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Executive summary 

With an electricity mix increasingly based on renewables, Electric Vehicles (EVs) can play a 
significant role in the decarbonization of the Danish transport sector and society. However, 
current EV market trends are too slow for electrified transport to play its part in the country’s 
energy shift to reach the 70% CO2 reduction goal set forth by the Danish government.  

This report focuses on the role of public authorities in supporting the development of clean 
vehicles in general and EVs in particular.  

We consider the techno-economic characteristics of EVs in terms of purchase and use cost on 
the one hand, and in terms of battery charge and flexibility, on the other hand, to delimit the 
scope of actions for supporting policies and framework conditions. 

Using a benchmark analysis, the report derives good policy practices from EV pioneer world 
countries and compares them to the recent Danish policy framework for EV development. 

Successful incentive frameworks build on a combination of instruments and measures directed 
at offsetting the overcost of EV compared to substitutable vehicles. Especially, good practices 
show that direct subsidy schemes together with tax exemption on EV provide the main incentive 
leading to purchasing decisions. These incentive instruments should then be combined with 
targeted policy measures that will further diminish the cost of use of the vehicle during its life 
cycle. 

We show that, despite a certain delay in the application of supportive framework conditions for 
the market uptake of electric cars, the overall set of recently adopted targets and policy 
measures in Denmark is aligned in terms of diversity with the regulatory package set forth in 
leading countries. 

However, the incentive framework shows substantial limits, particularly with regard to the 
incentive scope of the economic incentive instruments (subsidies etc.). In the absence of higher 
support schemes aimed at significantly dropping the cost of EVs for the consumers, it is unlikely 
that market sales will follow the trends shown in fast-growing markets such as Norway. 

In the meantime, the roadmap published by Danish authorities and the allocated budget for the 
roll-out of charging infrastructure over the coming years sends strong signals to the industry and 
future EV owners, that adapted infrastructure is underway. 

This report also pays particular attention to the flexible integration of electric car batteries to 
the electricity system. More specifically, we identify the provision of multiple flexibility services 
to the electricity markets as an additional source of revenue for car owners and a way to save 
costs and optimize operation on the electricity networks. 

Current electricity market rules applying to Denmark are scrutinized and barriers to the 
participation of EV to day-ahead and balancing markets are identified. 

Multiple current features of market product design and technical requirements for ancillary 
services and flexibility in day-ahead markets critically prevent business opportunities for electric 
car batteries. The following adaptions of market designs are necessary if we want to support EV 
participation to flexibility 

 Reduction of minimum bid requirement for ancillary services; 
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 Relax pre-qualification requirements and technical requirements on measurement 
devices; 

 Reduction of service duration; 
 Adjustment of non-delivery penalty; 
 Move gate-closure closer to operation hour; 
 Intensify market framework harmonization in Europe. 

The lessons learned and recommendations made to facilitate small flexibility providers’ 
participation at the TSO level can serve as backbone to develop suited rules at the decentralized 
level, too. EV should be eligible to the provision of grid services and penalties for non-delivery 
shall be fair and not represent an entry barrier.  

On the distribution level, unrestricted EV charging can lead to local system instabilities. To avoid 
the costly expansion of distribution systems, local markets emerge as a viable solution. Local 
markets should in priority provide signals reflecting congestions and voltage levels such that EV 
charging follows grid constraints in real-time.  

Additional transversal barriers to EV flexibility also arise from unsuited regulatory framework 
conditions. In particular, the current grid tariff scheme should be adjusted to better reflect local 
stresses on the network and further support the offer of new grid services. In the meantime, 
such a tariff would delay or avoid costly reinforcement on the distribution grid to accommodate 
the new load from EVs, and limit the electricity bill increase for all end-users. 

Finally, as Denmark does not have a domestic vehicle production, EV development also depends 
on decisions taken in the surrounding countries with an automotive industry, such as Sweden 
and Germany. Sweden seems to move towards an electrification of transport, while Germany is 
heavily investing in its hydrogen industry. It is likely that the respective outcomes of both 
strategy will affect future decisions in Danish transport sector, too. 
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1. Introduction 

The transport sector is one of the main determinant in current worldwide increase of primary 
energy consumption and CO2 emissions. At the EU level, this resulted into multiple initiatives 
to lower the carbon intensity of vehicles notably through the electrification of transport. 

European transport sector accounts for one-third of total European energy consumption, and 
passenger cars only account for 12% of total European CO2 emissions. The European roadmap 
for a low carbon economy in 2050 establishes that CO2 emissions in transport be reduced by 
60% to reach the 85 to 90% reduction target in 2050 (compared to 1990 level). Regulation EC 
443/2009 that sets mandatory emission reduction targets for new cars came into effect in 2015 
[1]. It sets the maximum average cars CO2 rejection limit at 130g/km, revaluated at 95g/km in 
2020, and exposes manufacturers to potentially heavy fines of 95 euros per additional gram and 
per vehicle sold. The Directive on Alternative Fuels (2015) mandated member states to set 
objectives for the development of EV charging infrastructure [2]. Revision to the Energy 
Performance of Buildings Directive (2018), set requirements for installing charging stations in 
new and renovated buildings. The 2030 Climate and Energy Policy Framework (2014) fixed GHG 
reduction targets for sectors out of the EU-ETS which should, overall, lower their emissions by 
40% compared to 2005 levels [3]. The transport sector, which accounted for about 15 million 
CO2t in 2005 in Denmark, was one of the main sectors targeted by the measure. More recently, 
the Clean Vehicles Directive (2019) set national targets for clean mobility solutions in public 
procurement tenders [4]. However despite this framework, the transport sector still struggles 
to lower its carbon footprint in most European countries, including Denmark.  

Denmark is among the leading countries in terms of the shift to renewable energies. The rapid 
decline in greenhouse gases (GHG) emissions for domestic energy production started in the ’70s, 
supported by public policies committed to the development of the renewable energy sources 
(RES). Denmark succeeded in cutting by 57% its electricity and heat production carbon emissions 
since 1990. With currently 60% installed electricity generation and almost half of the total 
domestic electricity demand based on RES, Denmark has the potential to supply a 100% 
decarbonised electricity by the second half of the 2020s. Transportation accounts for about a 
third of Danish energy consumption and GHG emissions. This makes mobility a major challenge 
of the energy transition. Increasing the electrification of the Danish transport sector would 
therefore actively contribute to reaching climate targets [5]. Finally,  

However, the shift to thermal engine to Electric Vehicle (EV) in Denmark remains slow [6] [7]. 
Some reasons for that are specific to the car industry. Electrified transport is still a young market 
with important inertia effect from the manufacturers and the supply chains, in a context where 
global oil prices are competitive. Other non-sectoral reasons feature the technical-economic 
environment where EV will develop in, and the regulation that applies to it.  

Policy action has a critical role to play to facilitate the market growth of EVs. Lessons learnt 
from other countries showing a successful market penetration of EV show that a package of 
policy measures is needed to support this growth in targeting the car manufacturers and the 
end-users, and at deploying the infrastructure of charging stations.  

The Danish strategy for shifting to clean transport is drafted in the Climate and Air Proposal 
(2019) and in the Danish Climate Agreement (2020). The texts establish the dual approach for 
the phase-out of ales of new petrol and diesel cars in 2030 and cleaner transport modes on the 
territory and announce a series of policy measures. In 2021, the government will finally present 
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its electrification strategy to reach the 70% target, which is expected to further accelerate 
profound transformation in the transport sector.  

Along this line, energy experts warn against the risk to deploy EV in the absence of smart 
integration. Dansk Energi, the Danish industry representative, estimates that a passive 
integration of EVs will result in large reinforcement costs (48 Mio. DKK) from the distribution 
grid operators to be able to supply at all time the additional electricity demand for the battery 
[8]. About a third of this cost could be avoided with the implementation of suited framework 
intended at making EV charging flexible.  

The flexibility of electric batteries in EVs open a new array of energy services that can be 
offered to the electric utility and to the electricity markets, thereby opening new revenue 
streams for the car owners. However, current electricity market rules hamper the full 
participation of EV flexibility to the balancing, and especially for ancillary services. 

