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The transition of the transport sector away from fossil fuels is a main concern in Smart Energy. However, 
there has been little research in this area in all the areas analysed, especially in terms of electricity to fuel 
which is expected to provide much of the transport fuel in the future, in the form of electrofuels.  

There have been numerous feasibility studies carried out in Smart Energy. However, there has been negligible 
research into non-technical research projects that focus on ownership structures for non-traditional actors 
such as municipalities or communities. In addition, there has been limited research on how institutions and 
organisations will be involved in Smart Energy, for example municipalities and traditional energy companies. 

Part A: Review of Smart Energy Projects 
Denmark 
The analysis in Part A for Denmark has been based on 225 Danish Smart Energy projects covering the 
electricity, thermal and gas sectors. The main conclusions from this analysis are as follows. 

Overall in the last 10 years, the amount granted for funding in the Smart Energy area has increased 
significantly from negligible levels in 2005 to a cumulative total of 1,464 MDKK in 2015. In the last 10 years, 
the majority of projects in Smart Energy are research projects; however, in the last few years, the number of 
research projects has decreased and more research and development and demonstration projects have been 
funded. In fact, although there have been more research projects, the largest cumulative amount of funding 
has gone to research and development projects. This funding has increased significantly since 2011. And 
during this period, the research projects have remained at the same level of funding each year.  

Most funding for the projects comes from the Innovation Fund Denmark and the ForskEL and EUDP 
programmes. Although the Innovation Fund Denmark grants the most money, the largest number of funded 
projects is from ForskEL and EUDP. 

In the last three years, the number of projects that focus on a single sector has decreased and the number 
of cross-cutting projects with two or more sectors has increased (see Figure 2), and most multi-sector 
projects focus on two sectors.  

  
Figure 2: Distribution of granted budget, in MDKK, per year and per project type, i.e. single-sector projects and multi-sector projects. 
The total number of projects per year is also shown (2015 is not yet complete)  

0

50

100

150

200

250

300

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

G
ra

nt
ed

 b
ud

ge
t (

M
DK

K)

Projects' Start Year

Single-sector projects Multi-sector projects Total projects









A REVIEW OF SMART ENERGY PROJECTS & SMART ENERGY STATE-OF-THE-ART 

Page 16 of 146 
  

Part B: Smart Energy State-of-the-Art summary 
In Part B the Smart Energy state-of-the-art research is described using knowledge from numerous experts in 
the field. Accordingly, the current research gaps are presented.  

The state-of-the-art definition of Smart Energy is described as being - an energy system that enables cost-
effective large-scale integration of fluctuating renewable energy (such as wind, solar, wave power and low 
value heat sources). It enables the energy system to achieve 100% renewable energy with low biomass 
demand and CO2 emissions. It has a number of appropriate infrastructures for the different sectors of the 
energy system, which are smart electricity grids, smart thermal grids (district heating and cooling), smart gas 
grids and other fuel infrastructures. Through deep integration of these sectors, the system utilises new 
sources of flexibility such as solid, gaseous, and liquid fuel storage, thermal storage and heat pumps and 
battery electric vehicles. 

A summary of the state-of-the-art research of the three main technical sectors in Smart Energy is presented 
below, as well as the gaps. The summary also presents the state-of-the-art of these sectors cross-cutting each 
other and the non-technical aspects of Smart Energy.  

Electricity sector 
In the electricity sector recent advances have considerably contributed to the reliability, and integration of 
intermittent energy from renewables. Modern distribution systems have been equipped with more and more 
power electronics interfaced dispersal generations, which makes the distribution systems more controllable. 
Other intelligent devices like smart transformers, energy storage systems, smart loads, etc. have also been 
applied to improve the overall efficiency of energy distribution.  

In response to the system challenge of balancing demand and supply in an electricity grid increasingly based 
on intermittent renewable energy sources, a great number of projects have tested solutions for Demand Side 
Management in households. A specific challenge with involving households in the Smart Energy system is 
that they represent a large and diverse group of customers with low individual energy consumption. This 
makes it difficult to develop economically feasible schemes and services targeted households. 

Electricity storage solutions based on synergies between the electricity, gas and thermal sector are being 
researched. Denmark is developing energy storage at the system level to increase the grid flexibility. The 
Power-to-gas (P2G) technology represents a megawatt-level energy storage solution to the problem of 
surplus energy from the renewables. Lithium batteries are also being researched as a large scale energy 
storage solution. 

Despite these advances further research and development is needed in integrating the electricity sector with 
other sectors like thermal and gas since more possibilities are available than simply focusing on the electricity 
sector in isolation.  

