not designed for large amounts of large-scale solar and wind farms. 
Construction time of new transmission lines and substations are much longer than building times of 
wind and solar projects making it difficult for power network development to catch up. For instance, so 
far there has been no regulation in Viet Nam concerning vRES forecasting or their responsibility for 
imbalances. Instead, this responsibility has been with the system and market operator. Neither are RES 
(besides hydropower plants) able to deliver ancillary services. This implies that other types of solutions 
are urgently needed.  
 
It becomes necessary not only to address present challenges but to ensure that the system is prepared 
for the future ones through a long-term strategy. The ability of extract and harvest system flexibility 
becomes of paramount importance and requires strategic adjustments of the regulatory framework, 
technical rules and economic incentives to secure a robust power supply and a reliable network over a 
longer term. The specific issues will be pinpointed in Chapter 4 (Task 3).  
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Task 2.2 Regulation of smart energy technologies deployment in Viet Nam 
 

Smart Grid policy 
 
The development of Smart Grids in Vietnam was for the first time addressed in 2012 under the Decision 
No 1670/QD-TTg on the Smart Grid Roadmap. The Roadmap set a general target for Smart Grids to 
improve system reliability through DSM and energy efficiency measures. With the help of advanced 
Smart Grid technologies the plan envisages to improve grid reliability and power supply, enhance 
demand-side management and thereby reduce the need or defer network investment and encourage a 
more system-efficient integration of RES and other technologies.  
 

Regulation related to the development of Smart Grids in Viet Nam 

Decision No 1670/QD-TTg 2012 Smart Grid Roadmap 

Notification No 79/TB-VPCP 2014 Notification of Mr Hoang Trung Hai – Deputy Prime 
minister on the national Smart Grid development 
program implementation by the Government Office 

Circulars No 40/2014/TT-
BCT, No 28/2014/TT-BCT, No 
44/2014/TT-BCT, 

2014 On National Power System Dispatch, Switching and 
Fault Clearance Procedures supplementing some 
content related to Tele-control center and remote 
switching 

Decision No 1047/QD-BCT 2016 Approval of evaluation criteria for electricity 
development: Monitoring and valuation of power 
quality, power supply services, technical indicators, 
labor productivity and modernization of power 
system through KPIs 

Approval No 1437/QD-BCD 2016 Work Plan of the National Smart Grid Development 
Program 

Decision 4602/QD-BCT 2016 Approval of the overall development of Smart Grids in 
Viet Nam. 

 
The Roadmap defines specific expected outputs:  

i) Development of legal document to implement Smart Grids,  

ii) application of Supervisory Control And Data Acquisition (SCADA) system, 

iii) increase of SAIFI and SAIDI indexes,  

iv) increase of labour productivity by the installation of automation and remote control 

equipment  

v) improvement of load demand forecasting and power supply planning  

vi) application of advanced metering infrastructure (AMI)  

vii) reduction of power losses  

viii) application of smart technology for RES integration  

ix) encouraging R&D and manufacturing smart devices for Smart Grids and   

x) informing consumers of electricity consumption and electricity cost to the customers.  

 
Decision 1670/QD-TTg of November 8, 2012: 
The programme is divided into three phases: 
▪ Phase 1 in 2012 – 2016 is focused on improvement of power system operation, pilot 

projects, legal regulation development, technical regulation development, and public 
communication; 

▪ Phase 2 in 2017 – 2022 is focused on continuous improvement of power system operation 
and IT & telecommunication infrastructure development especially in the distribution grid, 
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application of smart grid, legal regulation development, technical regulation development 
and public communication; 

▪ Phase 3 in 2022 and beyond on continuous IT & telecommunication infrastructure 
development, application of Smart Grid, and legal regulation development. 

 
The specific tasks are listed in more detail in Figure 3.5.  
 
A number of additional regulatory documents bear references issues underlying Smart Grid 
development. In 2014, several Circulars, No 40/2014/TT-BCT, No 44/2014/TT-BCT and No 
24/2014/TT-BCT provided the basis for the dispatching procedure, switching and incident clearing, 
adding the legal basis for the formation of the Remote Control Center.  
 
Remote electricity metering and data collection were addressed in 2015 with Circular No 42/2015/TT-
BCT, laying foundation for smart meter implementation in Viet Nam.  
 
The transmission and distribution codes formalized in Circulars No 39/2015/TT/BCT and 
25/2016/TT-BCT, described in the previous section, covered such issues relevant to the 
implementation of Smart Grids as technical requirements for RES connection and the formation of a 
Remote Control Center for an aggregated group of power plants.  
 
Finally, in 2016, MOIT approved the national SG development masterplan to implement the Smart Grid 
program, Decision No 4602/QD-BCT (“Smart Grid Masterplan”). Additionally, in 2018 the Decision No 
279/QD-TTg, which address the national demand side management (DSM) programme in 2018-2020 
period with outlook to 2030 was reinforcing the previous initiatives. 
 
The Smart Grid Masterplan outlines specific objectives such as: 
 
The Smart Grid Masterplan has four specific objectives articulated under three component schemes 
[23]:  
▪ Construction of a Supervisory Control and Data Acquisition (SCADA) system to control and 

protect the electricity system, switch remotely power plants, and substations to ensure security, 
safety and reliability of the electric service.  
 

▪ Deployment of Control Centers to control remotely the equipment of the National Power 
Transmission Corporation and Vietnam Electricity Corporation to maximize the effectiveness 
of SCADA systems and telecommunication systems. This will allow to move from models with 
on-site operators to models of indirect operators to increase labour productivity, efficiency of 
grid operation and reliability of power supply. 
 

▪ Modernize metering infrastructure, improve labor productivity, increase efficiency of electricity 
generation and business, minimize human errors and improve customer service to develop an 
electricity market without putting pressure on electricity prices. 
 

▪ Ensure the effectiveness of investment and technology deployment to guarantee the 
requirements on safety and national security in the management and operation of the national 
electric system  
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Figure 3.5. Viet Nam’s Smart Grid development program 
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The masterplan includes three schemes to ensure the improvement of the production, business 
efficiency and labor productivity in the period of 2016-2020 of the Vietnam Electricity Corporation: 
 

Frist scheme deals with research and development of a SCADA system in Vietnam electricity system to 
ensure that in 2020:  

▪ Complete deployment of SCADA systems for Dispatch Centers to maximize utilization of the 
existing infrastructure. SCADA systems must be linked, decentralized and shared data to 
ensure reliable operation and modernization of national electricity system especially when 
the establishment of control centers, 

▪ Power plants, substations, control centers in electricity systems must be invested and 
equipped with full RTU/Gateway terminals,  

▪ Ensure 100% of power plants have installed capacity of over 30 MW and 500 - 220 kV 
transformer stations have SCADA connection and full SCADA signal for operation and 100% 
110 kV transformer stations, power plants with installed capacity 10 - 30 MW have SCADA 
connection, and 90% SCADA signals for operation  

▪ Ensure that EMS and DMS in SCADA system at all network levels  
▪ Ensure a reliable operation and provide transmission channels: 100% of 30 MW or higher 

power plants and 500-220kV substations are connected by two independent optical 
transmission lines, 100% of 110 kV substations are connected by optical cable to Control 
Center or Moderation Center and 90% of district electricity units are connected by optical 
cable to the private telecommunication system.  

The second scheme is related to studying the organization model of remote switching control centers 
for electricity grid of National Power Transmission Corporation and Vietnam Electricity Corporation:  

▪ Invest and deploy Control Centers to operate, switch and control the equipment in the 
transmission and distribution grid. This includes modelling of a transmission grid control 
system and a distribution grid control center. 

▪ Control and automation of substations and equipment of electricity grid and substations to 
allow in-direct or non-direct operators.  

▪ In 2020, 60% of 220 kV substations and 100% of 110 kV substations under the National 
Power Transmission Corporation and Vietnam Electricity Corporation should operate with 
non-direct operators.  

The third scheme on researching and developing electronic meters and remote collection of 
measurement data:  

▪ At the end of 2017, invest and complete the measurement system and remote collection 
system of measurement data. At the end of 2020, installation of electronic meters and 
remote collection system of measurement data for about 50% customers.  

▪ Complete electricity measurement system and remote collection of measurement data. 
▪ Establish a specific plan to modernize the measurement infrastructure to ensure that i) cost 

of electricity is not too high compared with installing mechanical meters, ii) standards, 
quality of electronic meters and remote collection system of measurement data; (iii) 
Reliability, accuracy and security of measurement data; (iv) Investment efficiency and 
improvement of labour productivity; (v) Improving customs service. 

▪ Study the ways to apply electronic meters to customers to widely use time-of-use (ToU) 
electricity tariffs over time.  

 

DSM and DR 
 
Viet Nam already has a number of specific plans, programs and objectives to implement DSM solutions, 
summarized in the decisions and circulars in the table below. 
 

Regulation concerning demand response and demand-side management 

Circular No 23/2017/TT-BCT 2017 Regulation on the content and implementation 
procedure of demand response program 
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Regulation concerning demand response and demand-side management 

Circular No 19/2017/ TT-BCT 2017 Regulation on content, sequence and procedure of 
load research 

Decision No 279/2018/QD-TTg 2018 The national DSM Program in 2018-2020 period 
with outlook to 2030 

Decision No 175/2019/QD-BCT 2019 Roadmap and implementation plan of Demand 
Response program 

 
So far, the most successful program implemented in Viet Nam thus far is the ToU program. The ToU 
program had a positive impact as it increasingly contributes to the leveling of the load profile. The rate 
of commercial and industrial electricity consumption at off-peak hours and normal hours increases 
faster than peak hours. Load factor after the implementation of ToU tariff has significantly improved 
from 0.78 in 2007 to 0.86 in 2015.  
 
Despite the existence of the DSM program and a number of pilot DSM/DR programs, these have faced 
issues or challenges: 
▪ Evaluation tools: There is no clear regulation to evaluate and determine the results and 

effectiveness of each and overall DSM / DR programs.  
▪ Incentive mechanisms: Demand Response programs are either undefined or are regulated by 

authorized state agencies, especially with Demand Response programs which uses Direct 
Incentive mechanisms.  

▪ Marginal customer participation: Some pilot programs were implemented but these 
incentives not enough to encourage customer participated in.  

 
National DSM programme 
In 2018, the National DSM program was approved in Decision No 279/2018/QD-TTg. This program 
reinforces the previous Smart Grid initiatives by supporting 

i) implementation of DSM initiatives  
ii) reduction of national power peak load and  
iii) smart end-user transition [23].  

 
Specifically, this program aims to reduce peak load capacity of national power system (compared with 
load demand forecast in the Revised PDP VII) in 300 MW by 2020, 1 000 MW by 2025 and 2 000 MW 
by 2030, and to increase load factor of the national power system in 1 to 2% from 2018 to 2020 and 3 
to 4% from 2021 to 2030 [24]. 
 
The three main pillars of the National DSM program include: 

1. Develop and deploy the legal framework to implement National Program on DSM 
2. Enhance the awareness of the society, customers (especially residential customers) to 

participate 
3. Deploy programs for DSM and DR implementation 

Some activities under the DSM program relating to Smart Grids include demand response (DR), ToU, 
DSM/DR Aggregator, rooftop solar PV, solar water heater (SWH), CFL/LED lighting, efficiency air 
condition, automatic meter reading (AMR), and AMI. This will require a synchronization of scientific and 
technological solutions for DSM and energy efficiency and alignment with Smart Grids goals. 
 
Pillar 1: Development of a legal framework to implement DSM program  
Within this pillar it is envisaged to develop a basic policy framework for implementing the National DSM 
Program. This requires policy mechanisms, financial and incentive mechanisms to implement DR 
Program as well as regulations on management and implementation, supervision and evaluation of 
DSM/DR programs. For instance, the ToU mechanism can be applied to each customer group, 
region/season, expanding to resident customers. Last but not least, a successful implementation of a DR 
program requires legal provisions for establishing DSM/DR Aggregator.  
 
Pillar 2: Raising awareness of society, customers and power units  
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Under this pillar, it is intended to synchronously develop and implement programs to promote and 
enhance community education about the content and benefits of DSM. For this, appropriate information 
and communication facilities must be applied to increase awareness for customers, electricity units and 
society. To successfully raise awareness, collaboration among ministries is of great importance. 
Collaboration with the Ministry of Education and Training shall help to develop training programs and 
materials on the content and benefits of DSM (suitable for training levels and students) for reference. On 
the other hand, collaboration with the Ministry of Information and Communication is necessary to 
implement communication programs to raise the awareness of society, customers and electricity units 
in terms of content and benefits of DSM.  
 
Pillar 3: Implementing DSM/DR programs  
In order to efficiently implement DSM/DR programs load research and improved load forecasting are 
planned to be promoted among power corporations. Besides, the potential and designing DSM programs 
where customers participate voluntarily and proactively shall be evaluated. The ToU program is 
expected to be further implemented in the future whereas additional methods and mechanisms for 
flexible implementation in other customer groups, regions and seasons, expanding to resident 
customers, shall be designed. 
 
Finally, the Decision set as a goal the development of a roadmap and plan to implement the DR Program 
aligned with policy mechanisms and Vietnam power system situation. This goal was implemented in 
2019 in the Decision No 175/2019/QD-BCT.  
 
Financial Solution  
The National DSM program foresees that, in the period of 2018-2020, a financial mechanism, an 
electricity price mechanism, and an incentive mechanism towards the costs of DSM/DR program will be 
included in production and business costs of PCs. MOIT and the Ministry of Finance (MOF) are tasked 
with managing and closely monitoring the implementation of financial mechanisms. 
 
It is planned to take advantage of funding sources from local and international organizations as well as 
individuals and use the contributed capital of power companies and enterprises. Power units and PCs 
shall be encouraged to proactively implement DSM programs through funds and EE programs or R&D.  
 
With regard to investment, training, capacity building and international cooperation solutions, 
the Program includes a number of steps:  

• Training, improving capacity, especially for staffs/departments that directly manage and 
implement DSM Program.  

• Implementing communication and education activities to raise public awareness about DSM.  
• Step by step equipping modern infrastructure systems such as AMI, solar rooftop, energy 

storage ... to optimize customer participation in DSM/DR programs.  
• Science and technology application need to be implemented synchronously with Smart Grid 

program in Vietnam.  
• Promote international cooperation, take advantage of resources from international 

organizations to implement technical assistance projects, pilot programs to develop and 
fully complete the legal framework.  

 
For the implementation, MOIT is the main coordinating body whereas EVN and affiliated entities are 
tasked with the implementation. Related Ministries and agencies, especially the MOF, are expected to 
coordinate the development of the legal framework. Provincial People's Committee is tasked with 
developing plans, allocating resources as well as with inspection and supervision.  
 
Roadmap and implementation plan of Demand Response Program  
The plan was issues in 2019 under Decision No 175/2019/QD-BCT as the central part of the National 
DSM program. Its main objectives include peak load reduction (by 90 MW in 2020, 300 MW in 2025 and 
600 MW in 2030), contribution of DR in the provision of ancillary services and in improving load factor 
of national and regional power systems. Over a longer term, a DR program is expected to contribute to 
reducing transmission losses on the North-Central-South transmission grid. After 2020, voluntary and 
active participation of different type of customers shall be implemented in order to transition from 
traditional electricity consumption to smart customers.  
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The multiple ways in which the three pillars described in the National DSM Program shall be 
implemented under the DR program prior to and after 2020 are illustrated in Figure 3.6.  
 

 
Figure 3.6. Implementation of the DR program prior to and after 2020. 

 
Besides the National DSM Program, Ministry of Industry and Trade issued Circular No. 23/2017/TT-
BCT on the content and implementing procedure of the demand response program, which includes four 
main Demand Response programs (Figure 3.7). EVN is advised to propose any other program (if 
applicable). 
 
Additionally, the MOIT also issued Circular No. 19/2017/TT-BCT to regulate on content, sequence and 
procedure of load research. This Circular will support the DSM program, especially the Demand 
Response Program. Load research consists of the following tasks:  

• Design and select load samples.  
• Collect, correct the energy consumption data of load sample.  
• Develop load profiles of load groups and load sectors.  
• Forecast load profiles.  
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Figure 3.7. Demand response programs, according to Circular No. 23/2017/TT-BCT. 