Given that EV is at the interface between the car and electricity sector, the barriers to EV 
development have to be identified in both sectors, and suited policy action and market 
conditions implemented in both sectors. It is only under these conditions that the expected 
effect of the electrification of transport will take place and set the country on tracks to reach 
the 70% reduction target. 

The investigation draws conclusions for Denmark and focuses on the enabling conditions that 
support the development of EV in paying a special attention to the policy measures aiming at 
improving EV competitiveness in the car market and on the electricity market design for EV-
based flexibility. This report makes a distinction between the two grid levels: the transmission 
system with traditional energy services (balancing and frequency services) and the distribution 
system, with new grid services for local stability and power quality. 

2. Market outlook for EVs in private transportation 

2.1 Historical development of EV sales in Denmark 

The cumulative sales curve for EV is growing exponentially on the global market. According to 
the global EV reports from the International Energy Agency [9], in 2016 a record of 750,000 sold 
electric cars was reached, more than half of them in China. During that same year, the 
infrastructure of public charging stations also grew at an annual rate of 72% to support this 
growth. In 2018, the global electric car fleet exceeded 5.1 million, up 2 million from the previous 
year, and almost doubling the number of new electric car sales [10].  

The global EV market is expected to continue to grow in the coming years. According to 
Bloomberg New Energy Finance, the EV market in 2030 will reach 30 million sales per year and 
the EVs in circulation should reach 500 million units before 2040, or one-third of the total fleet. 
The current growth of the EV market is primarily due to the rapid drop in the cost of batteries 
by around 10 to 30% per year. Cells could be produced for a price of around 74 $/kWh in 2030 
compared to today’s prices of approximately 200 $/kWh or even less [11], [12]. In four to six 
years maximum, Bloomberg predicts that the price of an electric battery vehicle will be the same 
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as that of an internal combustion engine (ICE) vehicle [11], under current price conditions for 
lithium.  

Europe is the second-largest market for EV sales after China, with different adoption rates 
between the countries. Among them, Norway shows the world's highest EV penetration rate, 
where half the total car sales was EVs in 2018. The following biggest EU markets are Germany 
and France, which have a car industry, and Denmark. 

2.2 2050 projections 

Despite this good position, electric vehicle sales in Denmark have so far on average followed the 
lowest trajectory and EVs have so far not played a significant role in Danish transportation.  

Figure 1 visualizes the fleet development of recent years for private EVs (in green) and hybrid 
vehicles (orange). The peak in EV sales is the direct positive impact of the introduction in 2011 
of the EV tax registration exemption, and the collapse of EV sales follows its withdrawal in late 
2015 [13].  

 
Figure 1. Development of sales of private electric vehicles in Denmark [14]. 

Even though in recent years the number of sales increased in Denmark, the overall share of EVs 
remains marginal. There is only a target on 4.1% electrified light-duty vehicles until 2020, which 
is likely to be achieved by the end of the year [5], and a soft goal of 1 million green vehicles in 
2030, which includes EV, Fuel Cell Electric Vehicle (FCEV) and vehicles using biofuels [8]. 

The projections of EV penetration vary drastically. A conservative approach is taken by 
Energiaftalen from 2018 [15], as shown in Figure 2. The vehicle stock projection is divided into 
Battery EV (BEV) and Plug-in Hybrid EV (PHEV) until 2050. Both together cover around 50% of 
the estimated private car stock of Denmark. Due to uncertainty about the penetration of either 
battery or hydrogen as energy storage, the remainder is left open. This projection is a 
conservative estimation based on the assumption that no economic incentives are given. When 
including subsidy schemes and tax breaks, similar projections have shown EV penetration to 
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close to 100% for private vehicles in Denmark. Therefore predictions underlay significant 
uncertainties. 

 
Figure 2 Stock projections on BEV and PHEV in Denmark until 2050 

In both BEV and PHEV cases, forecasts anticipate a slowing down and a reduction of sales 
respectively from 2040 that reflects that the technology is mature. In total, the projected vehicle 
stock of Denmark is around 2.3 million vehicles in 2050. From this stock, around 1.5 million 
vehicles are BEV and PHEV in this conservative estimation. The remaining vehicle stock can 
consist of biofuel-driven or hydrogen vehicles. 

Along with this increase, the electricity demand from private electrified transport reaches 
around 1.18 TWh in 2030, 2.51 TWh in 2040, and 2.65 TWh in 2050 compared to 32 TWh of 
overall Danish electricity consumption in 2018 [16], which stresses the potential for active 
integration of the transport and electricity sector. 

2.3 Market development Uncertainties 

Despite the forecasts, the evolutionary dynamics of the EV market are still uncertain in 
Denmark. As Denmark does not have a domestic car industry, the country is dependent on 
international development. In particular, the Swedish and German car industry may have an 
impact on the future Danish transport sector due to their proximity. While Swedish 
manufacturers are committed already to battery-driven vehicles, it remains questionable if 
German manufacturers will focus more on batteries or fuel cell cars. The competition that may 
arise between BEV and FCEV might in turn influence the choice of Danish charging infrastructure 
and low-emission vehicle market sales. 

Even though using an electrical drivetrain, the charging infrastructure is different as hydrogen is 
filled into the vehicle instead of electricity. In the light of the upcoming competition between 
BEV and FCEV, forecasting of vehicle stocks underlays major uncertainties also regarding policy 
decisions on infrastructure projects.  

The choice of the vehicle type is indeed not only dependent on the cost of the vehicle only, but 
also on the available charging and refilling infrastructure. The convenience of fast-fill up in less 
than five minutes can only be provided today by traditional liquid and gaseous fuels, whereas 
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the complete charging of an empty battery, even using fast charging still requires at least 20 
minutes. The development of dense charging infrastructure throughout the territory, supported 
by the sufficient electricity grid capacity is therefore a decisive element of the market uptake of 
electric cars. Subsequently, a chicken and egg problem arises, which can be influenced by early 
adoption of policy dependent on governmental preferences [17].  

Both market entry barriers and development of charging infrastructure can be addressed by 
public authorities through appropriate policy measures and planning strategy, as further 
developed hereinafter. 

3. Barriers to EV sales and the role of public authorities 

3.1 Main barriers to market uptake 

Barriers to the market uptake of EV can take multiple forms. They may relate to technical 
barriers. This is the case for example with technical or interoperability standards. There is a 
critical need for harmonized system designs, norms, and standards in the EV industry, covering 
hardware and information exchange protocols. Harmonized industrial standards for 
interoperability will minimize trade barriers, support non-discriminatory market entry to 
multiple competing firms, and the access for all EV to any charging infrastructure, regardless of 
the car manufacturer.  

The roll-out of charging infrastructure for EV is also a critical factor in successful market growth. 
The deployment should address availability needs and time charging needs, taking into account 
the location of the charging stations. In cities, where vehicles are generally used to cover short 
distances, the main deployment challenge is to guarantee a sufficient station density, defined 
by the number of available charging spots per registered car, distributed appropriately between 
workplaces and residential areas. At the household’s, or at work, the charging equipment can 
simply provide an easy night or long-time charging that both avoids saturating the electricity 
grid and gives the vehicle sufficient autonomy for its daily use. In collective housing, the car park 
should have a connection to the electricity grid. When EVs are used to cover longer distances 
the availability need from end-users shifts to fast charging need. Major highways especially must 
be equipped with charging stations that can compete in terms of waiting time and service with 
the time needed to refuel. Today, less than 30-minute fast-charging sites exist and innovations 
in this area are expected to further reduce charging time. It is the responsibility of EV 
manufacturers, charging station companies, governments, and industry groups to ensure that a 
consistent network of charging stations is rolled out.  

EV development also comes with changes in the mode and behavior of transport. While the ICE 
is associated with individual transport, e-mobility supports the development of car sharing. The 
impact that this new mode of transport will have on the private and business car market, 
particularly in terms of the number of vehicles in circulation, is still difficult to predict. 
Nevertheless, experts agree that substantial changes in transport modes are to be expected in 
the coming decades. 