Further research is required focusing on: temporal and spatial correlation of renewable power generation; 
network congestions and energy curtailment in connection to the thermal and gas sectors; thousands of 
miles of energy transmission to the load centres which have huge network investments and large losses; and 
considerable mismatch between the offline simulation and the real time patterns from inaccurate predictions 







A REVIEW OF SMART ENERGY PROJECTS & SMART ENERGY STATE-OF-THE-ART 

Page 19 of 146 
  

between the various sectors of the energy system.  

Research on the integration of different energy sectors is vital and needs to develop in the next few years. 
The concepts developed so far do show this tendency but there is no large extent of literature that explores 
the interactions between different grids especially when the Power-to-Gas or Power-to-Liquid technologies 
are deployed.  

In recent years some research has been done in this area. It has been shown that feasible storage and 
management of intermittent resources depend on sector integration and synergies among all parts of the 
energy and transport system. Smart Energy assessments have been carried out in Denmark to show how the 
entire energy system can use large-scale renewable energy and shift to 100% renewable energy systems. 

Systematic methodology has been developed and applied to take into account the ability to handle key 
societal challenges and to thoroughly understand how the gaps in the current research trajectory can be 
eliminated. Coherent integrated scenarios have been done looking forward to 100% renewable energy in 
2050 using integrated hourly energy system analyses. 

In future research there needs to be a combined knowledge relating to the integration of renewable energy 
in the various sectors of the energy system, to minimise overall costs and fuel consumption (fossil or 
bioenergy). There is a lack of knowledge on (1) what does current research tell us about the integration of 
renewable energy by combining the different sectors and (2) what does the actual design of such a Smart 
Energy System look like? 

A crucial element in Smart Energy is to show through coherent technical analyses how renewable energy can 
be implemented, and what effects renewable energy have on other parts of the energy system. Only four 
tools (EnergyPLAN, Mesap PlaNet, H2RES, and SimREN) have assessed 100% renewable energy systems using 
time steps of 1 hour or less. If the objective is to optimize the system to accommodate fluctuations of 
renewable energy the tool using 1-hour time steps are more beneficial than the other tools. Further 
development of these tools needs to be undertaken in order to make more accurate assessments, 
recommendations and developments in the transition to the Smart Energy system. 

Research on the integration of the transport sector and other energy sectors is an urgent task. It enables 
utilising more intermittent renewable energy in both the transport and the electricity and heating sectors. It 
also enables a more efficient utilisation of the biomass resources without putting strain on the biomass 
resource. As mentioned above, a promising example of integrating the electricity, gas and transport sectors 
is through the Power-to-liquid concept. By converting electricity via electrolysis to hydrogen, then using the 
hydrogen either for boosting gasified biomass in the hydrogenation process or merged with CO2 emissions, 
electrofuels can be produced. Previous research has shown that electrofuels are an important part of the 
future energy systems and that they can be used in the transport sector due to the bioenergy resource 
limitation. Electrofuels could provide a substantial amount of fuel for heavy transport. At present there are 
only two plants producing electrofuels based on CO2 emissions. 

Non-technical (Social, socio-economic and political dimension) 
Non-technical analyses investigate how Smart Energy systems should be supported politically, economically 
and socially, and which kinds of institutional and organizational changes and learning processes are required 
in order to do so. The research theme is therefore strongly linked to and rooted in (Socio-Economic) 
Innovative Feasibility Studies and the development of Strategic Energy Planning (in Danish Municipalities). 





A REVIEW OF SMART ENERGY PROJECTS & SMART ENERGY STATE-OF-THE-ART 

Page 21 of 146 
  

Security of energy supply is an essential research area in Smart Energy. System level analysis needs to be 
done on the seconds and minutes level in order to provide the resilient energy services with low risk, and 
which is also cost and resource effective. In relation to this, dispatchable capacity will still be needed in future 
Smart Energy systems based on variable RES, in order to have production capacity during periods with little 
or no production from variable RES. For this reason, a discussion is ongoing regarding how to ensure sufficient 
capacity of flexible dispatchable units. 