 
As shown above, Viet Nam has set up a roadmap, a detailed program and targets for DSM with a special 
focus of DR, yet, they still contain a number of gaps that must be addressed in order to effectively 
implement DSM programs, as will be discussed in Chapter 4 (Task 3). 
 
 

Existing incentives and subsidies for smart energy technologies  
 
At present, incentive mechanisms provided by RE power plants or energy storage systems for DSM, DR 
or ancillary services are being evaluated. Yet, besides the DSM and DR program that set the direction for 
the future developments, there is no specific regulation.The assessment has so far been limited to small-
scale pilot projects conducted for DR and DSM, for instance for the use of ToU tariffs.  
 
Neither are storage systems, VPP approaches and demand aggregation covered in the regulatory 
framework of Viet Nam.  
 

 

Ancillary services 
 
The main document regulating the provision of ancillary services in Viet Nam is Circular No 
46/2018/TT-BCT on ancillary service pricing that was issued in 2018 and entered into force January 
1st, 2019. 
 
According to the Circular, six types of ancillary services are used by the network operator (NPT) for 
secure grid operation in Viet Nam (Art. 1): 

1) Fast start-up service 

2) Must-run generation services 

3) Spinning reserve 

4) Frequency control service 

5) Voltage regulation 

6) Black start. 

 
So-called ancillary service providers are operators of power plants listed by EVN that are remunerated 
differently for the services enumerated above: 

• For fast-start-up service and regular must-run generation, providers are remunerated in a 
cost-based manner. Thereby the payment consists of the fixed cost, the variable cost and the 
start-up price (Art. 3). Only thermal power plants are eligible to provide these services.  

• EVN’s hydropower plants are considered providers of frequency control and of spinning 
reserve that are remunerated according to “reasonable and valid actual costs”, based on the 
fixed annual income callused according to Art. 5 of the Circular. These services may also be 
provided by other power plants that additionally participate in the electricity market. The 
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revenue of the latter are regulated according to the Regulation on operation of competitive 
electricity market issued by the MOIT.  

• Remuneration of EVN’s hydropower plants for voltage regulation service and black-start 
service procured is calculated similar to the frequency control and spinning reserve services.   

• Remuneration of voltage regulation and black start service from must-run generation service 
of gas turbine power plants is negotiated bilaterally between their operators and EVN as 
part of the contract for the provision of ancillary service and consists of fuel cost, operational 
cost and variable maintenance cost. 

 
Ancillary services price is calculated on an annual basis (Art. 5).  
 
EVN incurs high costs for ancillary services as a result of frequent grid imbalances: if the requirements 
for the spinning reserve previously was 300 MW now it is increased to 1 500 MW. If the total installed 
capacity in Viet Nam of about 40 000 MW is considered and compared to approximately 4 500 MW vRES 
approved, it follows that about 10% of the generation mix is linked to high production uncertainties. 
 
Circular No 40/2014/TT-BCT stipulating the procedure for dispatching of the national power system 
addresses the rules of dispatching power generating units and their hierarchy as well as the power 
system operation in real time by the national power system dispatching unit (NLDC). According to the 
Circular, the dispatching process is subdivided into three levels(Arts. 5-6), national, regional and 
distribution dispatching levels for control and inspection of frequency, voltage, power network and its 
equipment as well as generation units on the corresponding voltage levels (Arts. 11, 12 and 14). Art. 30 
of the Circular obliges power generating units, among others, to “comply with operation mode and 
dispatching instructions of dispatching level with its control authority”. Yet, congestion management as 
part of the ancillary services has not been included in the Codes or in Circulars No 46/2018/TT-BCT and 
40/2014/TT-BCT. Yet, the current situation shows that frequently occurring congestions are one of the 
main concerns of the system operator.  
 
According to the 2019 data reported by NLDC, 9 grid clusters have been overloaded in 2019 and more 
overload is expected in 2020, judging by the volumes of approved capacity illustrated in Figure 3.8. 
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Figure 3.8. Congestion issues in the transmission network resulting from growing approved RES 
capacities (Source: NLDC, 2019 [21]) 

 
The highest volumes of solar power projects are concentrated around the Southeast coast of the country 
(Binh Thuan, Ninh Thuan, Phu Yen, Binh Dinh) with few exceptions. Additionally, most wind parks are 
located in the same provinces by the coast and in the very South of the country [21]. 
 
NDLC therefore emphasizes the need to equip RES installations with curtailment functionalities to be 
able to efficiently respond to grid stress situations. The seriousness of the congestion issue is aggravated 
by a highly meshed network, which can severely affect system frequency and in the worst case can cause 
cascading effects.  
 
Due to RES forecast errors, NLDC estimated that approx. 1 700 MW of spinning reserves (for upward 
and downward regulation) will be necessary in 2025 whereas the spinning reserve requirement will 
increase to approx. 4 500 MW already in 2030 [21]. As a result, there is an urgent need for improved 
forecasting tools and other mechanisms to improve system preparedness to RES schedule deviations. 
Since 2018, NLDC has been engaged in building a centralized forecasting tool for RES [21], that would 
include a weather prediction model feeding into the RES forecast of service providers and RES plant data 
obtained from plant operators. These inputs will be used to steer real-time operations and planning 
outages and the obtained data will be used for post-operative analysis to calculate forecast errors. Before 
a RES plant’s entry in operation (COD) it is planned to conduct a compliance test for frequency response, 
voltage control, reactive capability, power quality and AGC connection [21]. 
 
The costs of balancing, congestion management and grid losses are part of the transmission and 
distribution costs. All these costs are paid by the consumer as part of the retail electricity price. The 
retail prices are regulated by the government. EVN calculates the costs including all transmission and 
distribution costs and submits these to ERAV for consideration, which are then passed to the 
government for final approval.  
 
Industrial, commercial and residential customers have different tariff types. In the last 10 years the retail 
prices more than doubled. The revision of retail prices is conducted every year on average, although 
mostly ad hoc, upon the request from EVN as the costs of grid operation and management rise. 
 
 

Grid interconnection 
 
Pursuant to Decree No 137/2013/ND-CP, Article 22, the Prime Minister ultimately must authorize 
proposals the purchase or sale of electricity from other countries over 220 kV national grid. There is no 
established standard arrangement for cooperation with the neighboring countries.  
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Task 2.3. Technical standards for smart energy technologies in Viet Nam 
 

Viet Nam’s metering system 
Metering system standards  
 

Relevant regulation   

Circular No 27/2009 / TT-BCT 2009  

Circular N. 42/2015 / TT-BCT 2015  

Document No 03/VBHN-BCT 
(Consolidated Circulars No 27/2009 
/ TT-BCT and No 42/2015 / TT-BCT 

2015 Metering code 

Decision No 55/QD-DTDL 2018 The process of collecting, checking, time 
synchronization and estimating boundary 
measurement data of Distribution Power 
Corporations for VWEM in 2018 

 
The Circulars apply to the generating organization and other organizations providing services related 
to the power metering in the competitive generation market:  

• Generating organizations involved in the competitive generation market and generation 
organizations owning BOT power plant.  

• Electricity system and market operating organization.  
• Electricity trading company  
• Organizations owning and operating power transmission grid.  
• Organizations owning and operating power distribution grid.  
• Organizations providing services related to metering system.  

 
Document No. 03/VBHN-BCT (Consolidated Circular No. 27/2009 / TT-BCT and Circular No. 
42/2015 / TT-BCT) stipulates general responsibility of units in power measurement as well as general 
requirements of the measurement system  
 
Requirements for the metering system  
The main metering system was installed at the measuring location, to determine the exact, full count 
measure of power purchase and eliminate factors affecting measurement results by structural circuit 
within the power system as a basis for calculating the main service, payment of electricity through 
connection points. It is complemented with a backup metering system. 
 
AMI standards apply in Vietnam  
There is no Advanced Metering Infrastructure (AMI) system in Vietnam.  
 
Electronic meter and Metering Data Management System (MDMS)  
To apply scientific and technological advances and information technologies to equip and complete the 
metering systems and MDMS at the boundaries of power sector entities to serve the power system 
operation and competitive electricity market.  
 
It is planned to elaborate specific plans, determine the scope and priority order in order to progressively 
modernize the measuring infrastructure and equip customers with the electronic meter and the MDMS: 

i Ensure that the costs are not too high compared to the installation of mechanical meters, 
without putting pressure on the electricity price;  

ii Ensuring standards and quality of electronic meters and remote data collection systems;  
iii Ensure reliable, accurate, secure data security;  
iv Ensure investment efficiency and improve labor productivity;  
v Improving the quality of customer service.  
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More specifically, by the end of 2017, it was planned to invest and complete the Automatic Meter 
Reading (AMR) system at the points for management, production of power entities and planned to 
complete by 2020 the installation of electronic meters and AMR for about 50% of customers.  
 
Further plans included research on the lease of electronic meters to apply to customers (including 
resident customers) for a wide application of the time of use (ToU) tariff and to develop a plan and 
roadmap for Advanced Metering Infrastructure (AMI) in line with the Smart Grid roadmap in Vietnam 
approved by the Prime Minister. Decision No. 1670 / QD-TTg dated November 8, 2012. 
 
In sum, the current regulations mainly perform meters for the payment purpose. Electronic meters are 
just considered but there are no regulations of smart meters for applications in AMI and DSM systems. 
There is currently no regulation of the AMI system.  
 

Innovative grid operation 
 

Relevant regulation   

Decision No 2760/QD-BCT 2016 Approval for IT infrastructure conceptual design 
for VWEM power market operation and 
monitoring 

Decision No 55/QD-DTDL 2017 Technical specifications and operation 
management of SCADA system 

Decision No 25/2019/QD-DTDL 2019 Testing and supervising testing of power plants 
connected to the national grid 

 
Switching centers  
The Switching centers are expected to be built at NPT and power corporations (PCs) in order to make a 
full use of the existing infrastructure system. The plan includes a gradual study, investment, and 
deployment the switching centers for operation, remote control of electrical equipment in the 
transmission grid and distribution grids, which should ensuring safety in operation of the power system, 
improve the reliability and quality of power supply, increase production efficiency and management 
operation.  
 
At NPT, it is planned to study and select an existing substation or a new substation to perform remote 
control of a group of substations in the area; operators at the Switching Centers carry out remote 
operation of the equipment under the instructions of relevant load dispatch center.  
 
Switching centers at the distribution grid level can be located in the control room of PCs or at the high 
voltage company under PCs to carry out remote operation of the equipment under the instructions of 
the relevant load dispatch center. 
  
In parallel with the establishment of Switching centers, it is envisaged to research and apply technology 
in control, automation of subtations and grid equipment to transition from manned to un-manned 
substations.  The plan sets an ambitious target for 2020 to achieve that 60% of the 220 kV substations 
and 100% of the 110 kV substation become unmanned and operating safely, reliably and effectively the 
220 kV and 110 kV substations in the national power system.  
 

SCADA standards in Vietnam  
On 2017-08-22, ERAV issued Decision No. 55/QD-DTDL on technical specifications and operation 
management of SCADA system. According to the decision, some SCADA standards applicable in Vietnam 
are concerned with interface for connecting channels. 
 
Specifically, SCADA data transmission channel includes the following basic connection interfaces:  

• 4W interface according to ITU-T Rec standard. G.712.  
• V.24 or RS232 interface according to ITU-T Rec standard. V.24.  
• Ethernet interface according to IEEE 802.3 standard  
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Decision No. 55/QD-DTDL stipulates technical specifications and operation management of SCADA 
system, including:  

• Technical specifications of SCADA/EMS and SCADA/DMS systems (structure, scope of 
application and configuration) o SCADA/EMS system’s structure  

• Technical specifications of channel system and communication protocol (e.g. data channel 
speed, channel connection interface, communication protocol)  

• Technical specifications of RTU/GATEWAY terminal  
• Technical specifications of the converter (power system connection, signal connection, 

connection registration, etc.) 
• SCADA system connection registration with power plant, substation  
• SCADA connection registration for improved or extended power plant, substation  
• Point-to-point and end-to-end acceptance inspection content, etc.  

 
Decision No. 25/2019/QD-DTDL stipulates testing and supervising testing of RE power plants 
connected to the national grid through SCADA, AGC, FRS/PQ/PMU connection tests.  
 
Connecting information between central SCADA system, Control Center, RTU / Gateway terminal at 
power station or power station and switchgear with SCADA signal connection on standard use grid IEC 
60870-5-104 communication for new power plants or power stations and control centers. For existing 
power plants or substations, the Control Center, depending on the availability of the transmission 
system, IEC 60870-5-101 or IEC 60870-5-104 can be used. 
 
Control centers, RTU / Gateway terminals at power plants or power stations and switchgear with SCADA 
signals on the new additional power grid must be compatible with the standard communication 
protocols defined in the Decision. Where there is a change in communication protocol between the 
central SCADA system of the Controlled Level with Control Centers or RTU / Gateway terminals at the 
power plant or power station, Level The control is responsible for pre-negotiating with the Operator to 
adjust, ensuring that the central SCADA system, Control Center and RTU / Gateway terminal are 
compatible with the new communication protocol. Based on operational needs, newly equipped RTU / 
Gateway terminals at power plants or power stations can be added with features to support 
communication protocols to connect to electronic devices. Smart and other monitoring devices on the 
electrical system.  
 
 
SCADA/EMS and SCADA/DMS system  
It is planned to invest, build and upgrade SCADA/EMS, SCADA/DMS systems at the National Load 
Dispatch Centre (NLDC), Regional Load Dispatch Centres (RLDCs), Distribution Power Coporations 
(PCs) and Provincial Power Companies (PPCs) with the following objectives:  

1) By 2020, strive to invest, equip and fully complete the SCADA/EMS, SCADA/DMS systems for 
NLDC, RLDCs, PCs and some PPCs. SCADA/EMS, SCADA/DMS systems must be linked, 
authorized and shared to ensure adequate information and data for safe and reliable operation 
of the national power system; The SCADA/EMS, SCADA/DMS systems have to be able to 
integrate and connect properly with Switching Centres.  

2) Power plants, substations, Switching Centres must be fully equipped with RTU/Gateway, 
telecommunication system to ensure full connection to SCADA/EMS/DSM of Load Dispatch 
Centres and Switching Centres in accordance with Grid Codes and Distribution Codes.  

3) Implement comprehensive solutions on infrastructure investment, technical management, 
operation management and human resource training to ensure full connectivity of SCADA 
signals from power plants and Substations; Ensuring stable and reliable signal quantity and 
quality for SCADA/EMS, SCADA/DMS at Control Centres.  

4) Gradually implement the functions of EMS system, DMS system in SCADA system at various 
levels, especially real-time applications to ensure stable, safe and reliable operation of the 
national power system, improve the quality of power supply such as power flow study, fault 
analysis, optimal power flow, automatic generation control, load forecast.  

 
By 2020, the percentage of power plants and stations that to be connected and fully operational SCADA 
signals are expected to be achieved is: 
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i) 100% of power plants with installed capacity of over 30 MW; 500 kV, 220 kV substations 
are connected and fully SCADA-compliant;  

ii) 100% of the 110 kV substations are connected by optical fiber to the Switching Centres or 
Load Dispatch Centres and power plants with installed capacity from 10 MW to 30 MW with 
SCADA system connectivity and 90% of SCADA signaling for operation.  

iii) 90% of district power companies is connected by fiber to private telecommunication 
systems.  

 
In 2012, the Prime Minister approved the Smart Grid roadmap in Viet Nam. Later, in 2016, MOIT 
approved a comprehensive Smart Grid development program in Vietnam. From the technical 
perspective, Smart Grid developments in Viet Nam are mainly focused on the following areas:  

• SCADA/EMS/DMS system and switching center:  
NLDC and RLDCs must be equipped with SCADA/EMS systems whereas NPT and PCs must 
conduct research and set upSCADA/DMS systems or a switching center. Dispatch rooms of 
provincial power units must be equipped with mini-SCADA, SCADA/DMS systems or switching 
center. 110 kV, 220 kV, 500 kV substations must be equipped with SAS systems and gradually 
switch from manned substations into unmanned substations. Finally, power plants must be 
equipped with DCS systems. SAS, DCS systems shall be connected with SCADA/EMS/DMS 
systems in accordance with international standards.  