Finally, market entry barriers can take the form of the market price. This barrier is common 
when a new and innovative product enters the market and competes with mature technologies. 
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Currently, the cost of buying an EV is 15-25% higher than for a traditional vehicle. This price gap 
differs widely between the different vehicle segments, with the lower price difference between 
small family cars, designed for cities, than between grand touring cars or luxury limousines. 
Other operating costs should also be considered on top of the purchasing price, such as fuel 
cost, in this case, the price per kWh. The fuel cost depends on both the price of the utilized 
energy commodity and the taxes associated with it. Electricity for transport has a clear 
advantage compared to gasoline since the continued growth of renewables in the electricity mix 
contributes to lowering the average electricity price per kWh, and since current energy strategy 
aims at increasing taxes on polluting fuels. The total cost of ownership (which combines the 
purchasing price and the other operating costs) allows a finer and more readily understandable 
comparison of the different drivers in EV prices and the design of tailored incentive instruments.  

3.2 Public incentive instruments 

Overall, a sound EV policy will send the signals to the automotive sector and supply chains for 
market growth potential, and the end-user that the technology is market-ready. Figure 3 shows 
the unfolding of public actions and instruments applicable to each segment.  

 
Figure 3: Types of policy measures for EV development by segment 

Identifying which measure is the most appropriate to support EV development is challenging 
because their individual impact is case-dependent, and will vary from one country to another. 
For example, the definition of industrial norms and standards is critical in countries that have an 
automotive industry and for which this instrument is a lever for industrial development and 
growth. Besides, the strength of the incentive depends on its design. It is not enough to 
introduce an economic incentive to boost EV sales. The incentive should be high enough to 
effectively offset the cost risk.  

In what follows, we take a closer look to how different measures were implemented in some of 
the world leading countries for EV, and derive good practices.  
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3.2.1 Policy vision – Targets and bans 

Stable and supportive policy signals are key enablers to reach the full potential of EV 
development. A clear policy statement from national authorities with concerted targets 
provides the impulse for relevant sectors to take actions. Targets and bans can be set at the 
national level or at other relevant scale such as the city level. Especially, the city level is preferred 
for purposes of pilot projects and integration experiments with system operators. 

Several countries have already taken a stand to progressively shift to clean transportation using 
targets and bans. Norway has set the target of 100% zero emission (electric or hydrogen) or low 
emission (plug-in hybrids) car sales in 2025 and announced its intention to ban the sale of ICE 
cars the same year. Other countries also made public announcements such as the Netherlands 
who provides for a ban on ICE car sales in 2030, or France and the United Kingdom in 2040. Some 
cities like Stockholm or Brussels, have enacted direct regulations to progressively ban fossil fuel 
vehicles from circulating in the city. Germany and China are also considering stopping the sale 
of combustion vehicles, although they have not yet committed to a deadline. Bans may also 
target the diminution of pollutants. Large European cities, especially in Germany, have 
announced short-term traffic restrictions for the most polluting vehicles, often to lower the 
levels of NO2 emissions.  

Public action can also directly influence the market by defining public procurement rules aimed 
at limiting the environmental impact of its own fleet of public vehicles or that include minimum 
purchase requirements for EVs. Such rules can apply to the different levels of public authorities 
and be geographically targeted. Public procurement is used since 2017 in France, where 50% of 
new-bought cars in the government’s fleet must be electric, and was introduced in Sweden.  

In the case of electrified transport, this long-term vision has to be backed by a combination of 
measures acting on both ends of the supply chain, to mitigate market entry barriers for car 
manufacturers, and to stimulate consumption. 

3.2.2 Industry policy 

At the industry level, policy instruments can be directed at sharing the financial risk associated 
with specific steps in product development or take the form of industrial policies for the 
development of car or fuel standards. 

R&D funding programs and partnerships are often part of the public authorities’ strategy to 
support innovation especially in the field of battery research. Currently, the autonomy of 
batteries still constitutes a proven or perceived risk factor for the end-user. Although mid-range 
vehicles have enough autonomy to cover daily trips, there is still room for improvement 
regarding long-distance trips, even with fast charging. Cooperation alliances and pilot projects 
also fall into this innovation support scheme. In the Nordics, Oslo, Stockholm, and Helsinki have 
joined the Global EV Pilot City Program launched in 2018 by the Electric Vehicle Initiative and 
alongside Germany are among the four European countries committed to promoting e-mobility 
within the framework of international cooperation [18]. 
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3.2.3 Infrastructure 

With EV development comes a "chicken and egg" problem. Charging stations will be installed if 
a critical mass of EV makes them profitable, but there will only have enough EVs if enough 
charging points are made available. The state must then intervene alongside motorway 
operators and energy utilities in sharing part of the financial risk associated with infrastructure 
roll-out. 

A set of regulatory measures is usually implemented for the deployment of charging 
infrastructure, including minimum requirements for EV charging stations development and 
plans for the roll-out of public charging points in cities and highways. In 2016, worldwide, the 
number of public charging access points increased at the same speed as the number of EVs on 
the roads due to public policies.  

An effort on the part of the public authorities is also necessary in terms of urban and system 
planning at the city level. More specifically, regulation is needed to facilitate the deployment of 
connection points suited to withstand the effects of peak load on the network in collective house 
areas and other relevant dense areas where multiple cars are expected to charge at the same 
time. Direct regulation, following European requirement to adapt the electricity supply to EV 
charging in newly built and renovated buildings, will shape future developments at the district 
level. Appropriate taxation with company-fleet charging is also considered an enabling nudge to 
accelerate the provision of charging points in the business world.  

Finally, interoperability has to be applied throughout the whole chain, from the EV to the 
electricity grid via the charging infrastructure, which requires collaboration and a suited 
institutional framework. In the E.U., The Smart Grid Interoperability Laboratory was launched 
by the Joint Research Centre (JRC) of the European Commission to test various interoperability 
solutions between the electric vehicles and the charging infrastructure and to promote the use 
of a common interoperability methodology. 

3.2.4 Economic incentives 

Economic incentives are direct support measures targeting the end-user and intended at 
bridging the cost gap between EVs and conventional vehicles in making EVs cheaper.  

The main direct support measures focus on subsidies, bonus/malus schemes, and scrapping 
premiums to stimulate EV purchase. Norway, China, and Germany offer subsidies for EV and 
hybrid cars purchase. In China, financial support is also proposed by some municipalities in 
addition to the national subsidy. In Germany, this measure was capped at the sale of 400,000 
vehicles until 2020 or Eur 600 million in grants and the funding burden shared equally between 
the government and the car manufacturers. A bonus/malus scheme for EV is a consumer-
focused mechanism where a financial premium or a penalty is associated with the purchase of 
a vehicle, based on its environmental impact, usually considered in CO2 emission/km. Such a 
mechanism was implemented in France and Sweden for EVs and PHVs.  

Modification to taxation is another means to improve the competitiveness of EV and green 
fuel cars in general and to support early adoption. Taxes on new vehicles should be adapted to 
better reflect the carbon footprint of the vehicles. Different levels of taxes can be implemented 
to further target the different types of users (private, public, companies, etc.). Norway and China 
introduced a double tax incentive where EV (including leasing) benefit from VAT exemption and 
where polluting car owners must pay an extra tax with the purchase of polluting vehicles. Vehicle 
tax in Germany was cut half for 10 years for low emission vehicles, including EVs, and further tax 
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reduction was granted for company cars. France introduced tax exemptions on electric and 
hydrogen cars together with a sectoral tax credit for low-emission company cars. 

Exemptions or reductions in the vehicle registration fee is also an effective incentive in countries 
where this fee is high compared to the purchase value of the vehicle and is used in China and 
Norway. The Danish vehicle registration tax exemption on BEVs, implemented in the early 2000s, 
has become a textbook case demonstrating the influence of registration tax exemption as it led 
to a real uptake in EV sales. Its withdrawal 5 years later led to a reversal of the cost 
competitiveness of several electric car models, leading to a significant drop in sales in 2016 (IEA, 
2018a) .  

In adjusting the level of fuel taxes, the action of public authorities is concentrated on the 
reduction of the total ownership cost of EVs. Ideally, this measure should reflect the externality 
cost from the different transport modes. This measure was implemented in Sweden who 
increased taxes on light-duty petrol and diesel vehicles and introduced a tax rebate for low-
emission cars.  