Inter-organisational and interdisciplinary learning processes have so far not sufficiently been dealt with from 
a research point of view. It is in many of its aspects a new research area within the energy field. It is of 
profound importance systematically to develop principles for the design and implementation of this inter-
organisational and interdisciplinary learning process, as an equal research theme synchronized with the 
development of Smart Energy system scenarios.  
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Abbreviations 

AD Anaerobic digestion  
BIPV Building Integrated Photovoltaics 
BRP Balancing Responsible Parties 
CCPP Cell Controller Pilot Project 
CEESA Coherent Energy and Environmental System Analysis 
CEDREN Centre for Environmental Design of Renewable Energy 
CHP Combined Heat and Power  
CNG Compressed Natural Gas 
DC District Cooling 
D&D Demonstration and Deployment 
DER Distributed Energy Resources  
DFIG Doubly-Fed Induction Generators 
DH District Heating 
DHC District Heating and Cooling  
DHN District Heating Network 
DHS District Heating System 
DHW Domestic Hot Water 
DKK Danish Krone 
DME Dimethyl Ether 
DSM Demand Side Management 
DSO Distribution System Operator 
DT Decision Tree 
EC European Commission 
EFP Energiforskningsprogrammet (energy research programme) 
ERKC Energy Research Knowledge Centre 
ESS Energy Storage Solutions 
ETL Emission-To-Liquid 
EUDP Energiteknologisk udvikling og demonstration (research and demonstration for energy technologies) 
EU European Union 
EV Electric vehicle 
FACTS Flexible Alternative Current Transmission Systems 
GIS Geographic Information System 
GWP Global Warming Potential 
HP Heat Pump 
HTL Hydrothermal Liquefaction 
HVDC High Voltage Direct Current 
ICT Information and Communications technology 
IDA The Danish Society of Engineers (Ingeniørforeningen) 
IEE Intelligent Energy Europe 
JRC Joint Research Centre 
LCE Low Carbon Energy 
LCPG Low Capacity Power Generators 
LPG Liquefied Petroleum Gas 
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LTPG Low-Temperature Power Generators 
NG Natural Gas 
NGO Non-Governmental Organization 
NOK Norway 
ORC Organic Rankine Cycle 
P2G Power to Gas 
PMSG Permanent Magnet Synchronous Generator 
PMU Phasor Measurement Units 
PSO Particle Swarm Optimization 
PST Phase-Shifting Transformers 
PVT Photovoltaic Thermal Hybrid Solar Collectors 
R Research 
RDD Research, Development and Demonstration 
R&D Research and Development 
RE Renewable Energy 
RES Renewable Energy Sources 
SCWG Super Critical Water Gasification 
SE Sweden 
SEK Swedish krone 
SEP Strategic Energy Planning 
SETIS Strategic Energy Technologies Information System 
SGEM Smart Grids and Energy Markets 
SNG Synthetic Natural Gas 
SOEC Solid Oxide Electrolysis Cells 
SSA Stability and Security Assessment 
TED Thermo Electric Devices 
TEKES Finnish Funding Agency for Innovation 
TSO Transmission System Operator 
UK United Kingdom 
US DOE The United States Department of Energy 
WADC Wide Area Damping Controllers 
WAMS Wide Area Measurement Systems 
ZEB Zero Energy Buildings 
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Part A: Review of Smart Energy Projects 
 

Part A.1: Review of Danish Smart Energy projects 
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1. Review of Danish Smart Energy projects  
In this part of the report a total of 225 Smart Energy projects are reviewed from Denmark in the period from 
2005 to 2015. The review includes projects funded from all the main Danish funding bodies. It is assessed 
that the included projects represent over 95% or more of all the Smart Energy research projects in Denmark 
during this period. A database of the selected projects is made available for download as part of this report 
at www.vbn.aau.dk. 

 Methodology 

1.1.1.  Project selection criteria and process 
The selection criteria used at the initial stage to identify research projects was whether they contribute to 
the implementation of Smart Energy or not. Using this selection criteria, the project selection did not include 
all renewable energy projects, but instead only projects that actually further develop, enable, enhance or 
implement Smart Energy by improving sector interaction or the possibility to do so.  

The next step was a detailed mapping and labelling process outlining the characteristics of each individual 
project. For each Smart Energy sector, different sub-sectors were defined, covering Smart Grids, 
infrastructures and technologies for example. The transport sector is a major part of the energy system but 
in Smart Energy the relevant sub-sectors for transport arise under the electricity sector (i.e. EVs) and gas 
sector (i.e. electricity to gas, electricity to liquid fuels). The projects with non-technical aspects of Smart 
Energy (i.e. socio-economic, institutional) were also included. Some projects include technical and non-
technical aspects. 

Only projects that have started within the last 10 years (2005-2015) were included. In summary, the steps 
for selecting the projects were: 

- An initial selection of the projects.  
- Addition and exclusion of projects as the labelling, mapping and review process was undertaken.  
- During the process a database with the research projects was developed and this was distributed 

and reviewed by members of the Smart Energy Network Partnership and other selected experts in 
the end of September 2015. The final database was distributed among the Smart Energy Networks 
Partnership by the end of October. As a result, a few projects were added to the database. 