• Electronic meter and Metering Data Management System (MDMS): 
Electronic meters will gradually replace with mechanical meters and will be remotely 
connected to the PCs’ MDMS system. PCs’ MDMS system that collects the measuring data 
provides data for PCs’ work operation, management and underlies to make payment among the 
parties  

• Communication system shall apply Fiber optic for connection among systems.  
 
 
SCADA/EMS/DMS system is one of the most important components in the smart grid in Viet Nam. The 
current regulations have clearly stipulated, among others, the requirements for SCADA/EMS system in 
dispatch centres: hardware, software, necessary functions and applications; the requirement of channel 
system and communication protocol; technical specifications for RTU/Gateway terminal in substations, 
power plants; the list of SCADA signals for substations, power plants, thermal power plants; the 
regulation of connection, point-to-point inspection in power plant/substation, end-to-end test for 
dispatch centres, remote control inspection, and individual inspection and connection regulation for RE  

  
As a result, it is found that the current regulation of SCADA/EMS/DMS system is relatively complete for 
dispatch centres, substations, power plants, thermal power plants.  Furthermore, SCADA/EMS/DMS 
system applies to international standards, so it is easy for it to connect systems. For renewable energy 
power plants, there is no regulation of data list to be exchanged with dispatch centres.  
 

Global overview of the SGREE-related technical and regulatory aspects in Viet 
Nam 

The analysis of the existing national legal documents, regulations and strategies encompassed: 
- Current/existing Smart Grid approach in Viet Nam from regulatory side  
- Existing incentives and subsidies for RES and smart energy technologies, RE integration (e.g. 

ancillary services) with regard to future power system requirements with high shares of 
variable renewable energies. 

- Optimization of energy efficiency and demand-side management (e.g. tariff-based 
incentives, smart metering, demand response, ...)  

- Local barriers (regulatory, technical, non-technical) for the deployment of smart energy 
technologies for grid integration of VRE, energy efficiency and power system operation  

- Potential overlaps and relationships between different existing policies  
- Specific needs for a future market integration of RE (e.g. power reserve/ancillary services 

market).   
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The collected information concerning to the legal and regulatory framework and the technical standards 
is structured in several matrices below in a way similar to Task 1 to facilitate the future gap analysis 
under Task 3. The analysis helps to identify how the current regulation affects the demand and supply 
side. It provides preliminary comments concerning the strengths and weaknesses of the current 
framework and standards in Viet Nam and the assessed degree of coverage of each issue.  

 
Task 2.1 Regulation of RES 
integration in Viet Nam 

Status Reference 
(if 
available) 

Comments 

RES policy Covered  p. 19 + Clear political goals and support for RES 

RES incentive 
mechanisms 

Covered, 
adjustments 
needed 

p. 21 - RES approval rates decoupled from grid status and 
development; 

- High concentration of large-scale RES in geographically 
limited areas (Southeast)- No mechanisms for RES to 
participate in power markets 

- insufficient development of rooftop solar; need for other 
incentive mechanisms 

- incentives for RES decoupled for the electricity market 
signals 

Grid balancing Insufficiently 
covered 

p. 24 Covered in the Grid and Distribution Codes; mandatory output 
adjustment for RES 

- no compensation for curtailment 

- no financially attractive mechanisms for frequency reserve 
provision 

Forecasting Not covered p. 37 NDLC is implementing a centralized RES forecasting center but 
no specific regulation available 

Other ancillary services  Insufficiently 
covered 

p. 24 + Technical capabilities of RES power plants for voltage control 
and reactive power, flicker and harmonics covered in the Grid 
and Distribution Codes.  

- RES are not allowed to participate in the provision of 
ancillary services 

- No incentives for storage investment to couple with solar and 
wind generation 

 

Task 2.2 Regulation of smart 
energy technologies deployment 
in Viet Nam 

Status Reference 
(if 
available) 

 

Smart Grids (policy/roadmap) Covered p. 29 + Clear political goals, detailed roadmap 

+ First pilot projects 

Smart Meters Not covered p. 41  

Energy efficiency Not explicitly covered n/a No dedicated regulation or targets for energy 
efficiency 

Ancillary services  Insufficiently covered p. 36 + various ancillary services procured and 
remunerated 

- remuneration highly regulated 

- only large conventional generation is on the 
list of ancillary service providers 

- no provisions for congestion management 

Energy storage  Not explicitly covered n/a - Storage is not defined in the regulation 

- Requirements for storage not specified 

- No incentives for investing in or installing 
storage systems 

DR/DSM (policy, incentives, 
regulation) 

Insufficiently covered p. 33 + Multiple targets and goals specified for 
short- and middle-term. 

- insufficient incentives for DR to encourage 
customers 

VPP / aggregation Not covered n/a + Introduction of DR aggregator planned post-
2020 (National DR Program) 
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Task 2.2 Regulation of smart 
energy technologies deployment 
in Viet Nam 

Status Reference 
(if 
available) 

 

- no regulation so far exists 

Incentives and network tariffs Partially covered, 
adjustments may be 
needed 

p. 32 - All grid costs are borne by the consumers 

Electric mobility/charging 
infrastructure 

Not covered  n/a  

Microgrids Not covered  n/a  

Innovative solutions Not covered n/a  

 

Task 2.3 Technical standards for 
smart energy technologies in Viet 
Nam 

Status Reference (if 
available) 

Comments 

Interoperability & 
standardization 

Not covered n/a No reference in current documents 

Cyber security Not covered n/a  No reference in current documents 

Communication protocols and 
infrastructure 

Partly covered Distribution 
Code Circular 
Article 41 

Reference to SCADA/DMS system 
requirements procedure 

EMS & DMS systems Partly covered Distribution 
Code Circular 
Article 41 

+ Definition of SCADA/DMS requirements 

- Requirements only apply for larger 
customers/generators >10MW. With massive 
deployment of small-scale SGREE, this 
threshold should be reconsidered. 

Gateways/interfaces Not covered n/a  

 

Task 2.3 Network codes and 
interconnection standards 

Status Reference (if 
available) 

Comments 

Defined operational ranges of 
DER 

Partly covered Distribution 
Code Circular 
Article 43 

+ defined operational ranges for frequency 

- Missing operational ranges for voltage  

- Missing requirements for the performance 
under frequency variations 

Advanced grid support 
functions from DER 

Not covered n/a - No requirements for grid support from DER 

Capability to ride-through wide 
area system disturbances 

Not covered  n/a - No requirements for ride-through 
capabilities for DER  

Remote controllability only for >10 MW Distribution 
Code Circular 
Article 41 

+ Definition of SCADA/DMS requirements 

- Requirements only apply for larger 
generators >10MW. With massive deployment 
of small-scale DER, this threshold should be 
reconsidered. 
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4. Task 3: Gap analysis comparing status 
quo with international best practices  
 
The main objective of Task 3 is to identify and analyze potentially significant legal and regulatory gaps 
within the existing legal and regulatory framework by merging the results of Task 1 and Task 2. Current 
national policies, regulatory provisions and standards in Viet Nam are reviewed against international 
good practices. The authors then identify the needs for further development by:  

• analyzing major barriers to the implementation of the current regulatory framework.  

• arranging and illustrating respective findings by using analytical instruments in order to 

support the Vietnamese authorities in the improvement of the regulatory framework. 

 
The analysis is performed with the view of achieving Viet Nam’s objectives for SGREE described in the 
introductory Chapter 1 as well as in Task 2 of this report (Chapter 3).  
 
Thereby the main elements of the analysis include: 

• the action fields such as integration of RES or of smart energy technologies 

• current relevant practices in Viet Nam 

• examples of relevant good practices from other countries and regions studied in Task 1 

• assessment of the extent to which current practices contribute to the achievement of the 

main Smart-Grids targets.  

 
Targets or desired states are an integral part of a gap analysis. In order to overcome Viet Nam’s main 
challenges in the electricity sector, rapidly growing demand, increasing shares of VRES and system 
stability issues (see Figure 4.1), smart regulation is needed. Smart Grid regulation implies 3 main 
components: 

1. Smart transmission and distribution networks 

2. Smart, system-sensitive VRES integration and  

3. Smart energy consumers (services enabled through demand-side flexibility, VPP solutions, 

AMI, etc).  

These solutions are expected to contribute to four overarching targets, which are in line with Viet 
Nam’s Smart Grid Roadmap (Decision No 1670/QD-TTg), operational security and efficiency, cost 
efficiency, consumer empowerment and sustainability: 

 
Figure 4.1. Viet Nam’s main challenges in the electricity sector, solutions enabled through regulation of 

Smart Grids and the targets they are meant to achieve (Own illustration). 
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Consumer empowerment in this context relates to the activation and flexibilization of the demand side 
through availability of smart technologies, aggregation, access to markets, etc.  
 
Note this chapter is aimed at providing a clear idea of the status quo and the extent to which it 
contributes to the fulfillment of the four targets. It describes existing alternatives or measures for 
improvement that might be implemented to further the targets. The chapter is not aimed at prioritizing 
different measures or giving specific recommendations. These will be provided under Task 4 (Chapter 
5) of this report, including potential adjustments needed to suit the context of Viet Nam upon 
consultation with the energy regulator and policy makers.  
 
Approaches within each action field, e.g. RES incentives, are qualitatively assessed according to the 
amount of progress made with regard to each of the four targets (Figure 4.1): 

  Operational security & efficiency: The extent to which the current regulatory approach 
contributes to ensuring a secure and efficient system operation? 

 Cost efficiency:  Estimated efficiency of the current approach from the economic perspective 

 Consumer empowerment: The extent to which the conditions stipulated in the regulatory 
framework allow to engage the demand side and provide appropriate incentives 

 Sustainability: the estimated contribution of the current approach to achieving a more 
sustainable, decarbonized system. 
 
 The assessment refers to the extent to which the current measures contribute to achieving one of the 
four listed targets: 
 

Table 4.1. Disambiguation of progress assessment. 

 
 
This approach allows to identify needs for further development of respective policies, legal and 
regulatory provisions. In the absence or insufficient coverage of a particular action field, respective 
policies as well as legal and regulatory provisions and the current “Smart Grid Approach” are compared 
with international good practices. The analysis specifically addresses major barriers to the 
implementation of Smart Grids. It is important to keep potential tradeoffs among different targets in 
mind. For instance, measures maximizing operational efficiency and security might not simultaneously 
achieve high levels of consumer empowerment but rather decrease them. Measures that can help 
achieve most targets while minimizing tradeoffs should be given priority.  
 
Tables 4.2 to 4.5 below give an exhaustive overview of the status of the existing legal and regulatory 
framework of Viet Nam within the three areas relevant for the development of Smart Grids in the 
country. It further illustrates potentially significant legal and regulatory gaps with regard to each action 
field. For instance, it shows that although the provision of ancillary services and the use RES for these 
services is extensively covered in the Viet Nam grid codes, the current approach does not contribute to 
the goals of consumer empowerment and sustainability whereas additional measures may be needed to 
increase its cost efficiency.  

 

Target achieved; action field comprehensively addressed

Significant contribution to the target; action field adequately addressed; minor 

adaptations might be needed

Approach contributes to the achievement of the target; 

Approach only marginally contributes to the achievement of the target; action 

field insufficiently covered and requires additional measures

Target not achieved or approach irrelevant for the target; action field not 

(explicitly covered)
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Task 3.1 Gap analysis: Regulation of RES integration 

Table 4.2. Regulation of RES integration. 

 

Action field 
Status            
in Viet 
Nam 

Comments 
Targets 

International good practices 

RES policy Covered  + Clear political goals and support for RES;          Quantifiable target for shares of RES in the electricity mix: at least 27% by 2030 (the 
EU) 

+ Explicit mid- and long-term RES 
development targets (Decision No 2068/QD-
TTg) RES support is investment-driven;  

    
Specific provisions for RES on the demand side are available: explicit political goals, 
establishment of a level playing field, opening up of new options to incentivize RES 
project at the demand side (e.g. renewable energy communities) (the EU) 

- RES on the consumer side only marginally 
addressed 

        Quantifiable target for shares of RES in the electricity mix: 33% by 2020 and 50% by 
2030 (excluding large hydropower) (US, California) 

RES incentive 
mechanisms 

Covered, 
adjustments 

needed 

+ Clear mechanisms for financial wind and 
solar power support: RES are financed 
through FiT (amount depends on technology 
type) and are eligible for tax cuts and import 
subsidies (Decision 39/2018/QD-TTg and 
Decision 02/2019/QD-TTg). Current FiT 
expired on June 30, 2019, whereas the new 
one is pending approval. 

    
Transition from FiT to market premiums (coupled with wholesale electricity market 
prices) and investment allowances (the EU) and RES auctions to assign subsidies to the 
most efficient bidders (e.g. Germany, Spain and the UK).  

+ Terms of power purchase agreements 
(PPA) are standardized;  straightforward 
financing schemes 

    
Gradual phase-out of FiT-based support schemes (the EU) 

+ Solar rooftop project are eligible for net 
metering (require a smart meter) 

    
Priority dispatch was - and in some EU countries still used (e.g. Spain and Germany) - to 
ensure an effective integration of RES and offtake of generation from RES in case of a 
congestion (the EU) - rule currently under revision 

- So far, PPAs can be concluded only with 
EVN and are the only financing scheme 
available, although some pilot PPAs with 
other parties are in planning  

    
PPAs can be concluded with private companies; PPAs available for solar-plus-storage 
plants (US, California) 

- RES approval rates decoupled as far as 
possible from grid status and development; 

    
Small-scale RES generators at the distribution level are eligible for "direct-sale" 
mechanism that allows them to sell their energy locally without a supplier license 
(Germany); Simplified contract procedures established for self-consumption with 
surpluses; a prosumer is allowed to have a contract with a trader to sell his surplus 
generation at a hourly-average market price (Spain) 
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Action field 
Status            
in Viet 
Nam 

Comments 
Targets 

International good practices 

- High concentration of large-scale RES in 
geographically limited areas (south -east)                                                                   

    
Support schemes for hybrid solar and wind power projects to take profit of different 
intermittency periods and improve siting decisions. Support schemes include a 
regulated tariff or a tariff determined in a bidding process or average purchase cost 
under Renewable Energy Certificate mechanism (India) 

- No efficient mechanisms for RES to 
participate in power markets 

    
RES are allowed to participate in wholesale electricity markets, day-ahead and intraday 
(European countries) 

- Insufficient development of rooftop solar; 
need for incentive mechanisms, other that 
FiT 

    
Consumers can reduce their electricity bills by investing in rooftop solar and 
accompanying technologies under the net metering scheme (US, California); net 
metering is available to small generators from RES and to small-scale CHP plants (Chile) 

- Incentives for RES decoupled for the 
electricity market signals 

  

    
Consumers formally allowed to self-generate, store, consume,  share and - in some 
countries already - sell energy from own RES (coupled with storage) (Spain and 
Germany); Consumers are allowed to form renewable energy communities to optimize 
self-consumption, participate in markets or provide system services; consumers do not 
necessarily have to sell their generated energy to their supplier (the EU) 

        Each generation company is obliged to produce and sell at least 10% of its installed 
capacity from RES, subject to penalties for non-fulfillment (Chile) 

Grid 
balancing 
from RES 

Insufficiently 
covered 

Covered in the Grid and Distribution Codes; 
mandatory output adjustment for RES in 
case of system frequency rising beyond 51Hz 
(Circulars No 25/2016/TT-BCT and No 
39/2015/TT-BCT) 

 

  

      RES carry balancing responsibility on par with other generation technologies, i.e. are 
financially liable for potential schedule deviations (due to forecasting errors) (European 
countries) 

- No financially attractive mechanisms for 
RES to contribute to grid balancing 

VRES are allowed to participate in the balancing market  (e.g. Denmark and Austria) and 
are piloted for participation (e.g. Germany) in some EU countries 