Other tax reforms are also tested that are compatible with specific tax schemes. In Germany for 
example where access to highways is toll-free but their maintenance paid by taxpayers, early EV 
adopters received first a road tax exemption for 10 years, then reduced to 5 years from 2021. 
Similar schemes could be used in countries using yearly car stickers to access public highways 
such as Switzerland or Slovenia. 

3.2.5 Policy measures 

Direct economic incentive measures are usually combined with indirect policy measures. 
Indirect policies further carry the momentum initiated by financial incentives and support EV 
usage on a daily basis. These measures range from economic nudges, such as free parking for 
green vehicles, free public charging or free tolls or tolls price reduction, to driving and 
registration advantages, such as allowing the use of bus and taxi lanes to avoid traffic jam or 
reduction of waiting time for the registration plate.  

In Norway and China, multiple ambitious public measures were implemented along with 
financial support schemes. Urban regulations grant EVs access to bus lanes (except during peak 
hours in China), free parking and charging (managed by the town halls in Norway), and exempt 
EV drivers from paying tolls. China also lifted ongoing plate registration restrictions for EVs in 7 
major urban centers. Free access to local parking and the use of bus lanes is also facilitated in 
Germany.  
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Table 1: Policy measures directed at the end-users in selected countries 

  Sweden China Norway Germany France 

Bans & targets X 
 

X 
 

X 
Public Procurement X 

   
X 

Economic incentive X X X X X 
Tax reduction/exemption on the vehicle 
purchase 

 
X X X X 

Tax on polluting vehicle purchase  X X   
Exemption car registration tax 

 
X X 

  

Tax rebate for low emission fuel X     
Highway tax exemption 

   
X 

 

Green/free parking spots for EV 
 

X X X 
 

Free public charging 
 

X X 
  

Free/reduced price for tolls 
 

X X 
  

Use of bus and taxi lanes 
 

X X X 
 

Reduction of waiting time /restrictions 
for car registration 

 X X   

3.2.6 Summary of good practices 

Ambitious and diverse measures are necessary to overcome the barriers to EV development and 
to bring the technology to maturity.  

While quantified goals for EV penetration are a positive element in EV development, they are 
not the main driver on their own. On the contrary, concrete financing plans and objectives for 
the deployment of infrastructure together with measures to stimulate purchase seem to 
constitute the main pillars of policy support. 

It is especially in the consumer segment that various public measures are deployed. Feedback 
show the combination of multiple instruments achieves good results. China and Norway, both 
world leaders in EV sales are good examples. Their EV policy is similar in several ways, especially, 
as they developed a policy strategy covering purchasing price reduction, tax adjustments, and 
policy measures. In addition to the direct financial impact of this policy, consumer surveys show 
that suited policy also influences the perception of buyers. Polls show that 64% of the 
Norwegians consider that EVs are more expensive than ICE cars, against 84% to 93% in the rest 
of Europe [19]. In contrast, the removal or reduction of subsidies too quickly before the cost use 
of electric cars is lower than that of thermal vehicles leads to a stop of sales growth. This 
phenomenon has by example was observed in Denmark. 

Finally, public policy can focus on supporting business opportunities for new sets of value coming 
with the new technology. In the case of EVs, this new value is embedded with the electric battery 
capable of providing flexibility services to the electricity sector. This point is further elaborated 
in parts 4 and 5 of this report. 
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3.3 The Danish policy framework 

The policy framework for the transformation of the Danish transport sector has undergone 
important developments over the past few years. It builds on two high-profile measures: the 
phase-out of petrol and diesel vehicle sale along with a set of incentives, and public funding for 
charging infrastructure. 

The Climate and Air Proposal “Together for a greener future” published in 2018, lays the 
groundwork for achieving the progressive transformation of transport. The proposal bans the 
sale of polluting cars in 2030 and announces several measures to accompany this phase-out 
(Table 2). 

 

Table 2: Danish policy package for EV 

Ban 
Phase-out of sales of new petrol and diesel cars in 2030, and of new 
plug-in hybrid cars in 2030 

Ban Petrol and diesel out of taxi operations by 2030. 

Ban 
End carbon emissions and air pollution from busses in Denmark’s cities 
by 2030 – starting with the first step in 2020, where new buses must be 
CO2-neutral. 

Technical standard For fast charging 
Economic incentive Higher scrapping premium for old diesel cars. 
Economic incentive Benefits for green taxis  

Taxation No registration tax in 2019 and 2020 on green cars priced below 
400,000 DKK. 

Taxation Lower taxation on green company cars 

Policy measure 
Extended power for municipalities to grant parking discounts for low-
emission cars. 

Policy measure Roll-out of parking spaces with charging stations for low-emission cars. 

Policy measure Denmark’s municipalities can grant low-emission cars permission to 
drive in bus lanes. 

Other transversal 
measure  

Implementation of a commission for the transition to green vehicles 

 

Given the lessons learnt from international experience, it seems that Denmark has acquired the 
necessary regulatory framework to shift to low emission vehicles and be on track with transport 
decarbonization. Within 10 years, Denmark intends to ban the sale of private vehicles that do 
not comply with environmental standards and to put CO2 emitting buses and taxis out of 
circulation. Similarly to Norway and China, Denmark has developed its own incentive package 
for the end-users based on purchase subsidy, tax adjustment, and policy measures for daily EV 
use.  

Supportive policies have also been implemented in a more decentralized way, outside of this 
framework. For example, the six largest cities in Denmark have passed an agreement with the 
Ministry of transport stating that a minimum of 75% of all newly-purchased municipal vehicles 
must be green.  
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Finally, a transversal measure relating this time to the legal framework for the implementation 
of European directives aims to establish a better connection between building renovation in 
order to make compulsory the upgrade of the electrical distribution network as well as 
construction plans for buildings to accommodate EV charging. 

On the other hand, special attention is paid to EV as evidenced by the deployment measures for 
charging stations. Measures supported by a 10-year financing plan developed in the Danish 
Climate Agreement. The Danish Climate Agreement signed in 2020 is the roadmap for a 
financial commitment from the Danish governments. It provides details on the allocated 
budgets and the different investment programs. The Green Transport Pool is intended to 
support investment in the development of charging infrastructure and in the green conversion 
of commercial transport and ferries. In 10 years the number of charging stations should be 
increased 10-fold, to reach 1 million EV in 2030 [20]. Or almost 30,000 connection points 
compared to current 2,900 stations [21]. The plan provides 320 Dk. in total, over the period 
2020-2030. During the first years of deployment, the charging stations should be distributed 
approximately at 1/3 on the motorway network, 1/3 outside the cities, and 1/3 in the cities. 
With the expected development of EVs, Denmark targets a 0.1 million avoided CO2 ton in 2025 
and 2030. 

Electricity grids must support the development of e-mobility. This obliges the regulator and the 
grid operators to facilitate the integration of EV charging infrastructure and managing the 
impacts of this demand on the electricity system. Furthermore, substantial expected economic 
gains in terms of lower operating costs on the networks and delayed grid investments can be 
achieved through EV flexibility.  

The specific technical flexibility potential of electric batteries in EVs and the market 
requirements to enabling them are scrutinized in the next chapters.  

4. Electricity market design 

This chapter presents the dynamics for EV charging business models in Denmark, based on 
current regulatory frameworks and market designs. Barriers are highlighted in the context of 
growing demand-side management to respond to VRE fluctuations and we draw up suggestions 
for adaptation, especially looking into local markets.  

 Historically, centralized power plants like hydropower plants or running on coal or gas were the 
main flexibility providers in the electricity sector. Consequently, the regulatory framework for 
flexibility and balancing was designed based on the technical features of these technologies. 
With more variable energies such as wind and solar in the system and the decommissioning of 
fossil fuel-based generation plants, diversification in flexibility sources becomes critical.  