Projects included desk research projects, research and development projects and demonstration projects. In 
most instances the projects were selected based on a high level selection using the project abstracts available 
in the public databases, and on expert knowledge. The projects selected for the review are believed to serve 
as a very good representation of Smart Energy projects in Denmark. More than 95% of all Smart Energy 
projects are believed to be included, since all the largest funded projects were selected within the area and 
all major funding bodies have been screen. 

  

http://www.vbn.aau.dk/


http://www.energiforskning.dk/


http://www.energiforskning.dk/
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Table 4: Energy system sectors and sub-sectors considered in the review of Smart Energy research projects  

ENERGY SECTOR 
CONSIDERED: 

Electricity Sector Thermal Sector Gas Sector 
Non-technical (Social, socio-

economic, political 
dimension) 

SUB-SECTOR 
CONSIDERED: 

Electricity infrastructures and 
systems (i.e. micro grids, charging 

infrastructure for EVs) 

Thermal infrastructures and 
systems (i.e. heat storages, heat 

pumps) 

Gas infrastructures and systems 
(i.e. gas sensors) 

Feasibility studies 

 

Development of appliances for 
smart systems (i.e. heat pumps, 

electric boilers, new technologies, 
etc.) 

Improved district heating (DH) 
and cooling 

Development of technologies 
(i.e. electrolysers, biomass 
gasifier, biogas plant, etc.) 

Socio-economic analyses 

 
Electricity storage (i.e. batteries, 
compressed air, pumped hydro, 

electricity to hydrogen, etc.) 

ICT: control, algorithms, 
advanced monitoring 

Electricity to gas (i.e. 
production cycle, upgrade of 

biomass or biogas) 

Focus on institutions and 
organisations 

 
ICT: control, algorithms, 
communication, meters, 

protections 
Smart heat meters Gas to CHP (i.e. district heating) 

User participation and user 
interaction 

 
Electric vehicles (EV) and other (i.e. 

electric boats) 

Energy efficiency in thermal 
system (i.e. low energy houses, 

industrial surplus heat) 
Electricity to fuel User, consumer behaviour 

 
Demand side response, demand 
side management (DSM), flexible 

demand 
Models (software tool) Models (software tool) Ownership projects 

 
Electricity markets and markets' 

design 
   

 Models (software tool)    
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Figure 8: Distribution of Danish projects per project nature. 
Research projects are presented in green, R&D projects in blue, 
and demonstration projects in yellow.  

Figure 9: Distribution of Danish projects per budget (MDKK) per 
project nature. Research projects are presented in green, R&D 
projects in blue, and demonstration projects in yellow.  

The results show that the research and R&D projects together comprise most of the projects. Most projects 
belong in the research category, but this is closely followed by research and development. The demonstration 
project category has the lowest number of projects. 

Although there are fewer research and development projects these projects receive the largest share of the 
granted funding, followed by research and then demonstration projects. 

The number of projects granted per year per project type is shown in Figure 10. These results provide more 
insight into how the project types have changed over the past 10 years. 

 
Figure 10: Distribution of Danish projects per year and per project nature (2015 is not yet complete). 

As shown above, the total number of funded projects has increased steadily from year 2004/2005 to year 
2014. All project types have increased per year, but the steadiest increase can be seen in research and 
development projects. Except for in 2014 when there was a spike in research project granted funding. The 
demonstration projects increased at a steady but slower rate. Since 2015 has not ended yet, the number of 
projects is lower than previous years. However, it appears that by the end of 2015 there will in general be 
fewer projects funded, as this data was taken in October 2015, near the end of the year. 
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It is also important to look into the granted budget per project since the number of projects does not always 
correlate with the amount of money funded. In Figure 11 below, the annual granted budget (in MDKK) per 
project nature is shown, while Figure 12 shows the cumulative granted budget. 

 
Figure 11: Distribution of granted budget, in MDKK, per year and per project nature (2015 is not yet complete). 

 

 
Figure 12: Distribution of granted budget, in MDKK, per year and per project nature (2015 is not yet complete).  

In Figure 11, a similar pattern is shown as in Figure 10. The granted budget has increased steadily from year 
2004 until 2015 for R&D projects. The granted budget for research projects has not increased as fast as the 
number of projects, except for 2011 when four large projects (iPOWER, CORPE, System services from small-
scale distributed energy resources, and the Strategic Research Alliance for Energy Innovation systems (EIS)) 
were initiated with a combined granted budget of 150 MDKK. Although numerous research projects were 
initiated in 2014 the combined granted budget was comparatively not very high, indicating that the granted 
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Figure 14: Granted funding, in MDKK, per funding body in the period of analysis. 