Forecasting Not explicitly 
covered 

Scheduling conducted by NDLC;      
    

Self-scheduling is used, i.e. plant operators are responsible to submitting accurate 
generation forecasts (schedules) for a given day and ensure that they follow the 
schedule due to financial responsibility of market actors for system imbalances they 
produce (European countries) 

NDLC is implementing a centralized RES 
forecasting center but no specific regulation 
available;   

    
All generation technologies (including RES) can participate in the intraday market and 
adjust their positions through trading based on more accurate forecasts available close 
to the real time (European countries) 

Only generators with over 30MW installed 
capacity can participate in the generation 
market;      

        Market access is technology-agnostic whereas minimum bid size is 1 MW allowing all 
types of providers to participate (the EU) 

Other 
ancillary 
services from 
RES 

Insufficiently 
covered 

+ Technical requirements for RES power 
plants for voltage control and reactive 
power, flicker and harmonics covered in the 
Grid and Distribution Codes  (Circulars No 
25/2016/TT-BCT and No 39/2015/TT-BCT) 

    
Policies for grid services from RES are in place but not yet implemented on a large scale 
or standardized in European grid codes: Pilots are being conducted in different 
European countries to test ancillary services provision (including at the distribution 
level) from RES.  
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Action field 
Status            
in Viet 
Nam 

Comments 
Targets 

International good practices 

- no RES besides large hydropower plants 
are allowed to participate in the provision of 
ancillary services; no compensation for the 
provision of ancillary services 

    
RES operators are compensated for the curtailment services whereas curtailment is the 
measure of last resort  (e.g. Germany)  

  

- No compensation for curtailment 
    

- No incentives for storage investment to 
couple with solar and wind generation 

        

Task 3.2 Gap analysis: Regulation of smart energy technologies deployment 

Table 4.3. Regulation of smart energy technologies deployment 

 

Action field Status          
in Viet 
Nam 

Comments Targets International good practices 

Smart Grids 
(policy/ 
roadmap) 

Covered + Clear political goals, detailed roadmap   

  

  

  

  

  

  

  

A dedicated Smart Grid Advisory Committee and Smart Grids Task Force established. 
The former advises on Smart Grid technologies and incentive mechanisms as well as 
guide research efforts. The latter issues biannual Smart Grid status reports and 
coordinates among stakeholders (the US) 

+ Significant progress made on Phase I of the 
Smart Grid Development Program 

Smart Grids Regional Demonstration Initiative established to demonstrate deployment 
and commercialization of Smart Grid technologies and assist modernization of 
electricity networks (the US) 

+ First pilot projects Smart Grid roadmap issued by CAISO in 2010 (US, California) 

Smart Grid Project as part of the Low Carbon Green Growth Policy to establish a 
nationwide Smart Grid with AMI by 2030; accompanying market liberalization and 
designation of entities and research institutes established to support and implement 
the plan (South Korea) 

Smart Grid development formally encouraged through targeted investment in Smart 
Grid technologies, funding of large R&D projects and creating an enabling regulatory 
framework (the EU) 

Vision 2050 issued by the European Technology and Innovation Platform Smart 
Networks for Energy Transition in 2019, including automated DR, smart charging for 
EVs, interconnected services and shared platforms for data exchange and service 
provision (the EU)  
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Action field Status          
in Viet 
Nam 

Comments Targets International good practices 

Smart Grid performance indicators used by European regulators (the EU); some 
countries conduct cost-benefit analysis of Smart-Grids initiatives (e.g. the UK and the 
Netherlands)  

Smart Meters Not covered Only remote electricity metering and data 
collection have been addressed so far 
(Circular No 42/2015/TT-BCT) 

   

  

    Quantifiable target for the Smart Meter rollout: 80% of all households by 2024, subject 
to an economic assessment (the EU) 

AMI deployment to residential customers 
planner for Phase 3 of the Smart Grid 
development program (after 2022) 

Utilities are under obligation to install Smart Meters at all small-scale customers (e.g. 
up to 15kW in Spain, planned for EU) 

Energy 
efficiency 

Not 
explicitly 
covered 

No dedicated regulation or targets for 
energy efficiency 

  

 

  
 

  

 

  

  Quantifiable target for energy efficiency: 32,5% increase by 2030 with energy saving 
obligations for each Member State (the EU) 

Energy Efficiency Resource standard introduced to encourage efficient generation and 
transmission of electricity and requires utilities to reduce energy use by a specified 
progressive percentage each year. Also applies to DR programs (the US) 

Ancillary 
services  

Covered, 
adjustments 
needed 

+ Various ancillary services procured and 
remunerated from listed ancillary service 
providers (Circular No 46/2018/TT-BCT) 

    
Ancillary services, in particular balancing, are procured in a market-based way 
(different US states) 

+ voltage regulation and black start are 
defined as separate services that are also 
remunerated 

Balancing products are standardized and remunerated in a market-based way 
(auctions); cross-border procurement of balancing is planned and formalized in the 
regulatory framework (the EU) 

- Remuneration highly regulated and 
calculated on an annual basis 

Access to the balancing market is open to all types of technologies as well as to the 
demand side, as per the principle of a level playing field and technology neutrality (the 
EU) 

- Only large conventional generation is on 
the list of ancillary service providers receive 
remuneration 

Wide-ranging bilateral and multilateral cross-border cooperation established (e.g. 
imbalance netting and cooperation for congestion management); a common European 
balancing market is planned, formalized in the EU Network Codes (the EU) 

- Low levels of interconnection with 
neighboring countries 

Services for the alleviation of congestion are remunerated in a cost-based or market-
based way (the EU) 

- No provisions for congestion management Germany uses a combination of measures to tackle congestion and ensure generation 
adequacy: redispatch, grid reserve, feed-in management and strategic reserve. As a 
result of curtailment RES plants are remunerated whereas no remuneration is foreseen 
for the curtailment of traditional generation technologies. 

Energy 
storage  

Not 
explicitly 
covered 

- Storage is not defined in the regulation 
    

Storage formally recognized in the regulatory framework and encouraged, including 
consumer-side storage coupled with RES; technology neutrality principle (the EU) 

- Requirements for storage not specified Storage prequalified to participate in the balancing and other electricity markets, often 
aggregated in a pool, on par with other technologies (the EU) 
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Action field Status          
in Viet 
Nam 

Comments Targets International good practices 

- No incentives for investing in or installing 
storage systems 

Storage units can complement hybrid wind-solar projects and are eligible for the same 
beneficial tariffs as regular hybrid projects (see RES incentive mechanisms in Task 3.1.) 
(India) 

- No incentives for storage units to provide 
ancillary services 

Storage systems are included into the Renewable Portfolio Standard system and is 
made obligatory for implementation of ESS by companies; ESS are classified as 
emergency generators (South Korea) 

+ Plans to develop technical standards for 
storage technologies and other smart 
devices as part of Phase 2 (2017-2022) of 
the Smart Grids development program 

Electrical storage systems are offered financial incentives and public buildings are 
obliged to be equipped with ESS starting from 2017 (South Korea) 

DR/DSM 
(policy, 
incentives, 
regulation) 

Insufficiently 
covered 

+ Multiple targets and goals specified for 
short- and middle-term in the national 
Demand-Side Management Program 
(Decision No 279/2018/QD-TTG) 

    
Market-based DR compensation rule established on the federal level for centrally 
organized electricity markets, accompanied by annual DR assessment reports by FERC 
(the US) 

+ First small-scale pilots are being 
conducted to test time-of-use (ToU) tariffs 
and AMI 

Multiple approaches for explicit and implicit DR available: curtailment commitments 
for commercial customers, capacity bidding programs, automated DR program and 
demand-side bidding (US, California) 

+ Plans to purchase energy from customers 
and involve customers in DSM programs on 
a voluntary basis as part of Phase 2 (2017-
2022) of the Smart Grids development 
program and of the National DR program 
(Decision No 175/2019/QD-BCT) 

DER participate in the market in demonstration projects assisted by the distribution 
system operator, subject to a feasibility assessment (US, California) 

+ 4 DR programs (direct financial incentive 
mechanism, electricity-tariff mechanism, 
non-commercial incentive and voluntary 
DR) designed in Circular No 23/2017/TT-
BCT 

Development of programs for service provision from DER as a cooperation between 
CAISO and the distribution system operator (for communication of constraints) (US, 
California)  

- Legal framework for DR (e.g. for the 
provision of ancillary services) largely 
missing  (although planned) 

Explicit DR remuneration schemes available (e.g. dynamic pricing to reward flexible 
consumption) and open to market actors (mainly suppliers) to determine (the EU).  

- Lack of tools or mechanisms to evaluate 
the effectiveness of DSM/DR programs 

Large industrial loads used for congestion management as part of network reserves 
(Sweden) 

- Insufficient incentives for DR to encourage 
customers (financial mechanisms are in 
planning)  

DR is allowed to participate in electricity markets (equal access to electricity market 
for supply and demand), on par with generation (the EU) or as separate products for 
ancillary services (e.g. interruptible load products in Germany)  
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Action field Status          
in Viet 
Nam 

Comments Targets International good practices 

 
DR programs implemented in demo projects to test incentive mechanisms (ToU, 
critical-peak pricing and real-time pricing combined with price display and requests  to 
reduce load through a home energy management system) (Japan) 

VPP / 
aggregation 

Not covered + Introduction of DR aggregator planned 
post-2020 (National DR Program, Decision 
No 175/2019/QD-BCT) 

 

  

      Aggregation of supply, demand or both is allowed and encouraged in the regulatory 
framework to participate in the markets and provide system services (e.g. ancillary 
services); aggregators as new actors are allowed to harvest flexibility, develop 
portfolio management software and participate in all electricity marketplaces with 
their pools. Pools are not limited geographically (the EU) 

- No incentive mechanisms for the 
development or participation of distributed 
energy resources (DER) 

Market participants are allowed to prequalify a pool for balancing services instead of 
individual units (the EU) 

- No regulation so far exists Aggregation of demand is used to provide larger volumes of DR to the ISO; DER can 
also be aggregated to participate in the ISO's market (US, California) 

Incentives and 
network 
tariffs 

Partially 
covered, 

adjustments 
may be 
needed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Not covered 

- All grid costs are borne by the consumers 
as part of the regulated electricity price 

 

  

      Focus on fair network tariff allocation ("polluter-pays" principle) without prejudice to 
the most vulnerable consumers as part of consumer protection; both generators and 
consumers are to pay grid tariffs, which shall encourage grid-supportive behavior (the 
EU). Some incentives include tax and tariff reductions, e.g. for participation in 
balancing or flexibility premiums, yet no standardized approach to network tariffs 
across the EU.  

- No tariff incentives for network-supportive 
behavior on the supply or the demand side 

  

Regulatory documents specifically encourage innovative grid solutions, the use of DR 
and investment in Smart Grid technologies by distribution network operators; multiple 
pilot projects conducted for market-based procurement of ancillary services locally, at 
the distribution level, including through flexibility-trading platforms (the EU) 

Network cost reduction for consumption in off-peak times, tariff reductions for system-
supporting storage and DER, partial exemption of self-consumption from the RES tax 
(Germany) 

Interruptible tariff: reduced network tariff for load reduction in network relevant time 
periods, exemptions from CO2 taxes for some technologies (Sweden) 

Consumers under self-consumption with surpluses mechanism are exempted from grid 
connection tariffs (Spain)  

Electric 
mobility / 
charging 
infrastructure 

   

  

      Federal initiatives to promote EVs, e.g. tax rebates and demo projects for EV charging 
infrastructure (the US) 

Zero Emission Vehicle Program includes incentives such as free parking, tax credits 
and insurance discounts for EVs as well as expedited permits and installation 
procedures for charging points; all newly constructed buildings in some cities are 
obliged to be equipped with charging points (US, California) 
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Action field Status          
in Viet 
Nam 

Comments Targets International good practices 

Public EV charging infrastructure promoted as part of European Strategy for Low-
emission Mobility and implemented in many EU countries (e.g. through non-
reimbursable grants and investment funds), minimum levels of required charging 
infrastructure introduced (the EU) 

Pilot projects underway to test feed-in or energy from EV batteries (often as a pool) 
back into the grid (the EU) 

Requirement to fit each non-residential building with over 10 parking places with a 
charging point (EU Energy Performance of Buildings Directive)  

Benefits provided for EV purchases (exemptions from vehicle registration taxes or 
ownership taxes, free charging for a limited period of time, purchase grants) (e.g. 
Austria, Belgium, Germany, Sweden) 

Quantified target for EVs: 100% zero-emission transport by 2025; access to bus lanes 
and free municipal parking for EVs; lower purchase taxes (Norway). 

Microgrids Not covered  - Some microgrids are tested on the islands 
of Viet Nam  

 

  

      Microgrid testbed project conducted on Jeju island, incorporating solar energy and 
storage with ICT infrastructure; it combines a smart meter roll out and DR provision 
through a platform (South Korea) 

Government-sponsored microgrid projects for islands, including Smart Community 
demonstration projects (PV-plus-storage, vehicle-to-grid applications, DR for 
congestion management and automated unit control) (Japan) 

  

Innovative 
solutions:  

  

Not covered 

   

  

      New concepts for sharing and sale of locally produced energy from distributed energy 
resources (DER), including RES, are formalized in the regulatory framework: the 
establishment of citizen energy communities and renewable energy communities (the 
EU).  

Multiple approaches to procure flexibility for a more reliable system operation and 
efficiency, e.g. grid interconnection and progressive integration national electricity 
markets; equal treatment of supply and demand for system flexibility and market 
participation (the EU).  

Task 3.3 Gap analysis: Technical standards for smart energy technologies, network codes and interconnection standards 

Table 4.4. International standardization activities 

 

Action field 
Status           
in Viet 
Nam 

 

Comments 

Targets 
International good practices 
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Interoperability 
& 
standardization 

Not covered No reference in current documents         In order to ensure ICT interoperability of all components and devices international 
smart grid standardization roadmaps should be considered and followed. Good 
examples are the IEC TR 62357 Seamless Integration Architecture which lists IEC 
61850 for substation automation and DER connection and IEC 61970/61968 
Common Information Model (CIM) for SCADA/DMS systems as important core 
standards.  

Cyber security Not covered No reference in current documents         Nowadays, cyber security is an important topic in a connected world which need to 
be considered from the beginning on. A good practice is security by design which 
means that security-related issues need to be included in all the planning and design 
steps in order to avoid potential problems during the installation/upgrade process. 
Related cyber security standards and recommendations like the IEC 62351 but also 
the approaches from IEEE and NIST (e.g., IEEE 1686, IEEE C37.240, NIST IR-7628, 
NIST SP 800-39) should be followed. 

Communication 
protocols and 
infrastructure 

Partly 
covered 

Reference to SCADA/DMS system 
requirements procedure 

        The infrastructure should follow newest developments in the field like IEC TR 62357 
(incl. IEC 61850, IEC 61970/61968) Regarding EV IEC 61851-based communication 
is a good starting point, regarding inverter-based DER like PV IEC 61850 and SunSpec 
should be considered and for wind power generation IEC 61400. Also, IEC 62051-
54/58-59 is an approach which provides a good basis for metering. Summarizing, 
smart grid standardization roadmaps from IEC, IEEE, DKE, and comparable 
institutions provide a suitable basis for the definition of a communication 
infrastructure with the corresponding protocols for connecting various devices and 
components (incl. SCADA/DMS, gateways, RTUs, etc.). 

EMS & DMS 
systems 

Partly 
covered 

  

+ Definition of SCADA/DMS requirements 
    

The massive roll-out of renewables requires also the realization of remote-control 
possibilities for all types of power system equipment (substations, DER, etc.) in order 
to keep the overall system under control and manageable. In order to ensure an 
interoperable system over all voltage levels common protocols and data models 
should be used as outlined above. This applies also for EMS & DMS functions in the 
control centers. Therefore, reference architectures like the IEC TR 62357 Seamless 
Integration Architecture with the corresponding core standards IEC 61850, IEC 
61970/61968 provide a good starting point. 