Because of the electric battery that allows a bidirectional flow between the grid and the car, EV 
has the potential to play a key role in future flexibility provision. However, the current regulatory 
framework is not designed to optimally accommodate decentralized energy resources, including 
EV, flexibility. The International Energy Agency IEA 19 [10]- stresses that market designs should 
be adapted to fully exploit EV flexibility. In particular ancillary services are in the focus of EV 
participation to utilize the capability to respond very quickly to system imbalances. Future 
frameworks for flexibility should strive to support business models for decentralized resources, 
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in lifting up current regulatory, administrative, and contractual barriers to their participation in 
the market.  

4.1  Market places and rules for flexibility in Denmark 

EV owners have multiple opportunities to contribute to system balancing and to increase their 
revenue or lower their ownership costs. Indeed, several markets and products exist in 
Denmark, and in the Nordics, where flexibility services can be traded. The day-ahead and 
intraday market (Elspot and Elbas) operated by NordPool, and the regulating market for ancillary 
services for mFRR, aFRR, FCR, FCR-N, and FCR-D operated by the TSO. Figure 4presents the 
sequence of markets for electricity and describes their activation time.  

 

 
Figure 4: Electricity markets and services dependent on scheduling and delivery time before delivery  

 

The largest market for energy trade is the day-ahead market (Elspot) operated by Nord Pool. 
Participants can buy and sell energy for the following day hour-by-hour or in block time products 
[22], [23]. Clearing prices on the spot market are determined by the last power plant dispatched 
to balance the demand and therefore vary on an hourly basis. Accordingly, the price paid by a 
final user also varies during the day which should provide an incentive to consume when the 
electricity is the cheapest (during the night or when wind and solar production is abundant).  

The intraday market (Elbas) operates until one hour before gate closure. This market provides 
participants a place to buy and sell energy on a rolling horizon and adjust their scheduled bids 
[22]. In Denmark, both markets are operated by Nord Pool. The price formation is done by 
determining the equilibrium between demand and supply curve of the received bids.  
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After the gate closure, TSOs run the regulating or balancing market1 that corrects forecast 
errors occurring in real-time and maintains system frequency within a predefined stability range. 
A set of ancillary services are traded with balancing service providers (BSP), who are large 
flexible generators and consumers able to offer up and down regulating energy (tertiary reserve) 
or regulating capacity (secondary and primary reserve) within a specified response time. Actual 
production and consumption are measured in real-time and then compared to the previously 
submitted bids. Differences between the operation and the previously scheduled bids are 
yielding into balancing payments by the market actors [24].  

The tertiary reserve, also called manual Frequency Restoration Reserve (mFRR) [24]–[26], refers 
to the capacity put on hold by the BSP and capable to deliver a minimum of 5 MW in 15min, 
when called by the TSO to smoothen large imbalances.  

The primary and secondary reserves ensure system stabilization and recovery respectively. 
These services also involve restoring the frequency level but must be able to respond to 
imbalances in a very short time. Typically, BSPs of offering stabilization services such as 
Frequency Containment Reserve must be able to ramp up or down 0.15 MW of their output 
within 15 seconds to solve large disturbances such as power plant outages. This primary reserve 
service, mainly offered by hydroelectric dams, is automatically dispatched by the TSO.  

In Denmark, FCR varies according to where the imbalance on the system occurs and the size of 
the imbalance2. More precisely there are three types of FCR available on the territory. FCR (DK1) 
and FCR-N (DK2), balance minor imbalances continuously, whereas FCR-D (DK1) solves larger 
disturbances from power plant outages [27], [28]. 

The secondary reserve or Frequency Restoration Reserve (aFRR), then takes over and ensures 
the restoration of frequency level between 30 seconds after a situation of contingency occurs 
and has to ramp up to the full capacity of at least 1 MW within up to 15 min in DK1 and 5 min in 
DK2. Secondary reserves also make it possible to cope with minor fluctuations in production 
or consumption which occur in real-time. This is particularly the case for the imbalances 
resulting from production drops caused by clouds over solar PV, from gusts of wind suddenly 
increasing the production of wind turbines or from sudden charging from EV. Therefore, EVs 
have the technical potential to participate by offering aFRR, which was however not presently 
tested [29]. 

4.2 Barriers to the optimal utilization of decentralized flexibility at the transmission 
level 

The services traded on the day-ahead, intraday, and regulating markets obey specific market 
rules that shape their design, which can therefore limit participation to some market players. 
Limiting rules cover gate-closure time, the temporal granularity of products, minimum bid size -
whether aggregation is allowed or not-, the type of bid, and the direction of the bid.  

                                                                                                                                                                                   

1 Both the regulating and balancing market are usually mentioned interchangeably. 
2 Due to its location between Denmark participates to two different regulating markets, using different 
activation rules. DK1 zone (Western Denmark) is connected through AC-Transmission lines to Germany 
and has harmonized rules with the central European transmission system. DK2 zone (Eastern Denmark) 
has an AC interconnection to Sweden and the rules are adjusted to the Nordic market. 
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Even though listed sometimes as existing market barriers, market operators such as Energinet 
work continuously on adapting the framework, which is highlighted in section 4.2.7. Mentioning 
market barriers in this section serves the purpose of identifying framework characteristics, 
which shall lead to better design of local markets. The characteristics of these rules associated 
with each market product are described below and their impact on EV business cases 
summarised in Table 3. 

Table 3. Summary of relevant regulations in eastern (DK2) and western Denmark (DK1) for the participation of EV 
in electricity markets 

 

4.2.1 Gate closure 

The gate-closure time is the deadline to submit bids to the relevant market before the actual 
operation. 

In the day-ahead market, the bids are handed in at 12:00, which can be adjusted until 1 hour 
before the operation in the intraday market. Although this set-up efficiently facilitated short-
term dispatch and long-term signals for investment in the pre-transition energy mix, it is now 
challenging the market integration of variating energy sources and hampers the flexible 
participation of EV to the market. 

Difficulties in forecasting 24h ahead with a high degree of confidence the energy production 
from wind and solar induce increasing forecasting errors along with the growing participation of 
VREs [30], [31]. Thus, adjusting the gate-closure time closer to real-time operation leads to 
better market functionality and fewer errors. Also assuming that the period to be bid for stays 
as it is with 24 hours, a gate closure closer to real-time yields into better prediction because the 
look-ahead time reduces [30].  

Adjusted gate closure closer to delivery time would also directly benefits EV integration as it 
would directly reduce the uncertainty related to the battery state of charge after arrival, usually 
in the afternoon hours. Submitting offers 24h in advance does certainly imply a bet on the 
expected travels an EV will do during the coming day until it returns in the evening. The shorter 
the deadline for bid submission, the more accurate EV can participate in electricity markets.  
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While the day-ahead market in the Nordics is the market with the highest volume of traded 
electricity, the intraday market Elbas only plays a negligible role as it provides a platform for 
bilateral trading up to one hour prior delivery, utilizing available residual transmission capacities 
between regions. Consequently only lower single-digit percentages of the yearly market volume 
are traded in the intraday market in the Nordics and the focus of the analysis lays more on the 
respective regulating markets operated by TSOs [32].  

Given its close-to-real-time nature, the regulating market is a suitable place for EV to provide 
flexibility services that have attracted the interest of aggregators [33]. Primary and secondary 
reserves, tendered by the TSOs, especially present a suited marketplace for EV flexibility given 
its fast response capabilities. However, the gate-closure rule associated with them is dependent 
on the region and the service, which gives an uncertain bidding horizon for aFRR and FCR looking 
forward to the future, in particular with constantly moving EV. Primary reserves in eastern 
Denmark are divided into two tenders and are scheduled by Energinet two days and one day 
before the operation. In addition, primary reserves, in general, are less accessible for fleets of 
EV due to the early gate-closure. Secondary reserves are tendered the month before the 
operation.  

Penalties for not serving are ranging between monetary fees up to market exclusion, dependent 
on how severe for the system was the default of procurement [34]. Allowing for submission of 
bids closer to real-time would therefore allow for higher accuracy of forecasts and consequently 
lead to more flexibilities offered by EV.  

4.2.2 Temporal granularity of the balancing product 

The temporal granularity refers to the length of the service provision. Given that the availability 
of electric batteries is strongly affected by the main use of EV (transport), studies have shown 
that plug-in periods can be predicted in 5-minute intervals with an accuracy of 99% [35]. Short 
temporal granularity in the bidding (a few minutes to 15min), can therefore have a significant 
impact on EV participation strategy. 