The results show that Innovation Fund Denmark has granted the largest total budget (in orange), even though 
it accounted for only 15% of total number of projects funded. ForskEL (in dark green) and EUDP (in yellow) 
have the second and third largest funding, which is in line with the number of projects that they funded. The 
other bodies have granted much less than these three. 

1.2.3.  Sectors researched in the projects  
In this section, the research content of the projects is analysed. As mentioned above, there are three main 
energy sectors defined in Smart Energy: electricity, thermal and gas. The projects are analysed in terms of 
their scope across these sectors.  

Before analysing the specific content of the projects, we have first defined the number of projects that focus 
on a single energy sector or multiple cross-cutting energy sectors, as shown in Figure 15 below. The total 
granted budget (in MDKK) for project groups is also shown. In addition, Figure 15 illustrates those projects 
that focus only on social elements, and which do not specifically focus on any of the three energy sectors. 
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Figure 15: Number of projects that focus on one sector or numerous sectors included in the study 

The results show that there are more projects with a single sector approach (124 versus 96 (multi-sector)). 
Most multi-sector projects focus on two sectors (70). There are five projects that focus only on non-technical 
aspects of Smart Energy and do not investigate any particular energy sector. 

A different relationship is found for the granted budget. The largest grants are allocated to multi-sector 
projects, which accumulate to a total granted budget of 738 MDKK. The single sector projects have a total 
granted budget of 686 MDKK. The granted funding for the non-technical projects accumulates to 40 MDKK. 

Figure 16 shows the annual granted funding for the single sector and multi-sector projects. The total granted 
budget for all projects is also shown. 

 
Figure 16: Distribution of granted budget, in MDKK, per year and per project type, i.e. single-sector projects and cross-cutting 

projects. The total number of projects per year is also shown (2015 is not yet complete). 
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As shown above, the granted budget for single-sector projects has increased from year 2008 to year 2012, 
but experienced a continuous decline since 2012. The multi-sector projects have seen an increase in years 
2014 and 2015. The highest granted budget is achieved in 2015. The total granted budget for all projects has 
remained steady since 2011 except for a relatively large dip in 2013. 

In  

Table 5 and Figure 17 below, the granted budget that is given to each sector is shown.  

Table 5 and Figure 17 present the same information; the table shows the absolute granted budgets and the 
figure is a visualization of the distribution of budgets among the sectors.  

The purpose of these results is to show the amount of funding provided when an energy sector is part of a 
project with another energy sector. For example, the results show how much funding is granted to the 
electricity sector when its sub-sectors are researched with each other (cell in blue: 492 MDKK). And the 
results show the total granted budget when the electricity sector is researched in combination with sub-
sectors from another sector (e.g., in green: 88 MDKK gas sector and electricity sub-sectors researched in the 
same projects).  

As explained above, if a project investigates multiple sectors and sub-sectors the granted budgets of the 
projects were divided equally between the different sectors and sub-sectors.  

 

Table 5: Granted budget (in MDKK) allocated to each energy sector and combination of energy sectors for all projects 

Electricity sector 492    

Thermal sector 185 80   
Gas sector 88 31 135  
Non-technical 242 92 44 122 

 Electricity 
sector 

Thermal 
sector 

Gas 
sector 

Non-
technical 

 

 

Figure 17: Granted budget (in MDKK) allocated to each energy sector and combination of energy sectors for all projects 
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Figure 19: Level of number of single sector projects per year and per energy sector (2015 is not yet complete). 

The results show that numerous electricity sector projects have been granted in the last few years, especially 
in 2012 and 2014. Less single-sector thermal projects have been granted, but in 2011, 2014 and 2015 the 
most projects were granted. Not many gas projects have been granted but 2015 was the year with most 
granted projects. 

The annual granted budget per energy sector for the single sector projects are shown in Figure 20 below. The 
figure also shows the cumulative granted budget from 2004 to 2015. 

 
Figure 20: Annual granted budget per sector and cumulative budget from 2005 to 2015 per sector for single-sector projects (2015 is 

not yet complete) 

The results show that the single-sector electricity projects had a higher granted budget in the years up to 
2011 and since then the budget has decreased. The gas projects have increased over time, with a steeper 
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increase in 2015. The thermal sector projects have remained at a low level of granted funding with small 
increase in 2013. 