- Requirements only apply for larger 
customers/generators >10MW. With massive 
deployment of small-scale SGREE, this 
threshold should be reconsidered. 

         In order to guarantee the security of supply the integration and remote control of 
generators with less power ratings should be considered as well. Also, concepts like 
virtual power plans (i.e., pooling and control of several generators with lower power 
ratings) should be considered. 

Gateways/  
interfaces 

Partly 
covered 

Reference to RTU/Gateway requirements         Smart grid standardization roadmaps from IEC, IEEE, DKE, and comparable 
institutions provide a suitable technological basis for various interfaces. Whenever it 
is possible gateways should be avoided and their functionality should be directly 
integrated into the corresponding components (e.g., inverter-based DER) in order to 
avoid having too many hardware devices in the system. 
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Table 4.5. Network codes and interconnection standards 

 

Action field Status           
in Viet 
Nam 

Comments Targets International good practices 

Defined 
operational 
ranges of DER 

Partly 
covered 

+ defined operational ranges for frequency         Latest national and international grid codes and recommended practices include a 
clear and mandatory definition of operational ranges for frequency, where DER must 
operate normally for a defined minimum time. This requirement is particularly 
important under a scenario where DER contributes a significant share of the 
generation capacity to ensure a defined and reliable operation of DER during 
abnormal frequency situations and critical supply/generation conditions. 

Detailed implementation requirements can be derived e.g. from the EU Network Code 
RfG (Table 2) or the IEEE 1547-2018 Table 20. 

- Missing operational ranges for voltage of 
DER 

    Latest national and international grid codes and recommended practices include a clear and 

mandatory definition of operational ranges for voltage, where DER must operate normally 

for a defined minimum time. This requirement is particularly important under a scenario 

where DER contributes a significant share of the generation capacity to ensure a defined 
and reliable operation of DER during abnormal situations, grid faults and critical 
supply/generation conditions.  

Detailed implementation requirements can be derived e.g. from the EU Network Code RfG 
(Table 6) or the IEEE 1547-2018 Table 16 

- Missing requirements for the performance 
under frequency variations of DER 

        In addition to the definitions for voltage and frequency ranges, latest international 
grid codes and recommended practices include a clear and unanimous requirement 
for the capability to withstand transient frequency variations including phase angle 
jumps. 

This requirement is particularly important under a scenario where DER contributes a 
significant share of the generation capacity to ensure a defined and reliable operation 
of DER during abnormal frequency situations and critical supply/generation 
conditions. 

Detailed implementation requirements can be derived e.g. from the EU Network Code 
RfG (Chapter 1 (13)) or the IEEE 1547-2018 Table 22 (6.5.2.5). 

Advanced grid 
support 
functions from 
DER 

Not covered - No requirements for grid support from 
DER 

        Modern DER equipment, converters, generators etc. can provide a wide range of 
advanced functions, including active and reactive power control to support the local 
distribution grid as well as the overall power system. 

Under a scenario with a high share of power being contributed by DER, it will be 
important that DER also takes on the responsibility to support the grid. In addition, 
the use of grid support function will also help to increase the DER hosting capacity of 
distribution networks and improve voltage quality.  

The recommendation is to already amend the local grid interconnection codes with 
requirements for the key grid support functions to be provided now, even if the 
current share of DER is not significant, as DER equipment will be in place for a long 
time and otherwise it will be very difficult and costly to retrofit functionality at a later 
stage. 

Recommendations for the implementation can be derived e.g. from the European 
EN 50549-1:2019 series or the IEEE 1547-2018. 
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Action field Status           
in Viet 
Nam 

Comments Targets International good practices 

Capability to 
ride-through 
wide area 
system 
disturbances 

Not covered  - No requirements for ride-through 
capabilities for DER  

+ Currently in progress 

        Under a scenario of a significant share of power coming from DER, it is crucial to 
ensure a defined response of the DER during transient grid faults or other critical 
events in the grid. 

Otherwise, even a minor remote fault could potentially lead to a simultaneous loss of 
a major share of the distributed generation, which could endanger the reliable supply. 

Therefore, the grid codes should clearly specify minimum requirements for the 
capability of DER to ride-through voltage and frequency disturbances in the grid. 

Recommendations for the implementation can be derived e.g. from the European 
EN 50549-1:2019 series or the IEEE 1547-2018. 

Remote 
controllability 

Partly 
covered 

 

+ Definition of SCADA/DMS requirements 

 

- Requirements only apply for larger 
generators >10MW. With massive 
deployment of small-scale DER, this 
threshold should be reconsidered. 

 

 

  

  

  

  

Under a scenario of a significant share of power coming from DER, monitoring and 
controllability of system relevant DER becomes important for the efficient and 
reliable operation of the overall power system. 

Accordingly, the local grid codes shall specify requirements for monitoring, control, 
and information exchange requirements. A standardized, unified definition of 
communication capabilities, data models and protocols also support the cost 
reductions of communication. 

Recommendations for the implementation can be derived e.g. from the IEEE 1547-
2018. 

With increased deployment of DER of various scale and capacity, the capacity 
threshold, where remote controllability is mandatory shall be reconsidered, based on 
the actual relevance of the DER deployed. 
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Conclusions 

The overview of good practices from around the world presented in Task 1 of this report shows that a 
single approach to the implementation of Smart Grids has not crystallized and is very much dependent 
of individual countries’ overall energy policy priorities, historically determined conditions and 
geography. However, multiple countries, such as the USA, the countries of the European Union (EU), or 
South Korea made some significant progress in the design and implementation of Smart Grids along with 
accompanying mechanisms. This means that a single country cannot serve as a blueprint for Smart Grid 
development in Viet Nam but, instead, a mix of strategies and approaches to different Smart-Grid-related 
aspects can be considered with differing degrees of priority.  
 
So far, the situation in Viet Nam is characterized by a quickly increasing electricity demand and a high 
pace of RES integration. On the regulatory and policy side, an ambitious Smart Grid Roadmap and 
Network Development Plan have been developed and defined the process of implementation whereas 
the electricity market is characterized by a gradual liberalization process. As this chapter of the report 
shows, many areas of analysis have been already addressed at least to some extent: for instance, well-
developed network codes lay a solid groundwork for voltage control and frequency management 
procedures. The integration of RES is fostered both through investment incentives and FiT schemes. DR 
and DSM program has been adopted but practical implementation needs to be developed in more detail 
to achieve tangible results. At the same time, a number of crucial aspects for Smart Grid development as 
well as for the achievement of the ambitious targets set by the government of Viet Nam still remain to 
be addressed, as was illustrated in the gap analysis. Among these are, for example, energy efficiency 
targets, smart meter standards, mechanisms and incentives for the use of energy storage for the 
provision of flexibility, including in aggregation with RES, measures for consumer engagement and 
international technical standards.  
 
These and other aspects analyzed in this report will be addressed and corresponding recommendations 
for Viet Nam to bridge the identified gaps will be provided in the subsequent chapter. 
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5. Task 4: Policy recommendations for 
regulatory framework improvement 
The implementation of Smart Grids continuously produces new challenges, which must be considered 
for an effective and efficient implementation. Experience from different parts of the world shows that 
traditional regulation of the power system based on a top-down approach to power networks is no 
longer viable in the context of Smart Grids, which require an own adjusted regulatory and policy 
approach.  
 
In the previous Sections of this report, three main pillars of future Smart Grids in Viet Nam, grid 
integration of variable renewable energy sources (vRES), smart energy technologies and technical 
standards for Smart Grids, were analysed. They were further subdivided in several aspects ranging from 
vRES incentive mechanisms to ancillary services and standardization procedures (Figure 5.1). This 
illustrates the breath of measures that need to be considered and addressed to facilitate Smart Grid 
deployment.  
 

 
 

Figure 5.1. Areas of analysis in Tasks 1 and 2 of this report. 
 
Good practices from Smart-Grid frontrunners described in Chapter 2 of this report demonstrate that 
there is no universal approach to the regulation of Smart Grids but provide a scope of options that can 
be implemented in Viet Nam. This final chapter proposes a list of measures based on good practice and 
the gap analysis conducted in Chapter 4 that would contribute to tackling the challenges the power 
system of Viet Nam and advance its goals (Figure 5.2).  
 
Smart policy and regulation contains 3 core components: 

1. Smart transmission and distribution networks 

2. Smart, grid-sensitive vRES integration 

3. Smart and flexible supply and demand, 

which form part of an overarching Smart Grid policy (Figure 5.2).  
 
The list of measures in each of the three areas takes into account the current state of regulation related 
to Smart Grids in Viet Nam and are ranked in terms of relevance to go ahead with the objectives for 
SGREE. Additionally, the proposed measures differ according to the implementation timeframe, short-, 
mid- or long-term, and together create a roadmap for smart regulation in Viet Nam.  
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Figure 5.2. Main challenges of the Viet Nam power system and three main components of Smart policy 

and regulation that can help overcome them. 
 

Challenges of the Viet Nam power system 

Many of the challenges that the power sector of Viet Nam is currently facing are not unfamiliar to most 
countries studied in this report. Their progress and approaches to tackling these challenges vary and 
provide numerous useful insights for Viet Nam. They also help to take preventive measures and address 
the challenges that are lying ahead, e.g. as the share of vRES further increases. At the same time, it is 
important to point out that due to the historically determined differences, some of the solutions 
implemented elsewhere cannot be transposed to Viet Nam without a substantial adaptation of its 
system’s underlying regulatory regime. 
 
The main challenges of the Viet Nam power sector range from those linked to the country’s general 
economic development to those related to the changes on the supply and demand side. They can be 
summarized as follows: 

1. 10-12% yearly growth rate of electricity demand 
2. System stability issues caused among others by: 

a. Rapidly growing shares of installed variable RES (vRES) 
b. Persistent gap between economic and electricity growth rate  

3. Potentially insufficient resources to address future energy needs and infrastructure 
requirements 

4. Dependence on fossil fuel imports 
5. Challenge of creating a full-fledged electricity market mechanism: The ongoing liberalization 

of the power market: the process is planned to finalize with the introduction of the retail 
electricity market in 2023.  
 

As Viet Nam’s resource mix is rapidly changing, the ability of traditional grid to overcome these 
challenges is limited.  
 
This chapter identifies the need for further development of respective policies, legal and regulatory 
provisions and proposes ways to incentivize the smartification of the power system as well as ways to 
improve its operation, stakeholder involvement and ways to finance it. In this line, new routes to market 
and market processes, benchmarking, link between suppliers and grid operators concerning the 
flexibility from supply and demand are addressed. 
 



 

118 

Depending on its degree of ambition, the Viet Nam energy regulator can opt for one of the two strategies 
for improving its Smart-Grids-related policy and regulation: 
 

1. Smart scenario 
This scenario lays down the most important adaptations of the regulatory framework in Viet Nam 
needed to “smarten” the electricity system. The measures proposed under this scenario specifically 
address the challenges that Viet Nam is facing today and are organized into four solution clusters: 

1)  Smart Grid policy, i.e. the adaptation of the overarching framework for the 
implementation of Smart Grids and creating the basis for the subsequent measures 

2) Grid-sensitive integration of vRES 
3) Smart and flexible supply and demand 
4) Smart transmission and distribution networks. 

 
2. Smart MAX scenario: 

Under this scenario, additional measure that would build on the measures under the Smart Scenario are 
listed. The recommendations in the Smart MAX scenario follow the 4D principle of “decarbonization, 
decentralization, digitalization and democratization“. As its four components imply, it relies on more 
ambitious targets and, along technological advancements, would lead to the active engagement of all 
elements of the electricity supply chain, including wide-ranging measures for consumer involvement. 
This in turn would require a greater transformation of electricity markets, progressive democratization 
of market access and the use of new technologies. Given the transformation path of Viet Nam towards 
Smart Grids, the measures described in the Smart Max scenario, if applied, represent part of the long-
term horizon.  

5.1. Smart Grids policy 

Associated challenges 

1. Potentially insufficient resources to address future energy needs and infrastructure 
requirements 

2. Challenge of creating a full-fledged electricity market mechanism: The ongoing liberalization 
of the power market: the process is planned to finalize with the introduction of the retail 
electricity market in 2023.  

 
The introduction of Smart Grids fundamentally changes the operation of the power grid with the help of 
advanced information and communication technology (ICT), Smart Meters and control systems. This 
enables controllability and monitoring and bi-directional power flows and communication among 
components but at the same time raises complexity and requires a thorough preparation. The 
fundamental differences between Smart Grids and traditional grids are illustrated in Table 5.1.  
 

Table 5.1. Main differences between traditional power grids and Smart Grids. 

Traditional power grid Smart Grid 

Electromechanical Digital 

One-way communication Two-way communication 

Centralized generation Distributed generation 

Few sensors  Sensors throughout the grid 

Manual monitoring Self-monitoring 

Manual restoration Self-healing 

Failures and blackouts Adaptive and islanding 

Limited control Pervasive control 

Few customer choices Many customer choices 

Source: [1] 
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Viet Nam can successfully build upon its Smart Grids Roadmap that sets numerous goals and respective 
timeframes and introduce additional measures and regulatory instruments in order to ensure an 
effective and efficient Smart Grids development. The Roadmap approved in Viet Nam in 2012 fulfils an 
important goal of providing a degree of certainty about the direction of the national strategy.  
 
Whereas some of the issues linked to Smart Grids, such as SCADA system implementation, AMI 
installation and optimization of forecasting, are already addressed in great detail, others be included. 
Some of the main priorities of Smart Grid policy include encouragement of innovation, standardization 
and engagement of all system stakeholders, their cooperation and incentivization. It is also necessary to 
fully align the Roadmap with the national Power Development Plan (PDPII) in order to ensure that Smart 
Grids can assist in achieving the targets set in the PDPII. Thereby the role of the National Regulatory 
Authority (NRA) generally consists in creation of appropriate incentives, goal-setting, 
monitoring/supervision of Smart Grid deployment, raising awareness among stakeholders as well as 
relevant R&D promotion [2]. 
 
The recommendations listed below can help formulate a comprehensive Smart Grids policy, 
complement the existing Smart Grid Roadmap and lay the fundament for the other solution clusters. It 
is of particular importance to devise ways formulated in Smart Grids policy that would incentivize the 
operator to use flexibility and Smart Grids instead of network expansion. 
 
Measure 1: Set up a procedure for a quantitative assessment of Smart Grids 
progress early on 
Following good practices from the Unites States and Europe, a quantitative assessment 
is necessary in order to identify potential impact of Smart Grid deployment on 
operational efficiency, system security and system costs.  
 
Smart Grids mark the transition from the supply characterized by large generation at 
the transmission level, one-way electricity flows and passive distribution network and consumers to 
bidirectional energy and information flows, active customers and growing volumes of generation 
expected to be installed at medium- and low-voltage levels. Within this context, the importance of a more 
efficient distribution grid is growing. Experience from multiple countries does not only show that 
network costs are likely to grow due to new control devices, ICT and SCADA systems, smart devices, 
Smart Meters and home management systems, but that the bulk of the costs (up to 70%, according to 
[3]) are expected to be borne by the distribution grid level [2].  
 
The assessment can also be related to such aspects as degree of communication between system 
elements, interoperability as well as concrete risk mitigation measures. 
 
Measure 2: Set up a Smart Grids Task Force or Oversight Committee  
Such a body can consist of the representatives of the regulator or of several 
stakeholders and be tasked with progress oversight using predefined KPIs (see 
Measure 6), steering and stakeholder coordination. 
Regular monitoring and assessment possible can then be periodically followed by an 
adjustment of standards to requirements to stakeholders. 
 
Measure 3: Set up programs for targeted investment (national and/or 
international) in cooperation with the private sector in Smart Grid R&D projects 
It is recommended to encourage the development of innovative Smart Grids 
applications on the policy level. Testing of technical and economic viability, scalability, 
etc. of these solutions should be enabled through R&D projects. Note that R&D 
activities should be excluded from costs that the grid operator recovers through tariffs. 
Instead, special funding schemes for Smart-Grid-related R&D should be preferred.  
 