However, most energy and balancing products in the sequence of markets are traded 
individually for one hour (day-ahead, intraday, mFRR, FCR), four-hour blocks (FCR in DK1), or use 
weekly to monthly commitments (aFRR). When EV departures are with a probability of 99%, 
after e.g. 06:55 in the morning, the current framework would possibly result in blocking the full 
hour between 06:00 and 07:00 for flexibility services. With shorter bidding periods, EV could 
offer their services e.g. until 06:45. 

Increasing the time granularity of the balancing products would improve forecasting and 
therefore the participation of EV and other distributed demand response technologies, and 
would directly support VRE integration. Electricity markets in central Europe such as Germany 
and France reduced the time frame of their balancing products to 15 minutes blocks. Also 
California transitions towards quarterly time steps to better accommodate solar fluctuation [36].  

Additionally, day-ahead, intraday, and mFRR schedules are hourly averages, whereas 
imbalances are settled in the balancing market in quarter-hourly averages. As a consequence, 
the average in the respective quarters may not match the hourly average and subsequently 
result in balancing payments even though the hourly average matches [37]. 

measuring the balance and imbalances impose that a suited metering and communication 
infrastructure are in place to provide the required accuracy [38]. Metering and communication 
with the so-called SCADA systems are in most cases only feasible for larger producers and 
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consumers of +10 MW. Real-time metering is for small scale distributed resources costly to 
implement and may not be necessary [38], [39]. 

4.2.3 Minimum bid requirement 

The minimum bid size establishes the minimum quantity of energy or capacity that can be 
contracted and offered on the different markets. Current bidding sizes are however unadapted 
to the participation of small energy units such as electric batteries. Moreover, the penalty 
mechanism associated with the non-delivery of the scheduled bid further hamper EV 
participation in the balancing market.  

Similarly to time granularity, the requirements for bid size vary across markets. Elspot and Elbas 
have a minimum bid size of 0.1 MW and the ancillary services traded on the balancing market 
must comply with a minimum bid size of 0.3 MW to 5 MW. These bid sizes automatically 
exclude most distributed energy resources like EV from direct participation and oblige them to 
rely on aggregators. Since unit sizes are small and the driving pattern of vehicles is stochastic by 
nature, fleet aggregators have to acquire the control of a substantial amount of units to comply 
with current bidding rules [34]. Current market conditions, therefore, result in marginal revenue 
potential for EV which severely undermines their participation [33]. Allowing for smaller 
minimum bids would support more participation from EV and increase the liquidity and diversity 
of offers in the electricity market [40].  

In addition, penalties further limit the profitability of EV to provide flexibility. Penalties apply 
when a bidder does not deliver partially or fully the quantity of energy or capacity adjustment 
at the time of delivery. The magnitude of the penalty varies between a proportional reduction 
in payments to the aggregator up to quarantining and market exclusion [38]. Uncertainty exists 
on the magnitude of the penalties dependent on different cases of non-delivery [41]. On the one 
hand, the penalty serves as a monetary incentive for market participants to deliver their 
promised bids. On the other hand, a too large penalty cost for non-delivery imposes a strong 
barrier for small actors to participate. The limitation of EV profitability is because an aggregator 
has to aggregate a sufficient number of EVs to create enough certainty regarding the aggregated 
delivery of their scheduled service at all times.  

The following illustrative example clarifies this dynamics. An aggregator is scheduled to offer 0.3 
MW of primary reserves for one day. The aggregated fleet are 30 EVs with 10 kW charger each. 
If a vehicle leaves, the aggregator cannot deliver the scheduled response. When no penalty 
exists, the aggregator takes the risk and does not bother with earning less. If a penalty for non-
delivery is applied, the aggregator will try to make sure to always have enough EV aggregated 
and available to serve the scheduled service. When the penalty is extremely large or market 
exclusion is an immediate threat, the aggregator will aggregate instead of the 30 EV maybe 60 
EV to be sure to have enough EV available. However, if e.g. 95% of the time only 30 EVs are used, 
the remaining 30 EVs are not used to provide flexibility to the system 95% of the time. This 
reduces, on the one hand, overall profits for the aggregator, those profits have to then be 
divided on more vehicles and the energy system cannot profit entirely from the available 
flexibility sources. 

Adapting the non-delivery penalty to the bid sizes with less business threatening consequences, 
such as market exclusion, will contribute to alleviating the risk for EV owners to provide flexibility 
services [40].  
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4.2.4 Administrative complexity and transaction cost 

Regardless of their size, bottlenecks in the aggregation of distributed bids may arise from lack 
of clarity regarding contract-making with the aggregator, especially due to undefined pre-
conditions and complexity of the portfolio [34].  

In the current framework, approving units imposes a high pre-qualification cost [34], although 
Energinet works on a facilitating process for EV charging to allow for new aggregation schemes 
[42]. Small aggregators that do not meet minimum bid size requirement in their flexibility 
portfolio can unite with other BRPs to reach the minimum threshold. In this set-up, the BRP 
takes the financial liability for the market participation, resulting in larger expenditures and 
reduced [29].  

The strict division of units depending on their service provision, such as only 
production/consumption units for up/down regulation in FCR and aFRR [27], leads to larger 
complexity in the aggregation of flexibility sources depending on their technical characteristics. 
EV availability and their state-of-charge decide on their active participation and a strict division 
is subsequently not troublesome.  

4.2.5 Trade type: Energy and capacity, symmetrical and asymmetrical bids 

Asymmetric flexibility products allow flexibility units, such as electric batteries for different (or 
asymmetric) levels of energy fed into the grid and withdrawn from the grid when providing 
flexibility service. On the contrary, symmetric products entail the service provider to always 
procure the same level of energy in and out. Given the technical charge and discharge features 
of electric batteries, symmetric products would incur more losses. Therefore, markets where 
only asymmetrical bids are allowed, are better suited to EV participation. 

The energy trade type and its direction, in technical terms: capacity or energy-based 
selling/buying has a further impact on trading strategies and the profitability of utilizing 
flexibility sources. While trading energy quantities in Elspot, Elbas, and mFRR is considered 
simple given that it consists of buying or selling energy freely, the provision of secondary and 
primary services is more complex.  

EV, like any other flexible technology such as heat pumps, can provide load shifting capability. 
This capability allows for up to several hours of capacity service provision without affecting the 
user’s experience. However, batteries in EV can only offer exhaustible services (since the 
capacity is limited), meaning that the battery will discharge over time due to inefficiencies since 
they are not producing energy. However, batteries may reach their lower energy minimum and 
have to stop providing their flexibility [34].  

In addition, EVs have the capability to also send electricity to the grid. This bidirectional flow 
allows the development of vehicle-to-grid services, but it also increases energy losses. Through 
frequency biases in long service duration and by losses due to charging and discharging 
inefficiencies, the batteries lose energy over time. Dependent on the length of the service period 
or the original starting point in terms of state-of-charge, they may reach their lower energy 
minimum and have to stop providing their flexibility [34].  

Asymmetrical products, where it is free to e.g. only offer up or down regulation, are 
subsequently less challenging to schedule and offer in the market. Since bid size and direction 
can be adjusted according to the expected energy, it can be accounted for inefficiencies in the 
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charging process by scheduling more energy intake into the battery to prolong the overall 
service duration [29].  

Symmetrical bidding such as for FCR-N in DK2, is contrarily more challenging to implement and 
results in less flexibility offered by EVs over long time periods due to incurred charging losses. 
On top of that, the long duration of such services increases the need to adjust for lost energy or 
a too large state-of-charge to return to the preferred point of operation and leads to a rebound 
effect [34], [43].  

In hours of low frequency, indicating a shortage in energy provision, EV providing FCR inject 
energy to the grid until the service duration is over. After this period, the state-of-charge is likely 
lower than the preferred energy level. Consequently, the aggregator would automatically 
choose to charge in order to maintain suitable energy content for the EV but at the same time 
increasing demand again.  