The cumulative granted funding has decreased in recent years but the reason why the budgets have 
decreased is likely because more projects include multiple-sectors in recent years and this is investigated in 
the next section. 

1.2.5.  Breakdown of energy sectors into sub-sectors 
Three energy sectors have been defined for the analysis: electricity sector, thermal sector, and gas sector; 
where each sector is characterised by numerous sub-sectors (as presented in Table 4).  

The aim of this research is to understand the distribution of energy sectors between the projects, but when 
more than one sector is involved it is complicated to compare projects. For example, the projects have 
numerous combinations of sectors, which makes them difficult to compare. Therefore, it is easier to analyse 
the projects on a sub-sector level. When the projects are analysed on the sub-sector level, the sub-sectors 
are compared. And this makes it possible to compare the multi-sector project sectors with each other. 

In Figure 21, the number of projects and granted budget for projects with 1,2,3,4,5 or more sub-sectors is 
shown. This shows the scope of the projects when researching Smart Energy. There is a maximum of 26 sub-
sectors possible in a project, as presented in Table 4. 

 
Figure 21: Number of projects and granted budget (in MDKK) dedicated to one, two, three, x,.. sub-sector projects  

The results show that the number of projects with two to three sub-sectors are the most common of all the 
projects and subsequently these projects have the largest combined granted budget. The next most common 
projects have 4 or 5 sub-sectors. It is less common to have a project that focuses on more than 5 sub-sectors, 
or on only 1 sub-sector. The maximum number of sub-sectors in a project is 20; this is the CITIES project and 
it has a granted budget of 44 MDKK. The second largest project with a high number of sub-sectors (15) is the 
4DH project with a granted budget of 37 MDKK. The projects with 9 subsectors have a large granted budget 
and the largest projects include iPOWER, Smart City Kalundborg, EDISON, Power2Hydrogen and TotalFlex 
and they have a combined granted budget of 112 MDKK.  
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2. Review of Nordic Smart Energy projects 
There has been a rather intensive and large activity in all Nordic countries concerning Research, Development 
and Demonstration (RDD) in the field of Smart Grid research during recent years. In all countries, this field 
has also resulted in the creation of national cooperation within networks of actors involved in Smart Grid 
research and experimentation. This review has a focus on the Nordic countries, Norway, Sweden, and 
Finland, as the research activities in Denmark are reported in Section 0. 

The JRC [3] has reported 97 projects related to the smart electricity grid theme and in this section, 51 of the 
projects have been identified and reported as relevant from the smart energy system perspective. The list 
of reviewed projects can be seen in   
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Denmark, Finland has a high degree of combined heat and power plants where policies attempt to support 
their conversion to wood based fuels. 

Selected sources and overview of presentations and reports on this subject: [15], [16], [17], [18], [19], [20], 
[21], [22], [23], [24], [25] and [26]. 
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3. Review of European Smart Energy projects 
Energy research in the European Union is driven by Energy and Climate policies in places that have targets 
for 2020 and visions up to 2050. In order to meet these targets, sets of funding bodies and programmes were 
formed to provide funds for projects that can transform the European energy system to future low carbon 
technologies. The Energy Research Knowledge Centre (ERKC) identified 45 themes as important for policy 
makers and researchers. These themes were divided into 9 priority areas of which some have aspects of 
smart energy systems. ERKC has made a small progress in using a different terminology than previously. They 
do not define Smart Grids as smart electricity grids but include both smart district heating and cooling, both 
demand and supply side, and storage options. This is an important step forward as the future energy systems 
will be built upon different Smart Grids, not only smart electricity grids.  

The scope of this section is to give an overview of the EU-funded projects in different smart energy system 
areas and to see the trends in funded projects. The section includes 83 projects that were identified through 
the data search on the SETIS database [27].  

 

Figure 25. Methodology applied for funding overview in different themes 

The search focused only on the main themes of interest under the specific priority areas. Therefore, this 
overview includes the priority areas Smart grids and Smart cities and communities including smart electricity 
grids, transmission and distribution of electricity, smart district heating and cooling grids, both demand and 
supply side, and energy storage. The transport sector projects were identified from the priority area 
Alternative fuels and energy sources for transport and only the theme Other alternative transport fuels was 
included. There is no specific focus on the gas grid infrastructure in any of the 9 priority areas; therefore, an 
overview of the smart gas grid projects is not included.  