Measure 4: Introduce output-oriented incentive regulation of the network 
operator to incentivize investment in Smart Grids 
 
In the process of implementation of Smart Grids, the grid operator undoubtedly plays 
a crucial role. A higher operational and cost efficiency of network operation is expected 
in the long term thanks to Smart Grids rollout. Yet, in the short to middle term, Smart 
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Grids are linked to considerable investment costs, stemming from R&D activities, the introduction of 
advanced ICT infrastructure, Smart Meters, etc. These costs are borne by network operators and are 
eventually at least passed to consumers. Therefore, it is of particular importance to incentivize the grid 
operator to invest into Smart Grids.  
 
Until recently and similar to most other countries of the world, the electricity sector of Viet Nam has 
been characterized by a single vertically integrated utility responsible for both grid operation and power 
supply. Whereas energy supply can be set up on a competitive basis, power grid is a natural monopoly 
and therefore remained in the regulated domain. The system operator of Viet Nam has so far had a 
monopoly position but as its position is evolving in the process of sector liberalization (privatization, 
unbundling, introduction of competition), it is important to specifically review its regulatory regime.  
 
“A good regulatory model, which could be used as the basis for a regulatory approach to Smart Grids, are 
the incentive regulation mechanisms adopted to promote other aspects of network business, e.g. quality of 
supply” (European Energy Regulators [2]) 
 
 
Network regulation is also linked to non-economic goals such as affordability, security of supply, third-
party access, etc. The goals are becoming more complex in the course of time, as illustrated in Figure 5.3. 
 

 
Figure 5.3. A typical evolution of policy goals and objectives related to network regulation (Adapted from 

[3]). 
 
Similar to most countries, the current regulatory regime in Viet Nam is cost-based, i.e. based on a full 
recovery of CAPEX and OPEX. Although simple to implement, this approach however is generally likely 
to lead to an excessive capital expenditure. Such input-oriented regulation may obscure specific cost 
allocation and make it more difficult to achieve cost efficiency as it provides no incentive for network 
operators to be efficient or to implement innovative solutions.  
 
To raise efficiency, provide cost transparency, and better align grid operator’s incentives with the overall 
policy goals, it is recommended to transition from input-oriented to incentive regulation. Incentive 
regulation has a number of variations and can be based on minimum efficiency targets set for the 
duration of the regulatory period10, price or revenue caps. Finally, output-oriented incentive regulation 
is based on pre-defined quality targets, rewards for efficiency and penalties for non-fulfillment of 
targets. This approach does not only motivate grid operators to invest in innovation but to pass benefits 
on to consumers. This implies, among others, the definition of periods for development and efficiency 
increase and an incentive-driven approach with KPIs, including KPIs for Smart Grid development and 
monitoring. This approach allows to demonstrate cost categories, improve allocation and encourage 
network operators to invest in innovative solutions and Smart Grid demonstration projects.  
 

 
10 So far, the regulatory period in most countries ranged between 1 and 5 years, it might however be 
sensible to expand this period to up to 10 years in order to better align it with the CAPEX timeframe of 
the network operator.  
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Measure 5: Request a cost-benefit analysis (CBA) according to pre-defined 
methodology from the network operator. A CBA can be used to demonstrate cost-
efficiency and social value of Smart Grids. It is important to keep in mind that Smart 
Grids need not be implemented at all costs, as they are not the goal in themselves. 
Instead, Smart Grids must be proven to be the most cost-efficient solution. For this, a 
cost-benefit analysis, already introduced in multiple countries that made a significant 
progress in the area of Smart Grids, helped to estimate the costs and benefits of the 
deployed solutions on a national, regional or project level. CBAs have also proven particularly efficient 
in assessing individual demonstration projects [2]. 
 
A CBA can also serve as an incentive for the network operator to implement more measures such as 
Smart Grids to improve system reliability. Among others, the network operator should be requested to 
conduct a CBA to assess the value of Smart Grids and associated technologies as opposed to grid 
expansion. To ensure recovery from investment in Smart Grids by the network operator, it can be offered 
a higher OPEX allowance based on CAPEX savings.  
 
Measure 6: Define and introduce a list of KPIs to measure progress of Smart Grid 
development 
Examples of KPIs include the number of connected DERs and available hosting 
capacity, quantifiable targets for Smart Meter rollout, number of active customers, 
degree of grid losses, maximum power injection without congestion risks, etc. [2]. Such 
KPIs can be either used for monitoring or also for revenue determination.  
 
 
Measure 7: Consider cooperation within dedicated international collaboration 
platforms for Smart Grids and strengthen cross-border interconnection 
Smart Grids deployment is high on the agenda of countries around the world who are 
at the different stages of Smart Grids development, which would make it particularly 
valuable for Viet Nam to explore international collaboration platforms as a channel to 
build national expertise and capacity in the Smart Grid domain. These facilitate 
collaboration, international knowledge exchange through expert networks, regional 
representations and multilateral dialogue.  
 
It is therefore recommended to consider participation in international collaboration programs, such as: 

• ISGAN (International Smart Grids Action Network): a technology collaboration platform of 
the IEA with 26 participating countries from around the world that provides a strategic 
platform for international policy and decision makers to accelerate the development and 
implementation of Smart Grids. This is achieved through a wide-ranging technology 
collaboration within the framework of 8 expert working groups, exchange of technical 
expertise and capacity building.  
https://www.iea-isgan.org/about-us/ 

• GSGF (Global Smart Grid Federation) is the organization from 15 countries, including smart 
grid stakeholder organizations, governmental and nongovernmental, supporting 
implementation of Smart Grid technologies and fostering their research through 
international cooperation.  
http://globalsmartgridfederation.org/page/186/global-smart-grid-federation 

Membership in such organizations does not preclude Viet Nam from establishing additional bilateral 
cooperation agreements in the region as improving cross-border interconnection is one of the primary 
contributors to smartening the grid according to the IEA (WEO 2018, p. 307). 
 
Measure 8: Set up an “energy valley” to test new technologies and regulatory 
approaches to tackle regulatory challenges of Smart Grids 
As the implementation of Smart Grids is tightly linked to a whole array of innovative 
technologies and applications, whose efficiency, costs and scalability cannot always be 
easily estimated, continuous R&D activities in the area of Smart Grids are crucial to test 
new approaches to pricing, business models and regulatory regimes.  
 
New methodologies to developing new regulatory frameworks, e.g. regulatory innovation initiatives in 
Europe (e.g. for market for flexibility in Germany or procurement of energy from multiple suppliers in 
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the UK) or in Asia (e.g. Blockchain applications in the electricity sector in Singapore) are a novel way to 
testing and evaluating regulatory approaches with regard to new technologies 
 
In the long-term, it is recommended to consider setting up a Korea-style “energy valley” (in Korea, it is 
administered by KEPCO (Korea Electric Power)), as a hub for innovation in the energy sector with 
allocated demo sites and a start-up incubator and creating a collaboration ground among stakeholders 
in joint projects.  
In the energy valley, technological innovation can potentially be combined with regulatory innovation. 
Regulatory innovation zones, might be helpful to test and evaluate regulatory mechanisms directed at 
new technologies and applications whose effect on the system or stakeholder is not entirely known or 
studied in order to try new approaches that are not necessarily reconcilable with the current state of 
regulation in a delimited environment for a limited period of time before making a decision about 
country-wide application. Such zones should not be treated as a regulatory vacuum, rather, they allow 
to evaluate the effect of proposed approaches in a way that would have been impossible to achieve based 
on theoretical findings alone and shed light on the effects produced during actual implementation.  
 
Demonstration projects within an “energy valley” can be funded through a mix of public and private 
means and subject to efficiency targets and/or a CBA for all stakeholders as criteria for awarding 
funding.  
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Summary 

 
Figure 5.4. Summary of the measures recommended with respect to Smart Grid policy and additional measures 
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5.2. Grid-sensitive integration of RES 

Associated challenges: 

1. System stability issues caused among others by rapidly growing shares of installed variable 
RES (vRES) 

2. Dependence on fossil fuel imports 
 
 
As solar and wind power penetration is already producing an impact on the operation of the Viet Nam 
power system, it is important to take appropriate measures well before vRES share in the energy mix 
increases to around 20%, to such a degree that it determines dispatch and system operation, [4]. 
According to IRENA [5], measures to integrate RES into power networks can be conducted through four 
channels: 

1) System operation: Through improved system operation by using such approaches as 
dynamic line rating, advanced forecasting tools and improved coordination between the 
transmission and distribution grid levels.  

2) Smart energy technologies: With the help of enabling technologies, such as battery storage 
(bulk, behind-the-meter and e-mobility), deployment of flexible conventional generation as 
well as new distributed sources of flexibility and digital solutions (internet of things, 
Blockchain, AI, etc.). 

3) Innovative business models: Through new business models such as introduction of an 
aggregator of demand and/or supply  

4) Market-driven approach: By adapting the market design to the new reality where the 
system is no longer characterized by large conventional generation alone and passive end 
consumers. This cluster includes higher granularity of electricity markets and availability of 
trading options from the day-ahead timeframe to close to real time, market-based 
procurement of ancillary services, integration of smaller distributed providers into 
electricity markets, net billing and Time-of-Use (ToU) tariffs.  

 
These proposals will be addressed in the subsequent sections, yet, a number of steps can be undertaken 
in order to directly encourage and enable grid-sensitive behaviour of RES. Besides, clear incentive 
mechanisms for renewable energy that are transparent and stable enough to attract investments need 
to be articulated to achieve the pre-defined RES targets.   

Smart scenario 

Measure 1: Draft a dedicated renewable energy law governing RES integration 
and incentives 
So far in Viet Nam, quantitative goals for RES were determined in the PDPII and a 
number of decisions and circulars covered RES financing in the form of PPAs and FiT. 
A single law governing RES in Viet Nam can provide regulatory certainty, cover specific 
measures for implementation and adapt incentive mechanisms, including the 
development of these mechanisms over time and a progress assessment. 
 
Measure 2: Encourage private investment through simplifying investment and 
authorization procedures. 
Experience from countries with high shares of renewables highlights the importance 
of straightforward procedures for investment and reasonable authorization times.  
 
 
Measure 3: Provide a possibility to sign PPAs with private entities and extending 
to projects combining RES and storage.  
It is recommended to allow PPAs between RES project developers acting as 
independent power producers and large customers or, in the future, retailer 
companies, as a first step of adjusting RES incentives. 
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So far, RES are currently completely isolated from the market and have a single buyer, i.e. cannot be 
purchased or contracted by a large industrial, commercial or small residential customer for example. 
Possibility of direct procurement may be beneficial not only for generation but also for consumption of 
energy from RES.  
 
Measure 4: Specifically encourage distributed generation from RES.  
At the moment the expansion of RES capacity in Viet Nam is focused on large utility-
scale vRES projects and is concentrated in a few areas (see Figure 5.5). As a result, there 
is a disparity between the location of demand and generation. The country can achieve 

a leapfrog development by adopting 
large shares of renewables through 
decentralized grid operation. In a 
decentralized system, energy is produced in multiple 
locations all over the country and consumed close to the 
source, thus limiting impact on the national power grid.  
 
Decentralized renewable energy production can help 
safeguard system stability, as compared to large utility-
scale deployment. This approach also helps to ensure 
better siting decisions, i.e. avoiding situations where 
supply is concentrated disproportionately in one area, 
away from the demand, or improve the overall 
distribution of RES across the country.  
 
Besides, formalizing the encouragement of distributed 
RES generation in a decision, it is important to extend 
existing incentives applicable to utility-scale projects to 
smaller-scale distributed DER to avoid distortions and 
ensure equal treatment.   
 
Measure 5: Comprehensively address 
and encourage RES on the consumer 
side. 
For this, specific provisions can be 
included in a law focussing on RES, 
including political goals and incentives 
for consumers, industrial, commercial 
and residential,  to invest in, generate and consumer 
electricity from own or community-owned RES.  
 
According to the analysis conducted by the World Bank in 
2019, the potential of small-scale solar alone is 
considerable: for instance, in Ho Chin Mihn, rooftop solar 
potential of an impressive 6.4GW was be achieved [6]. 

Figure 5.5. Installed and approved solar  
and wind capacity in Viet Nam. 
 
To harvest this potential incentives for industrial, commercial and residential customers are needed, e.g. 
net metering schemes, helping consumers to reduce their electricity bills by investing in green 
technologies. A net metering scheme would allow consumers to obtain a tax-free retail credit with their 
supplier through self-generation. 
 
As self-consumption reduces system stress and can reduce peak demand over a longer term, some 
countries already offered lower taxes or tax exemptions for self-consumption. 
 
A negative lesson learned from Spain shows that a so-called “solar tax” levied on consumers with onsite 
solar PV discouraged consumer investments for years, taking the country a big step back in the 
integration of RES, despite very favourable geography. Therefore, in terms of taxation, burdensome 
charges for self-consumption should be avoided.  
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Measure 6: Design a transition plan from FiT to market-based incentive 
mechanisms for RES 
So far, solar projects receive FIT-based depending only if they are grid-connected and 
have an efficiency of over 16% (Decision No.11/2017/QD-TTg). However, the 
regulatory framework has some challenge as, for example, the absence of a long-term 
policy on RES tariff. Recently, the FiT policy concerning solar power in Viet Nam was 
drafted for a two-year period between July 2019 and July 2021, which grants different 
FiT tariffs depending on the irradiation region where the unit is located. Furthermore, the tariff is 
reduced in the second year of the scheme.   

 
It is necessary to consider that FiT schemes imply a significant public expense and are not sustainable 
over a long term whereas the costs of RES are falling, a gradual phase-out is needed in combination with 
alternative mechanisms. In the future, it is recommended to progressively align RES incentives with 
electricity market signals.  
 
As a first step, creating the link between RES project and the electricity market prices and RES (cost-) 
efficiency and the degree of funding can be better achieved through feed-in premiums (FiP) or so-called 
contracts for differences (CfDs), which are also called “symmetric feed-in premiums”. The former implies 
that a RES power plant is ensured a premium on top of a wholesale power price. The latter is a two-way 
mechanism: it stipulates a specific price that a RES power plant should be able to recover for its 
generation. If the market price goes below the stipulated price, the plant receives a premium. 
Conversely, if the market price is above the contract price, the plant operator pays back the difference 
between the market and the contract price. CfDs provide a good hedging mechanism for investors and 
can potentially be used as an efficient alternative to PPAs as they allow to couple the incentive for RES 
with electricity market signals (see also Measure 7).  
 
In the second step, a CfD approach can be combined with a RES auction, particularly now that the costs 
of RES have been rapidly falling. RES auctions allow to allocate limited funding to the most efficient 
generation based on the bid generation costs. RES auctions can be either mixed or technology-specific 
where project proposals are evaluated and auction participants announce their price per MWh. The use 
of auctions can further allow to establish a link between the grid development status and the speed of 
approval of RES projects. Specific design of a RES auction requires an analysis of its own. For the sake of 
an overview, main aspects of RES auctions as compared to the traditional FiT are described in Table 5.2.  
 
 
Table 5.2. Main advantages and disadvantages of FiT schemes and RES auctions (based on [7], [8], [9] and 

own research) 

 

Feed-in Tarif RES auction 
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▪ Long-term contracts to producers 
 
▪ Guarantee a market for the 

electricity generated from wind, 
solar and other renewable sources 

 
▪ Help investors to expand renewable 

energy technologies  
▪ Risk and regulatory obstacles 

reduction 
▪ Create stable markets for 

renewable energy sources 
▪ Allow companies or projects to 

borrow at more affordable rates 
▪ Allow to decline renewable energy 

prices through learning and 
innovation 

▪ Can increase community ownership 
of energy resources 

▪ Can tailor to specific renewable 
energy technologies and project 
size 

▪ Auctions can be combined with different 
remuneration options, in with feed-in tariffs (FIT), 
sliding premiums (or Contracts for Differences, CfD), 
fixed feed-in premium (FIP) or capacity-based 
payments (like investment grants) 

▪ Selection of the preferred bidder on criteria other than 
price allows for the achievement of multiple policy 
objectives (e.g. local employment, local environment, 
industrial development, etc.). 