Selling the energy in one period leads to increased demand in the following ones, which can be 
a harmful rebound effect for the grid [34]. It is subsequently important to allow for product 
diversification to minimize this effect. 

4.2.6 Additional barriers: electricity grid and tariffs, market harmonization and 
inertia 

Additional barriers for EV participation to the markets are considered in a broader context. 
Especially, the payment of grid tariffs on top of the electricity price further limits the profitability 
of flexible charging from EV owners.  

To be profitable with trading energy using batteries, the selling price has to overcome the losses 
from charging and discharging inefficiencies. When assuming a loss of 20%, the selling price has 
to be at least 120% of the purchase price. When electricity prices are low, then 20% more are in 
absolute terms easy to bridge. This would be for example the case with a purchasing price of 
100 (DKK/kWh), where it is profitable to sell for 120 (DKK/kWh). While with prices of e.g. 200 
(DKK/kWh), the difference to be bridged is already 40 (DKK/kWh). Larger price volatility is 
therefore needed. With the addition of taxes and tariffs to the market price, the price difference 
to bridge increases substantially, which disincentives flexibility provision. Moreover, the current 
tax and tariff schemes in Denmark – and in most countries – are designed in such a way that 
both tariff and tax are paid twice. Consequently, offering ancillary services with EV is often not 
feasible to begin with due to this additional cost [29], [34], [44].  

Besides, international frameworks for trading ancillary services are not harmonized. Large 
differences are still noticeable between western and eastern Denmark despite the efforts of 
adaptation from the TSO [29], [45] (also see part 4.2.7). An intensified harmonization process 
can lead to improved business cases in the face of lagging EV adoption rates across boundaries.  

A third implicit barrier comes from the absence of remuneration for inertia services provided 
by flexible technologies such as EV. Large scale flexible power plants such as gas turbines 
continue to provide inertia when the rotor continues spinning. Supplying inertia is important to 
counter a very sudden increase in consumption, usually in the range of milliseconds to seconds. 
With the reduction of large scale generation power plants, system inertia decreases. Electric 
batteries can technically mimic this inertia of rotating machines, but no remuneration scheme 
is provided. Fair remuneration of this system service would contribute to enhancing the 
profitability of EV flexibility while supporting system stability [34], [46]. 
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4.2.7 Current efforts taken by Energinet 

Market Model 2.0 

The Danish TSO Energinet has initiated a series of actions to adjust the regulatory framework for 
balancing services. In his report “Market Models 2.0”, the TSO formulated 24 activities, which 
cover extensive parts of the barriers identified in this chapter [47]. Energinet recommends in 
particular to move trading closer to the hour of operation. Also the adaption of the ancillary 
service requirements to ensure characteristics, which are suited for aggregated flexibility 
sources, is a formulated target. Furthermore, Energinet wants to revise the admission process 
for aggregated units to lower the admission cost. Energinet is prepared and positions itself to 
implement changes. The final decision is now in the hands of the competent authorities who 
have the capacity to enact the recommendations 

4.3  Summary of regulatory barriers at the transmission level 

Based on the barriers and challenges summarized in section 4.2 the following instruments are 
suggested to improve the participation of EV and flexible technologies in Denmark. Table 4 
summarizes therefore the previously mentioned barriers with recommendations, which should 
also be taken into account when creating new local markets. Of highest importance to change 
are in particular the design of taxes and grid tariffs, as well as suitable updates for the minimum 
bid requirements and reduction of technical requirements. 

 

Table 4. Summary of market barriers for flexibility and recommendation on the transmission level. 
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5. Grid services in local markets and markets interplay 

Distribution System Operators (DSOs) have the obligation to connect and supply energy to the 
end-users. On the contrary of TSOs who actively adjust balancing, DSOs are mainly passive in 
their operation. An important consequence of this mandate is those distribution systems are 
historically oversized [48].  

EV development, however, entails new stresses for distribution grids. Especially, the charging 
of electric batteries will result in increasing demand in average volume and peak effect and 
pose major challenges to ensure continuing power quality (voltage stability) and security of 
supply. Under these conditions, a passive operation of distribution networks would mean 
continuous reinforcement of the lines and transformers to accommodate the new load, which 
would result in high system cost and increased electricity bills.  

With the development of smart grids, DSOs acquire the technical means to actively operate their 
network. However, markets and trading agreements are still missing to fully exploit the flexibility 
services that the battery could offer to the network. 

In what follows the report summarizes the technical details of voltage stability and congestion 
effects on low voltage networks and identifies the flexibility service products that could be 
served by EVs. 

5.1 Voltage stability in distribution systems  

 

Power quality on low voltage grids: reasoning for voltage stability services on distribution 
systems. 

Electrical devices in households are designed for a defined power quality range. The power 
quality defines an adequate level of current and voltage. In a very simplified way, the current in 
[1 Ampere = 1 Coulomb/ 1 second] stands for the number of electrons (1 Coulomb = approx 6.2 
Trillion electrons) passing per second. The voltage represents the energy per passing electrons 
[1 Volt = 1 Joule/ 1 Coulomb]. Together, they can calculate the amount of power [1 Watt = 1 Volt 
* 1 Ampere] flowing to drive electrical devices like lamps, stoves, and TVs in households. These 
electrical components are designed to use a certain amount of power. When an electric kettle 
is operating, it consumes around 2.4 kW and its components are suitable for a voltage of around 
230 Volt. Consequently, the current has to be around 10.4 A. Electrical components like cables 
and fuses are designed to have security factors. Thus they can resist slightly more current 
without failing. If the voltage drops however too much, the demanded power of 2.4 kW is 
maintained by increasing the current. The increasing current reduces the lifetime of electrical 
components.  

 
Figure 5 visualizes the schematic of the voltage level from a transformer station along a 
distribution line with households connected to it. The voltage level linearly decreases over the 
distance and stays within a range with an upper and lower limit. When households are 
consuming electricity, they usually do it with a constant impact on the voltage level, which 
subsequently causes a drop. Household 2 in the illustration is assumed to charge passively its 
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EV. In doing so, the household drastically reduces the voltage level which results in voltage level 
violation for households connected further away. EV can support voltage level by using power 
electronics and converters to serve reactive power, or also by delaying previously scheduled 
charging processes. Household 3, who is assumed to serve reactive power, raises the voltage 
level again and prevents a violation. Without reactive power provision or alternatively a delay 
in charging from household 3, the DSO would have been forced to deploy additional stationary 
voltage-supporting equipment. This puts inevitably a cost into the system, eventually reflected 
in the electricity bills paid by consumers.  

 
Figure 5: Schematic example of reactive power provision to support voltage levels in distribution lines. EV’s can 
provide reactive power to the AC-line to push the voltage level up to avoid installing an additional transformer in 
this place. 

 

In distribution systems, the voltage stability is mostly preserved by transformers. Components 
drawing power of the lines are mostly reducing the voltage. The more households consuming 
energy on the same line, the more the voltage drops happen along the line. However, if the 
current is too large, too many electrons have to squeeze through a thin line, which subsequently 
heats up and melts the line due to its inner resistance. This event yields into the aging of 
components or results in their entire destruction. This aging effect also has negative effects on 
household electronics such as TVs, computers, or kettles. Thus, it is essential to keep the voltage 
level constant in the distribution system. 

The installed infrastructure is mostly sized to provide the power quality according to historical 
consumption, but with the new demand-driven by EV, serious voltage drops are expected over 
the line length that may violate power quality in the locations where the network is undersized. 
In turn, voltage control on the distribution line will enable more EVs to connect. The study from 
[49] demonstrated exemplary that without reactive power control, the integration of 100 EVs 
extensively violated voltage levels, whereas the with reactive control 130-150 EV could be safely 
integrated into the system.  

Voltage drops in an AC grid can be compensated by reactive power, either pushed by adjusting 
the load and/or passively, using reactive equipment. EVs are already in many instances able to 
provide reactive power both in dynamically adjusting their charge and in passively using their 
power electronics without harming the battery [50], [51]. Hence, using the capability of EV to 
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actively and passively contributing to power quality, provides services to the DSOs and 
potentially delays or avoid costly capacity investments in cables and transformers. On the other 
hand, this service provision from the car owner should result in fair financial retribution, either 
in the form of additional revenue or lower electricity bill.  