The process of the search is outlined in Figure 25 and only projects that had the main theme indicated in the 
database, as the ones mentioned above, were taken into consideration. Under Thematic Research 
Summaries [28], a total list of projects that relate to the specific themes is presented and the list also includes 
cross-thematic projects that are of some relevance to the themes. The time frame for project search was the 
period 2005-2015; hence, funds included are FP7 funds, Intelligent Energy Europe (IEE) and other European 
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 Smart Electricity Transmission 

Smart electricity transmission grids implement advanced technologies that can improve the security of supply 
and the network utilisation. These technologies can be phase-shifting transformers (PST) or flexible 
alternative current transmission systems (FACTS) and different half and full bridge technologies with and 
without direct current switching devices.  

14 projects have been identified under this theme. It is visible from Figure 27 that the highest funding for the 
transmission theme was achieved in 2010, but it has been decreasing since that year.  

 
Figure 27.Budget allocated to Transmission theme from 2008-2013 

 Smart Electricity Distribution 
Smart electricity distribution grids projects have an aim to match the demand with fluctuating supply, 
including different devices, software and services for real-time communication with users. Moreover, short-
term storage capacity brings flexibility and supply-side management.  

8 projects have been identified under this theme. As shown in Figure 28, the budget allocated to projects 
was highest in 2008 and was growing again in the period from 2011 to 2013 after two years of no funding. 
This could potentially be explained by the economic crisis.  

  
Figure 28. Budget allocated to Distribution theme from 2008-2013 
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Figure 29 shows the budget allocated to the smart district heating and cooling grids theme. The first projects 
were funded in 2005 but there was no further funding until 2009. 2010 was the year with the largest amount 
of financing from the European Commission, but the largest project budgets were seen in 2013. 

  Storage 
Under the storage theme, different types of storage technologies such as thermal, electrochemical, chemical, 
electrical or mechanical are included. In addition, the integration of storage technologies in energy systems 
is added as an important aspect of storage technologies. The 16 identified projects included electricity and 
heat storage at small, medium and large scales but most of the projects were focused on electricity. Out of 
16 projects, 2 had the integration in energy systems as a focus: 

stoRE - Facilitating energy storage to allow a high penetration of intermittent renewable energy (www.store-
project.eu). This project was running from 2011 to 2014 and has contributed by creating regulatory and 
market conditions for energy storage infrastructure needed for the integration of renewable energy into the 
electricity grid. 

eStorage - Solution for cost-effective integration of renewable intermittent generation with the 
demonstration of the feasibility of flexible large-scale energy storage with an innovative market and grid 
control approach (www.estorage-project.eu). This is an ongoing project started in 2012 with the objective to 
improve the integration of intermittent renewable energy into the electrical grid. 

Figure 30 shows the budget allocated to energy storage projects. The first projects funded under this main 
theme were in 2008 and the highest funding was achieved in 2012.  

 
Figure 30. Budget allocated to storage theme from 2008-2013 

  Alternative transport fuels  
Alternative transport fuels are of great importance in energy systems and they can reduce the dependency 
on a single energy source. Different chemical energy carriers such as synthetic fuels, LPG and different 
electricity applications for transport are part of the theme Other alternative transport fuels. Electricity as an 
energy carrier is divided into: drive train technologies, electricity storage systems, vehicle integration, and 
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In terms of transport fuels, the focus is on new biofuels and advanced biofuels, and although no mention is 
made about finding synergies with other energy sectors to produce the fuels, for example using excess 
electricity to produce electrofuels, the call is open to interpretation and solutions. It is explicitly stated that 
next generation biofuels should exclude fuels from starch, sugar and oil fractions of food/feed crops.  

Smart gas grids are also considered in call LCE 14 which focuses on biogas/biomethane from manure and 
other waste and the integration into the gas grid. 

There are not many calls related to fossil fuels which is in line with the Smart Energy concept. However, there 
is some focus on shale gas exploration and reducing its impacts. This is not related to smart energy systems. 
Another example is developing highly efficient fossil fuel power plants that will deliver peak demand in the 
electricity sector when renewable electricity has a high penetration. 

In terms of concrete smart energy projects, the first steps are taken in the Smart Cities and Communities call 
SCC 1. This call aims to demonstrate solutions for integrating energy, transport, and ICT sectors in lighthouse 
projects. These calls show the first signs of specific projects focusing on system integration and smart energy 
development on the ground. 

Overall, a step forward has been made with the Horizon 2020 calls where a more integrated approach is 
supported. 

  Summary of project funds 
Figure 31 shows the share of the main themes presented out of the total funds for specific main themes 
under the 9 priority areas. It is visible that the themes related to the smart electricity grid (including 
transmission and distribution) have a total of 6% of funding. The only theme with a higher share than this is 
the other alternative fuels theme. Smart district heating and cooling grids have only 2% of the total budget.  