▪ In the Sealed bid format is clear for bidders how these 
auctions work, making that the cost of participation 
tends to be lower than in more complex auction 
designs 

▪ In the dynamic auctions format the bidders can adjust 
their bids based on information revealed throughout 
the auction runs, improving the efficiency of the 
auction and mitigating the winner’s curse 

▪ Dynamic auction format is less vulnerable to 
corruption 

▪ In the uniform price sealed-bid auction is viewed as a 
fair auction since all winners receive the same price 
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Feed-in Tarif RES auction 

 ▪ Price Ceiling system allows a broad agreement in that 
ceiling prices to cap the risk of high cost to consumers 
and mitigate budget risk in case there is not enough 
competition 

▪ Seller concentration rules allow to increase the 
competition and avoid that a single bidder capture all 
budget.   
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▪ The guaranteed price may turn out 
to be too high, which can erode 
support for the program and lead to 
unnecessary public costs 

▪ Hard to keep up with changes in 
cost of renewable energy systems, 
other incentives available 

▪ Create inherent tensions between 
maintaining policy stability to 
ensure investor confidence and 
adjusting the policy when 
unforeseen problems or new 
information arises 

▪ As governments increasingly use 
feed-in tariffs and other policies to 
encourage renewable energy, 
jurisdictional clashes and legal 
challenges can result, if the program 
includes rules mandating local 
sourcing or job creation, the policy 
may clash with international trade 
agreements or interstate trade law. 

▪ Likely to cause increase in the cost 
of electricity to customers unless 
other funding sources are used 

▪ In the multi-criteria auctions, the least cost bidders 
might not be selected. This creates an extra cost which 
must be weighted with the benefits stemming from 
achieving those other policy objectives 

▪ In the multi-criteria auctions, subjective decisions 
could be taken place for this reason the weights of the 
criteria must be very clear from the start in order  

▪ In the sealed bids format is not allow bidders to 
acquire information on the price of the products and it 
is more likely to lead to the Winner’s Curse. 

▪ In the dynamic auctions format when competition is 
weak, revealing excessive information can be 
counterproductive because bidders could use that 
information to coordinate their bidding, increasing the 
final price of the auction 

▪ The uniform price sealed-bid auction can be 
sometimes difficult to justify having sellers (i.e. 
bidders) with very different cost structures receiving 
an identical price for the energy sold 

▪ Price ceiling system need a complex discussion about 
the level of the price to cover the risks. 

▪ Seller concentration rules can interfere with the 
market allocation. 

 
By using RES auctions, the regulator can ensure that projects are chosen in different locations and 
therefore improve RES distribution across the country and prevent bottlenecks with the help of 
allocating a limited maximum number of installation permits.  
 
Measure 7: Allow RES to participate in wholesale electricity markets, including 
those with a lower installed capacity.  
Following second phase of the electricity market reform in Viet Nam, power plants, 
including among others private power plants, with minimum installed generation 
capacity of 30MW are allowed to participate in its wholesale electricity market since 
2019.  
 
In order to align RES integration with market signals and enable equal treatment of generation 
technologies, it is recommended to allow market access to RES generators, including those with installed 
capacity below 30 MW and to generators located at all voltage levels.  
 
Measure 8: Introduce a compensation mechanism for curtailment and use 
curtailment of RES as a measure of last resort.  
Currently, wind park developers do not receive any compensation for interruption (Cf. 
Circular 02 of 28 February 2019 defining the template for PPAs of wind power and 
Decision 39 of the Prime Minister). According to the PPA template, EVN is under no 
obligation to compensate RES wind producers in the event of a network overload, 
shifting the risk to project developers and operators. As instances of congestion and 
grid overload increase, the frequency of times when RES are curtailed is also on the rise, which 
ultimately undermines the goal of achieving a more sustainable and clean energy supply.  
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In order to progressively decarbonize the Viet Nam power system, it is proposed to update the 
congestion management mechanism to allow for compensation of RES for curtailment services and 
preferably reduce output from conventional generation or, in the future, use flexible distributed 
generation before curtailing RES. In the transition phase, a strategic reserve of generation available for 
upward and downward regulation in the event of congestion can be introduced.  
 

Smart Max scenario 

Measure 9: Provide incentives for hybrid wind and solar projects 
Taking into account that solar and wind generators are characterized by different but complimenting 
generation profiles, providing benefits (e.g. a higher FiT or premium) for solar-wind projects or projects 
vRES generation with storage can help address the issue of their inherent volatility and improve their 
siting.  
 
Measure 10: Introduce balancing responsibility of generators, including RES 
generators in order to encourage them to contribute to system stability.  
This measure would require a transition to self-scheduling. So far the power system of 
Viet Nam is characterized by central dispatch, where the load and generation 
forecasting and generation dispatch is the sole responsibility of the system operator 
(NLDC). In a self-scheduling system, in turn, participants are: 

1) Responsible for scheduling their own generation and submitting these 

schedules to the system operator ahead of time 

2) Carry balancing responsibility, i.e. are financially liable for schedule deviations.  

Balancing responsibility can be applied to both generation and consumption in either direct or mediated 
manner, e.g. through a load-serving entity (US) or a balance responsible party (EU), particularly as 
demand becomes more responsive. Since it is more challenging for vRES to provide a reliable schedule, 
as a transition measure, financial responsibility for imbalances of vRES can be lower imbalance penalty 
than that of conventional non-intermittent generation or slightly higher margins for error. Both of the 
methods are applied in Europe and in the US markets [10]. 
 
In order to successfully implement this measure further adjustments to the electricity market are 
required, as described in Measure 11. 
 
The proposed measure requires a significant adaptation of the current dispatch model but is also more 
likely to achieve a positive effect in improving RES forecasting and allowing all market actors to 
contribute to system stability.  
 
Measure 11: Improve RES forecasting by shortening the timeframe of the 
wholesale electricity market 
Experience from both the EU and the USA demonstrate a greater efficiency through the 
availability of intraday bidding, i.e. shorter lead time between market gate closure and 
the time of delivery, and a higher economic welfare [11].  
 
Adjusting the timeframe of electricity markets by moving the market closer to real time 
or introducing a rolling horizon with several clearing times, between day-ahead and intraday 
timeframes can allow to take profit of an improved RES forecast. By providing market participants with 
an opportunity to submit their bids close to real time, it can be ensured that volatile RES are able to 
participate reliably as their forecast improves closer to real time. At the same time, it is necessary to 
allow market actors to optimize their portfolios in order to avoid imbalances.  
 
This measure can be complimentary to a centralized forecasting system, forecasting procedures. RES 
forecasting can be further improved on the system operator side, mainly in order to have sufficient 
reserves to cover potential imbalances.  
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Timeframe 
Long-term 

Priority 
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Mid to long-term 
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Measure 12: Allow RES and small-scale technologies as well as a larger number 
of fast conventional generation to participate in system balancing.  
Balancing services are currently procured by the network operator from a limited 
number of hydropower planed under a predefined remuneration scheme. Experience 
from several European countries already demonstrated that (aggregated) RES can 
successfully provide even faster balancing services for downward regulation. In this 
way, instead of aggravating the system state, they can also contribute to frequency 
control.  
 
The development of a harmonized prequalification procedure and testing is required in order to clarify 
technical requirements for different technologies to participate. In particular, it is important to allow an 
aggregated participation of balancing resources in order to deliver a sufficient volume for balancing and 
optimize activation. 
 
Measure 13: Introduce measures to allow generation and consumption of RES from community-
owned units. 
To further develop Measure 5, another recommended way to encourage RES development on the 
consumer side includes providing an option for different consumer types to jointly use a standalone RES 
unit that is either located on consumers’ premises or in their proximity or a rooftop-mounted unit for 
self-generation and consumption. Joint ownership models do not just facilitate investment through cost-
sharing, allow the unit to be used more efficiently and would require less communication infrastructure 
as compared to small units at the premises of individual consumers. In this way, more RES generation 
can also be consumed locally.  
 
In the future, an additional measure encouraging consumer engagement would be allowing consumers 
with RES generation to contract an intermediary in order to sell their surplus generation at the 
electricity market. Allowing consumers to form energy communities and share the use of a large RES 
installation, e.g. on the rooftop of a multi-unit building or a group of buildings, or a larger off-site 
installation can contribute to consumer engagement in the context of Smart Grids. Such units can be 
operated with the help of a supplier or, in the future, of an aggregator (see also Measure 4 in Section 
5.3). This measure can be combined with additional ways to encourage investment such as mobilizing 
different types of customers, industry, commercial and households, to install solar PV through power 
corporations (PCs) and awareness-raising campaigns. 
 

Priority 

        
Timeframe 
Long-term 
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Summary 

 
Figure 5.6. Summary of the measures recommended to a grid-sensitive integration of RES. Measures associated with the Smart Max scenario are marked with “MAX”. 
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5.3. Smart and flexible supply and demand 

Associated challenges: 

1. 10-12% yearly growth rate of electricity demand 
2. Potentially insufficient resources to address future energy needs and infrastructure 

requirements 
3. Challenge of creating a full-fledged electricity market mechanism: The ongoing liberalization 

of the power market: the process is planned to finalize with the introduction of the retail 
electricity market in 2023.  

 
 
As the Viet Nam power grid and expansion of new generation capacity are struggling with keeping pace 
with high and quickly increasing levels of demand, this creates issues with generation adequacy and 
security of supply in the country. This trend creates an urgent need for a greater system flexibility.  
 
On the grid side, flexibility can be achieved through the optimization of the current power grid operation 
and grid reinforcement and expansion, particularly to address such issues as congestion. Expansion of 
grid infrastructure is one of the most obvious flexibility measures, yet not the most cost efficient and, 
given the topological specifics of Viet Nam, its elongated and mostly thin shape and a sea border on the 
East side of the country, grid expansion opportunities are limited.  
 
Network-related measures are only one of the multiple channels through which power system flexibility 
can be increased. On the supply side, an additional flexibilization of existing power plant inventory can 
be introduced, for instance, by modernizing must-run power plants to reduce their minimum load 
requirement or providing incentives to invest in fast gas turbines. Furthermore, a large untapped 
flexibility potential on the supply side was identified from distributed generation (quote). Other 
channels include system operation, markets, load and storage, as illustrated in Figure 5.7.  
 

Figure 5.7. Channels and measures to increase power system flexibility and estimated costs (adapted from 
[12]). Note that estimated costs depend to a large extent on country conditions and specific technology 

costs. 
 
System flexibility can be improved in a number of ways, which are best implemented in a combination. 
Alternative sources include flexibilization of the demand side and the use of stationary and mobile short-
term storage such as batteries and long-term storage (e.g. power-to-X). Small-scale sources of flexibility 
on the supply and demand side as well as storage located at medium to low voltage levels are covered 
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by an umbrella term “distributed energy resources” (DER). According to the German Ministry of 
Economy and Energy (BMWI), the most cost-efficient effect can be achieved through integrating 
different providers of flexibility into electricity markets and allowing them to compete [13]. Finally, 
other measures increasing system flexibility such as international cooperation should not be 
overlooked. 
 
Although there is no universal metric for flexibility measures and their costs are to a large extent 
dependent on a technology, country conditions and evolve over time, Figure 5.7 gives a good idea of 
existing options and their respective costs. System-operation measures related to RES were addressed 
in Section 5.2 and network-related measures will be discussed in the subsequent Section 5.4 whereas 
this section focuses on the remaining channels.  
 
It is important to consider all possible options in order to anticipate the need for flexibility and integrate 
sufficient volumes in a timely fashion. If successfully implemented, RES generation in combination with 
DER and DR options will help Viet Nam to reduce dependency of fuel imports, especially coal imports. 

Smart scenario 

Measure 1: Update regulation with respect to targets and functionalities of Smart 
Meters.  
Smart meters are an absolute prerequisite for an effective demand-side management 
and to enable advanced billing schemes. It further requires meter data management 
models that are harmonized across the country. The processed data needs to be 
provided in a uniform format to the market, especially to the customers’ supplier(s) 
(and/or aggregators). This becomes particularly important in the context of ongoing 
digitalization and the need for a more active management of the distribution grid, esp. due to 
bidirectional energy flows as the volumes of generation at the lower voltage levels increases.  
These changes are needed before the shares of DER become significant. 
 
It is recommended to include a requirement to install Smart Meters for consumers in Viet Nam 
specifying a quantifiable target (e.g. % of households) and define minimum required functionalities of 
Smart Meters. To facilitate transparency and incentivize consumers, these should be provided with their 
consumption and billing information in an easily understandable format.  
 
Measure 2: Establish a flexibility resources register  
A continuously updated flexibility register (e.g. similar to one proposed in [14]) may 
help to provide a better visibility of available flexibility and their connection points to 
the system operator. 
 
 
Measure 3: Design a comprehensive legal framework for DR, both implicit and 
explicit 
Recently, a high-level national DSM program as well as four DR approaches were 
designed in Viet Nam. Although already fairly versatile, all the approaches are forms of 
implicit DR. In order to better integrate consumers into future Smart Grids, it is 
recommended to also consider alternative ways of incentivizing consumers though 
legal provisions for explicit DR, that is, through their access to specific markets for DR 
or, in the best case, to regular electricity markets. To be economically viable, DR needs to be able 
participate in the wholesale market (see also Measure 4) or be deployed in a system-serving way, e.g. by 
participating in peak shaving and providing balancing services to the network operator (see also 
Measure 9). Thereby from different consumer types, industrial, commercial and residential should be 
considered as their incentives likely differ. Explicit DR mechanisms can encourage operators to 
proactively implement DSM programs. For instance, DR auctions, especially from energy-intensive 
industrial customers (interruptible loads), have been used both in some European countries and in the 
US. Experience from the US shows how DR auctions allow to bring all kinds of loads, including 
aggregated households, to enhance system flexibility by shifting consumption to more network-
favorable times.  
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Short to mid-term 
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Provision of flexibility for system services from DER and consumers can also be organized as a platform 
operated by the regional system operator responsible for the planning and operation of distribution 
grids or an independent third-party operator and provide different kind of services ranging from inertia, 
voltage control, black-start capability or peak-shaving. In order to foster investment, prices should be 
determined by the time value of flexibility. This at times can lead to price spikes. An alternative solution 
would be reservation of capacity and storage.  
 
 
In order to create a full-fledged wholesale electricity market a number of further steps would be 
required such as: 
- allowing participation of different kinds of technologies, incl. vRES, in wholesale markets, 
- adjusting the timeframe of electricity markets to minimize the effect of forecast errors and imbalances. 
 
Measure 4: Allow DER and DR to participate in the wholesale electricity market 
Flexibility must be harvested at all voltage levels with the help of smart energy 
technologies.  Progressive integration of DER can also assist in addressing system 
adequacy problems. 
 
Majority-state-owned utility companies have so far enjoyed a monopolistic position in 
electricity transmission, distribution and supply. The system is also mostly tailored to 
conventional fossil-fueled generation.  
It is recommended to further open up access to the wholesale market to all participants, independent 
power corporation and, in the future, to aggregators (see also Measure 4).  
 
In order to create sufficient incentives for investment into flexible DER, it is recommended to facilitate 
their access to the wholesale electricity market by lowering entry barriers. Firstly, this would include 
specifically stipulating in a decision that all actors can participate in the market regardless of technology 
and source (supply or demand). Secondly, this will require an adjustment of the minimum installed 
capacity requirement, from the current 30MW to 1 MW, potentially in a gradual transition process to a 
smaller bid size.  
 
Measure 5: Introduce portfolio aggregation and a legal provision for establishing 
a DSM/DR aggregator.  
Although aggregation can be performed by the system operator currently responsible 
for dispatch in Viet Nam, operators of multiple plants should also be allowed to 
perform a function of an aggregator and to pool RES and other resources into a single 
virtual power plant (VPP). 
 
Besides coordination, engagement and management of complexity as technologies are becoming more 
sophisticated, aggregators enable economies of scale and scope as well as assist smaller participants in 
mitigating risks [10]. Particularly if balancing responsibility of power system actors is introduced (see 
also Measure 10 in Section 5.2), an aggregator can also help minimize the costs of imbalances: As 
schedule deviations of different units may occur in opposing directions, this can have a netting effect 
within the same VPP. 
 