Furthermore, the active participation by EV offering voltage control and load shifting, the DSO 
almost halves the amount of overloading instances of cables per year compared to a passive 
case. Consequently, the new grid operation scheme effectively reduces and avoids new 
infrastructure investments in cables and transformers. The savings are thus converted into 
profits for EV users, which are only paid out in hours with special needs.  

Another argument for voltage stability is that it increases the overall system efficiency in 
reducing the level of system losses that must be otherwise compensated with an extra 
production from the generators [51].  

5.2 Congestion management in distribution systems 

The risk of congestion linked to peak effects from EV charging is the other major issue for DSOs 
in terms of grid operation and cost. Figure 6 shows possible overloads along a local distribution 
line. PV production in households 1 and 3 causes congestion and eventually the violation of grid 
constraints. Household 2 has the opportunity to flexibly charge an EV and thus reduces the 
power on the line.  

 
Figure 6: Schematic example of load issues from local production and possible smart charging of electric vehicles 
based on grid signals. 

Similarly to the previous example, EV owners have the opportunity to adjust their charging in 
time to support the grid, either in delaying the time of charge in case of congestion or in starting 
charging in case of large available energy, for example when local solar panels are producing. 
This load adaptability at the local level is especially well-suited in local energy communities with 
multiple prosumers.  
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Such flexibility of charge is however only possible if the battery receives appropriate signals from 
the grid. A coherent tariff design reflecting the need for energy uptake and indicating congestion 
at the local level would support the scheduling of charging and improve system efficiency. It 
would support the use of local energy production (avoid curtailment), maintain grid stability, 
and limit costly capacity investment. 

Past studies looking at congestion management in Denmark estimated that Danish EV owners 
could achieve an additional average revenue (or bill saving) of 120 to 380 DKK in charging their 
cars flexibly [52]. This assessment disregarded the gains from the provision of voltage stability 
services to the grid. 

5.3 Interaction between existing and emerging markets: TSO – DSO cooperation 

With the integration of distributed resources, the coordination between TSO and DSO needs to 
be strengthened and clearly defined, especially when it comes to the interplay between the 
provision of flexibility at the balancing market and the effects of this flexibility on the physical 
local grid.  

EVs can be scheduled to serve multiple balancing services at the TSO level. However, the 
provision of such services by a critical mass of aggregated vehicles at a certain point in the 
network can potentially put at risk the distribution grid security. This results in overlapping 
responsibilities from TSOs and DSOs that have to be taken into account in the future. A DSO may 
run into a situation of overloads or a rapid voltage drop in its grid, which requires local actions 
to limit consumption or production. Those actions could however limit service provision such as 
frequency control which are offered as a system-wide service by the TSO. It is therefore 
important to prioritize system or local stability in a fixed framework. Similarly, active congestion 
management at the distribution level can support congestion management at the transmission 
grid level, provided that adequate communication protocols are in place between the two 
system operators [53].  

Coordination efforts can finally also be undertaken in terms of voltage support by setting the 
transformer operation point adequately or by supporting voltage level through active and 
reactive power control of flexibility sources such as EV. While active market participation of 
distributed resources on national and international markets could overload the IT infrastructure 
of the respective operator, the DSO or local market can act as an intermediary.  

5.4 Summary table of barriers to local markets  

Table 5 summarizes current and potential barriers for local markets and complete the list of 
barriers summarized in 4.3. 

More dynamic signals reflecting grid congestions should be implemented along with the 
expansion of new electricity uses and flexibility potentials. A cost-reflective grid tariff design that 
sends information when congestions occur, would incentivize grid friendly behavior and drive 
more efficient investments choices from DSOs and emerging market actors such as prosumers 
and flexibility providers such as EV owners.  

Recent debates also revolve around how to introduce a more active management of distribution 
systems. The EU framework brought by the Winter Package asks the DSOs to investigate how to 
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redesign their future role in the context of development of decentralised energy and flexibility 
resources [54]. Along with this, the development of local markets would provide a platform to 
exchange new products and provide grid services. Possible services will mainly focus on the 
physical properties of the system, which contain congestion and load management of lines as 
well as power quality services like reactive power control and voltage stability [34], [35], [49].  

Local markets have to be aligned to the existing energy and balancing markets to maintain a 
harmonized energy system and requires that a consistent framework be developed [48]. 
Communication pipelines and responsibilities are to be rethought and aligned. Constraints on 
local distribution systems should shine through to the higher level of markets. Current barriers 
in the regulatory framework can further be solved by tackling restrictions on the local level.  

Table 5 Summary of potential barriers and recommendations on local markets and TSO-DSO interface  

  

6. State of play in Danish framework conditions for EV 
development: Bottlenecks and the way forward 

Despite Denmark's relative delay compared to neighboring countries with the implementation 
of supporting policy tools for EV development, it appears that the authorities have now taken 
adequate steps to actively accelerate this process. If we consider the good practices carried out 
in countries considered to be pioneers in terms of VE, the legislative tool and the framework 
conditions package defined in the Climate and Air Proposal and in the Danish Climate Agreement 
include all the elements for stable and long-lasting development.  

Clearly defined targets intended at lowering the number of polluting cars in circulation, a 
dedicated public budget for charging station deployment, and diverse incentive measures are 
the three strategic pillars that support Danish EV sector. Over the longer term however, the 
question will arise of how to make these policy measure evolve. Especially, the amount of 
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financial support will have to inversely follow EV market growth, which supposes to calibrate 
the measures as well as possible to send adapted signals to the market players and to limit the 
financial burden for society. 

While the deployment of EV is largely dependent on policy measures in the early years of market 
development, the regulatory framework for th optimal integration of EVs to the electricity 
system requires improvements. In particular, these improvements must consider the dual 
dynamic of new revenue-making for EV owners, and new system services provided throughout 
the electricity chain to serve security of supply and limit network cost. In this way, the new 
revenues associated with the flexible use of the battery can be combined with the policies for 
the development of low carbon vehicles in providing an additional incentive for EV purchase. 

Such a revolution involves rethinking the articulation between cars and their energy supply. The 
overall electricity chain, production, transport, and distribution, must actively integrate electric 
vehicles. The batteries will no longer be a simple tank for energy, they will provide various 
services to utilities both at the high and low voltage level, for example in adapting their charging 
power, in participating to frequency adjustment, or in providing on-site energy or feeding-in into 
the network during congested periods. 

Because the market design was historically developed to accommodate dispatchable plants 
flexibility, multiple adaptation should take place at the wholesale and balancing markets to 
create room to integrate and fully reap the benefitsof EV battery flexibility: 

 Reduction of minimum bid requirement for ancillary services 
 Relax pre-qualification requirements and technical requirements on measurement 

devices 
 Reduction of service duration  
 Adjustment of non-delivery penalty  
 Move gate-closure closer to operation hour 
 Intensify market framework harmonization in Europe 

Distribution system operators’ activity could also be severely hampered by uncoordinated EV 
charging. As the role of DSOs in the supply of electricity has historically be passive, the 
emergence of local markets for grid services would facilitate the daily operation of distrbutors 
and in sending appropriate signals to participants refelecting grid constraints and needs. In this 
report we stress that such services should in priority address congestion and voltage control 
issues, which require that policy action supports the following elements:  

 Re-design of electricity grid tariffs to better reflect bottlenecks on the network and 
create value for local flexibility (both for electricity withdrawal, feed-in and voltage 
level) 

 Intensify development of local markets 
 Consider small bid sizes and small/no aggregation requirements  

Because the better inclusion of EV-based flexibility service at the market level entails concrete 
movements of physical electricity flows, coordination between transmission and distribution SO 
will gain in importance with the progressive increase in participation of decentralised energy 
resources to the market. To avoid two markets, which would work in opposing directions, a 
harmonization process with well-defined interfaces at the transformers seem unavoidable. In 
the implementation of such interfaces, coordination between SO should especially strive to: 

 Establish priorities between services of different markets 
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 Establish communication pipelines and exploit strategic potentials of local markets on 
TSO level 
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