 
Figure 31. Share of main theme project budget under the total EU budget 
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Figure 32 shows the distribution of funding under the previously presented themes (excluding transport) and 
the number of projects that was included. It is visible that the focus of the projects was on smart electricity 
grids (including distribution and transmission) with funding of ~440 MEUR and 49 projects in comparison to 
~185 MEUR for smart district heating and cooling projects. Energy storage projects also include the electricity 
storage theme with a high share of 16 projects. 

  
Figure 32. Total funding and project number under different themes 

The funding shares for all these themes are visible in Figure 33, showing that 60% of the total funding was 
allocated to smart electricity systems and grids. This is a significant share in comparison to 26% for thermal 
and cooling grids. Energy storage with 14% combines different types of storage including thermal and 
electricity. 

 
Figure 33. Share of EU project funding according to different themes 

Figure 34 shows combined funding in smart electricity grids, in the transmission and distribution theme from 
2002 to 2013. It is visible that the funding peak happened in 2011 and funding was reduced in the following 

18 16 49
 -

 50.000.000

 100.000.000

 150.000.000

 200.000.000

 250.000.000

 300.000.000

 350.000.000

 400.000.000

 450.000.000

 500.000.000

Smart district heating and cooling
grids - supply&demand

Energy Storage Smart electricity grids

To
ta

l f
un

di
ng

 (�
¦)

26%

31%7%

22%

14%

Smart district heating and
cooling grids -
supply&demand

Smart Electricity Grids

Smart Electricity Distribution

Smart Electricity
Transmission

Energy Storage



A REVIEW OF SMART ENERGY PROJECTS & SMART ENERGY STATE-OF-THE-ART 

Page 64 of 146 
  

years. The storage projects did not have a high share of funding and most of the projects were funded in the 
period from 2010 to 2012. 

 

 
Figure 34. Funding in Smart electricity grid, Transmission and Distribution theme in the period from 2002 to 2013 

It is visible from the amount of funding allocated to certain themes that the focus within Smart Grids is still 
given to the smart electricity grids and this research area is growing rapidly. Many individual technologies 
have been developed during the last 15 years, but there is still a need for further market and service levels 
and the integration of electricity grids with other supply grids.  

The smart district heating and cooling activities have mostly focused on the development of the technology, 
the renewable energy integration within these grids, the connection with thermal storage, heating and 
cooling demand mapping, and cost optimisation. There have been few activities on the European level on 
the interaction with other supply grids, but this research needs to be targeted further in the new EU funding 
calls and political activities.  

Energy storage technologies are of high importance in the integrated energy systems and can offer flexibility 
to the system. Previous research efforts on the European level have been focusing on different types of 
energy storage but mostly on the efficiency and costs related issues. Further focus on the new storage 
technologies, their demonstration and cross-cutting storage research is necessary to achieve further 
efficiency improvements on the system level.  

Clearly the electrification of transport is prioritized in the previous activities, which is without doubt the right 
way to continue; however, as some of the transport modes are not suitable for electrification such as heavy-
duty or aviation, there is a need for more focus on funding opportunities for projects that can offer a solution 
for these parts of the transport sector and have more cross-sectorial integration.  
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Part B: Smart Energy state-of-the-art  
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1. Introduction 
The purpose of Part B is to present the Smart Energy state-of-the-art research. To create a comprehensive 
overview, state-of-the-art research was gathered from a wide range of experts. Based on the expert input, 
numerous research areas have been described for the technical and non-technical aspects of Smart Energy 
and these include:  

- Electricity grids, infrastructures and technologies 
- Thermal grids, infrastructures and technologies 
- Gas grids, infrastructures and technologies 
- Cross-cutting interaction between the three energy sectors 
- Social, socio-economic and political dimension 

Parts of the transport sector and the consuming and producing units have also been described. For example, 
the demand side of Smart Energy in housing, industry, etc.  

The results from the review are presented below but firstly the state-of-the-art definition of Smart Energy is 
described. 
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Figure 35: Smart energy system flow diagram [2,39,40] 

 
Figure 36: Energy-flow-diagrams of the grids (a) and storages (b) in Smart Energy Systems[38] 

In Figure 36 grids and storages in Smart Energy Systems are illustrated. By combining the electricity, thermal, 
and transport sectors, the grids and storages in these sectors can improve the energy system flexibility and 
compensate for the lack of flexibility from renewable resources such as wind and solar. In the three grids, 
the storage and connections between sectors is comprised of smart electricity grids, smart thermal grids and 
smart gas grids. 


























































































































