However, before allowing aggregation in the regulatory framework it is important to clarify the issue of 
balancing responsibility as described in Measure 7. 
 
Measure 6: Adjust the proximity of the wholesale electricity market closer to real 
time 
Since the sum of all deviations in either direction ultimately sets together the net 
deviation, allowing portfolio-based balancing would incentivize operators to choose 
their portfolio wisely and optimize the resources jointly. Market participants can 
perform portfolio balancing in order to minimize imbalance costs but also in this way 
keep the system more stable. For this, the availability of short-term electricity market 
where trading can be performed to “smooth out” imbalances is crucial.  
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Measure 7: Review planned retail market rules 
The introduction of the electricity market in Viet Nam is characterized by a 3-stage 
process from the generation market to the wholesale electricity market to the retail 
market. The first two stages have been successfully tested and rolled out. As the retail 
market is being introduced in Viet Nam as the last phase of the electricity market 
reform, it is important to address the issue of consumer engagement: 
- Retail prices are kept artificially low, which creates distortions and inefficiencies.  
It is recommended to initiate the process of deregulating electricity prices, based on the principle of cost 
transparency. Introduction of subsidies is conceivable and virtually unavoidable, particularly to protect 
vulnerable consumers, yet, these should be made explicit. An additional argument for deregulating 
electricity prices, is the creation of a viable incentive for consumers to optimize consumption, invest in 
own generation and self-consume.  
- The measures should not be limited to ToU tariffs but can include a wide array of options from net 
metering to DR participation in electricity markets. 
- The measures should not isolate customers from the market, e.g. allowing market signals through 
dynamic tariffs, improving access to information and further tailoring contracts to different customer 
groups.  

 
Measure 8: Introduce direct or mediated balancing responsibility of generation 
and consumption to improve forecasting 
As already explained in Section 5.2, the introduction of balancing responsibility of 
market participants allows to ensure that they are also incentivized to contribute to 
system stability and are financially liable for imbalances incurred under “polluter pays” 
principle. Consumer groups can be balanced jointly by the supplier or a different entity, 
such as an aggregator (mediated balancing responsibility) 

 
Finally, distributed generation is in the very early stages of development largely due to concerns over 
increasing grid instability. It is further recommended to regulate decentralization by explicitly 
accounting for DER and granting them access to the electricity market. For this, responsibilities can be  
gradually passed to aggregators from individual operators to reduce transaction costs and improve grid 
operation efficiency.  
 
Measure 9: Allow balancing services to be procured in market-based way to 
create an additional incentive for providers of flexibility.  
Balancing markets in some form have already been implemented in the EU countries, 
US states, Australia and Japan. Although balancing services from a limited number of 
providers are already remunerated in Viet Nam, there is no dedicated market for 
balancing. It is recommended to introduce a standard balancing prequalification 
procedure (in the future, similar procedures can be introduced for reactive power and 
other ancillary services) and allow other technologies besides hydropower to offer standard services at 
competitive prices.  
 
To enable participation of smaller-scale units (generation or DR), it is necessary to allow portfolio-based 
prequalification and bidding.  
 
Measure 10: Extend the pool of balancing service providers to DR providers.  
In particular, it is recommended to allow balancing from aggregated DR bundled 
together by a market actor. This approach has already proven to deliver good results 
worldwide. Aggregation is often crucial to provide a meaningful service to the system 
operator. Often, smaller units are incapable for providing sufficient capacity on their 
own or are hindered by technical constraints. As aggregation of small-scale resources 
in a single virtual power plant controlled by e.g. a supplier or an aggregator can help 
overcome these individual constraints and deliver a sufficient volume, this is a viable way of engaging 
distributed energy resources in a system-sensitive way. In sum, such use allows to address system 
stability concerns that might be caused by DER and instead allow them to contribute it.  
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Measure 11: Introduce procedures for a systematic evaluation of the success of 
DR/DSM programs and assess feasibility and standards for determining the DR 
potential.  
 
 
 
 

Smart Max scenario 

Measure 12: Explicitly address storage in the regulatory framework 
Experience around the world shows that availability of storage options will play a 
crucial role in the future integration of RES and in tackling their intermittency by 
absorbing excess RES generation and shifting consumption of the energy produced 
from RES to off-peak times. As the costs of storage are rapidly decreasing, it is 
important to provide sufficient incentives for investment and deployment.  
 
Explicitly encouraging the use of storage as a flexibility option in the regulatory documents is 
recommended. Incentives for investment in storage could be that the support schemes for eligible RES 
can be extended to those projects where storage systems are included (for more detail see also Section 
5.2). If aggregation is allowed, storage can become a valuable asset for portfolio optimization and 
balancing, particularly for the fastest reserves thanks to very short activation times.  
 
Measure 13: Introduce explicit network tariffs as part of a deregulated electricity 
price instead of regulated electricity prices 
As mentioned earlier in this section, cost transparency is the first key step to an 
efficient cost allocation. System costs, including those stemming from the Smart Grids 
rollout, should be recovered explicitly from network tariffs. These can be further 
subdivided into several kinds, depending on the allocation category, such as network 
losses or network usage.  
 
Network tariffs is a crucial mechanism used to reflect the value and network costs of Smart Grids. 
Currently, approaches to network tariffs are widely ranging among countries. Yet, it is widely 
acknowledged that tariffs can help to better follow the costs incurred by the network operator and 
recover system costs. At the same time create, adequate tariffs can give an additional incentive for 
generation and consumption to become more efficient and/or green. For this, tariffs should not be 
incurred both by consumers and by generators. 
 
Network-tariff-driven incentives can be developed for gird-supporting behaviour by both demand and 
supply. Specifically, lower network tariffs can be considered for highly efficient and sustainable 
generation or to consumers for consuming energy in off-peak periods or investing in solar panels and 
minimizing the use of upper network levels. Alternatively, introducing tariffs based on peak 
consumption to reflect their effect on actual network costs, would incentivize consumers to shirt their 
consumption away from peak time and invest in DER. 
 
The necessary first step for the design of network tariffs is the introduction of incentive-based regulation 
regime of the grid operator, which was described in Section 5.1. These can also provide an additional 
source of financing for the grid extension and reinforcement requirements, according to the revised 
PDPII.  

 
Measure 14: Analyze the potential of e-mobility and a possible inclusion in the 
regulatory framework 
Although e-mobility and charging infrastructure has not been address in the regulation 
of Viet Nam, in the long-term, e-mobility can become an additional source of flexibility 
in Smart Grids. Research results from different parts of the world already tested e-
mobility applications for system services, mainly as a mobile form of storage. Additionally, e-mobility is 
seen as another way to decarbonize not only the electricity but also the transport sector, so wide-ranging 
incentives are offered to promote uptake. On the other hand, experience showed the importance of a 
country-wide harmonized charging infrastructure standards. All these aspects ranging from technical 
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standards for charging infrastructure to incentives for e-mobility can be covered in the future regulation 
in Viet Nam, yet were not deemed high on the priority list.  
 
Measure 15: Analyze the potential of microgrid applications and a possible 
inclusion in the regulatory framework 
The three fairly different aspects of future Smart Grids were combined in single 
measure as they represent advanced applications and, so far, found only a limited 
regulatory coverage around the world.  
 
Microgrid applications for intelligent grids could be interesting for Viet Nam’s numerous islands. R&D 
efforts could focus on smart control systems of DERs and home management systems, similar to the test 
bed on Jeju Island in Korea, covered in chapter 2 of the report. In particular, island microgrids can be 
used to test solutions before large-scale implementation on the mainland. Additionally, microgrids could 
be interesting to test local autarky in the event of a power outage, e.g. due to an extreme weather event.  
Microgrid applications can also be tested as part of a regulatory innovation zone (RIZ), as will be 
explained in the next Section.  
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Summary 

 
Figure 5.8. Summary of the measures recommended for smart and flexible supply and demand. Measures associated with the Smart Max scenario are marked with 

“MAX”.
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5.4. Smart transmission and distribution networks 

Associated challenges: 

1. 10-12% yearly growth rate of electricity demand 
2. System stability issues  

 

Smart scenario 

Network codes 
Measure 1: Define minimum operational ranges for DER 
In order to enable grid support functions from DER, the operational ranges and 
minimum duration of operation must be defined in the network codes. Similarly, 
operational ranges for voltage and performance requirements under frequency 
deviations must be explicitly specified (Some of reference network codes are provided 
in Task 1 of this report).  
 
Measure 2: Stipulate explicit mandatory requirements for advanced grid 
support functions from DER 
As with the expansion of energy resources not only on the transmission but also on the 
distribution grid levels, the stability of the distribution grid might be affected. In order 
to avoid that, explicit mandatory requirements must be stipulated for advanced grid 
support functions from DER (active and reactive power control, ride-through 
capability) early on while the shares of DER are still insignificant.  
Priority: High; Timeframe: Short term 

 
Measure 3: Update grid codes 
In order to effectively integrate RES into the power network, existing regulations need 
to be revised to be compatible with evolving power system. The measures should focus 
on:  

• Fault-Ride-Through capabilities (frequency, frequency changes, over and 
under-voltage) 

• Reserve and spinning reserve.  
• Frequency and voltage parameter  
• Frequency and voltage control  
• Dynamic grid support  
• Power Quality control  
• Requirements for reactive power (e.g. Introduce different reactive power control modes 

(reactive power, power factor and volt-var control etc.), requirements for Automatic Voltage 
Regulation;  

• Operation in normal condition  
• Operation in contingency condition.  

 
Measure 4: Develop concept and implement Distributed Energy Resource 
Management System (DERMS) 
In order to manage the system with a high share of Distributed resources, monitoring 
and control systems need to be developed to allow the management of the sources. In 
detail these functions can be achieved by introducing DERMS for all system relevant 
DER, which implements 

• Real-time monitoring of the system parameters (generation, availability…) 
• Real-time immediate control of the system  
• Update DER control parameters, such and active and reactive power control characteristics 
• State-estimation of the network 
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Measure 5: Implement international standards for equipment as local standards, 
referred to in local codes 
In order to ensure reliable operation of DER, the compliance of the equipment with all 
relevant standards is crucial. To avoid any gaps, or uncertainty, relevant international 
standards requirements shall be referred to in local codes and regulations. 
Priority: High; Timeframe: Mid-term 
 
Measure 6: Require forecasting for system relevant vRES DER and establish 
forecasting schemes for Viet Nam.  
For an improved system operation, new advances forecasting techniques by the system 
operator are planned urgently needed. 
 
 
 
Measure 7: Standardize communication protocols among stakeholders and 
remote control of generators 
As the implementation of remote control centers is planned, it is necessary to ensure 
that all the communication protocols among the involved parties are harmonized 
across the country.  
 
 
Measure 8: Elaborate a voltage control strategy under the presence of large 
volumes of vRES and other DER in the distribution grid 
 
 
 
 

Standardization activities 
Measure 9: Consider international Smart Grid standardization roadmaps and 
interactive tools. 
For instance, the IEC TR 62357 Seamless Integration Architecture and interactive tools 
such as the IEC interactive Smart Grids standard mapping tool or the NIST Framework 
and Roadmap for Smart Grids Interoperability Standards should be taken into account.  
 
 
Measure 10: Address security-related issues early on 
In the system digitalization process, address security-related issues already in the 
planning and the design phase – a security-by-design approach is highly recommended 
-  using widely-used cybersecurity standards such as IEC 62351, IEEE 1686, IEEE 
C37.240, NIST IR-7628 or NIST SP 800-39.  
 
 
Measure 11: Integrate communication protocols and interfaces directly into 
components. 
For connecting SCADA systems, various devices and components, internationally 
acknowledged Smart Grid standardization roadmaps can provide a solid basis for the 
communication protocols and interfaces. As numerous gateways increase the amount 
of needed hardware and complicate the system, these should be avoided and direct 
integration into components should be preferred.  
 
Measure 12: Expand SCADA/DMS requirements to DER smaller than 10MW. 
It is recommended to reconsider SCADA/DMS requirements by reducing the threshold 
for applicable requirements to generation/consumption <10MW in order to expand 
the scope to DER for remote controllability.  
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Measure 13: Align the national standardization activities with international best 
practices. 
In order to ensure an interoperable and scalable system potential national 
standardization activities should be aligned and harmonized with international best 
practices like the M/490 standards mandate of the European Commission, the IEC 
Smart Grids standards roadmap/IEC Seamless Integration Architecture or the NIST 
Framework and Roadmap for Smart Grids Interoperability Standards to mention a few 
good practices.  
 

Smart Max scenario 

Measure 14: Set up microgrid testbeds on selected Viet Nam’s islands 
Current small microgrid projects can be expanded to investigate the autarky potential, 
test control systems for a greater grid resilience but also use microgrid to conduct R&D 
activities in a smaller (and therefore more manageable) system with regard to 
integration of DER, similar to other tests conducted on islands in the Asian region. 
 
Measure 15: Test and integrate further smart technologies in the power system 
Design incentive schemes for charging infrastructure and purchase of electric vehicles 
(EVs) or quantified targets for EV expansion. 
 
 
 
Measure 16: Investigate sector coupling potential in Viet Nam, between the 
electricity sector and heating and cooling systems as well as the gas sector.  
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Summary 

 
Figure 5.9. Summary of the measures recommended for smart transmission and distribution networks. Measures associated with the Smart Max scenario are marked 

with “MAX”
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5.6. Conclusions 

The growing electricity demand and penetration of variable RES create new challenges for the electricity 
sector and grid operation in Viet Nam. At the same time, in the last few years the sector has been 
undergoing a far-reaching market liberalization process. With the help of the advanced ICT technology 
Smart Grids can help to tackle these challenges and at the same time increase the operational and cost 
efficiency and connect all energy system stakeholders. Viet Nam has already accomplished major strides 
in decarbonizing and modernizing its system and posed more ambitious goals for the future power 
network and system through its Power Development Plans and the Smart Grid Roadmap. In order to 
achieve its goals and ensure a high level of preparedness for the future transition, a complex set of 
measures, covering the integration of renewables, smart energy technologies and networks will need to 
be introduced.  
 
This report accomplished several goals. It reviewed comprehensively the most recent best practice 
related to the regulation of Smart Grids from around the world and the associated aspects. It then 
summarized the most important details of the current state of regulation in Viet Nam. The situation in 
Viet Nam was contrasted with the international best practice in a gap analysis, which laid the 
groundwork for the policy recommendations presented in the final chapter. In this way, the authors 
identified three core areas of action necessary for Viet Nam to successfully implement Smart Grids, 
which should rely of a sound and stable Smart Grids policy. These action areas include grid-sensitive 
integration of RES, smart and flexible supply and demand. All the measures recommended by the 
authors were categorize according to the time horizon and degree of priority. Furthermore, additional 
measures were proposed as part of a more ambitious Smart Max scenario. 
 
Overall, the recommendations presented in this report rely specifically on the fulfillment of a number of 
high-level goals: 

• Cost efficiency 
• Cost transparency 
• Technology neutrality 
• Application of a competitive approach, whenever possible 
• Incentive-based mechanisms 
• Equal treatment (e.g. with regard to subsidies and other support mechanisms). 

 
It is important to point out that the implementation of Smart Grids is not the goal in itself but rather a 
means to achieve a more (cost-)efficient grid operation and a broad stakeholder involvement. There is 
no silver-bullet approach and the measures require a different degree of adaptation of the current 
regulatory framework. The report also shows that network operation is a crucial, yet not the only part 
of the solution: further measures are required on the policy, regulation and market level since the smart 
integration of all technologies, supply and demand needs appropriate incentive and support 
mechanisms.  
 
The important lesson learned from the overview of good practice is that progressive innovation and the 
rapid system transformation will require a more dynamic and responsive regulation, active monitoring 
of system operations as well as market competitiveness and corrective measures to provide appropriate 
signals and incentives to system stakeholders. Finally, similar to other countries active in the area of 
Smart Grids development, Viet Nam can greatly profit from a more active involvement in international 
collaboration through dedicated organizations where it can build more capacity and expertize and 
obtain valuable expertize in the effective implementation of Smart Grids in the country.  
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