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1 Introduction 

This report presents energy technologies and systems relevant for the supply of 

renewable electricity and heat production in sparsely populated areas. The first 

part of the report has some general descriptions of technologies and systems. 

The last part of the report contains technology sheets for chosen technologies. 

The technology sheets are also present in the Excel tool. In this tool the key 

figures from the technology sheets are used. 
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2 Technology 

In this section, we briefly describe the main technologies that we employ in this 

guide. The main theme of the guide is how electrification can support a 

transition towards renewable energy in heating as well as power generation. As 

a result, most of the technologies we present use electricity as energy source or 

produce electricity. More detailed descriptions of the technologies can be found 

in the technology data sheets from page 12. 

The technologies we describe are split into three main categories. First we 

present technologies for heating. Second we present technologies for producing 

electricity. Last we present technologies for storing and heat and electricity.  

2.1 Heating 

Electrification of heating is all about creating synergies with the electricity 

generation by providing flexible demand and opportunities for storage. In Table 

1 we list the main advantages and disadvantages of the technologies that we 

describe. 

Table 1 Pros and cons of heating technologies 

Technology Pros Cons 

Heat pump High efficiency High cost 

Electric boiler Low cost Low efficiency 

Biomass boiler Local RES fuel No synergy with 

electricity generation 

 

2.1.1 Heat pumps 

Heat pumps use electricity to extract heat from the surrounding environment. 

Since a large proportion of the heat generated comes from the surrounding 

environment and not the electricity, the efficiency in terms of energy produced 
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per energy used is very high. The COP (Coefficient Of Performance) varies in the 

range of 300% to 400% of the electricity used depending on the quality and size 

of the heat pump and the local climate. 

Heat pumps are a very efficient way of converting electricity into heat. However, 

heat pumps are also quite expensive. The economic viability of heat pumps 

depends on operating them at close to maximum capacity as often as possible.  

2.1.2 Electric boilers 

Electric boilers are the simplest way of converting electricity to heat. The 

efficiency is usually close to 100%, which is still very low, compared to a heat 

pump. On the plus side is the very low cost of electric boilers. 

Electric boilers are ideal as a supplement to heat pumps for boosting max 

capacity in peak load hours. 

2.1.3 Biomass boilers 

Biomass boilers are included in the guide as an alternative to electrification. In 

some cases, electrification may not be an option, or biomass is readily available 

at low or no cost. Biomass boilers are typically cheaper than heat pumps. 

Using biomass as a heat source instead of electrification may make it more 

difficult to balance the electric production from intermittent electricity sources 

like solar power and wind. On the other hand, the availability of biomass may 

also lead to a consideration of biomass for electricity production. 

2.2 Electricity 

In this guide, we have omitted most technologies based on biomass, as we 

foresee possible issues with procurement and documenting the CO₂ neutrality of 

biomass. Whether biomass is CO₂ neutral or not is still the subject of heated 

debate – a debate that we will not go into in this guide.  

Table 2 Pros and cons of power generation technology  

Technology Pros Cons 

Wind turbines Fuel is free No control of when the 

wind blows 

Photovoltaics Fuel is free No control of when the 

sun shines 

Hydro power Flexible production Requires differences in 

altitude 

Bio diesel generator Flexible production CO₂ emissions are 

debatable 
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Expensive fuel 

 

2.2.1 Wind turbines 

Wind turbines come in a wide range of designs related to either the amount of 

electricity they can produce and the wind speeds they can produce at. Wind 

turbines are typically designed for a specific range of wind speeds at which they 

produce at their optimum. The less extreme wind conditions are, the easier it 

will be to find a suitable wind turbine. 

The electricity produced from a wind turbine will be very volatile and will 

typically need to be balanced by production units or storage facilities under the 

control of the balancing responsible.  

2.2.2 Solar power (photovoltaics) 

Much like wind, the electricity produced from solar panels is very volatile. In 

order to deliver a stable and secure supply of electricity, solar power must be 

balanced by other sources. 

Solar power will often be less than ideal in combination with electrification of 

heat, as the temperature is correlated with sunlight. At higher temperatures, the 

demand for electricity from heating will be lower, hence when solar panels are 

producing at their maximum capacity, demand for electricity will be at its lowest. 

2.2.3 Hydro power 

Unlike wind and solar power, hydro power is a flexible renewable energy source. 

Hydro power can be based on the steady flow of water in a stream or river, or it 

can be combined with a reservoir to further increase the control of the 

production of power. Reservoirs can also be used for pumped storage, which will 

be covered in section 2.3.3. 

Hydro power requires the availability of two main components: altitude 

differentials and large quantities of water. In addition use of water from the 

reservoir may come at an opportunity cost, as the same water cannot be used 

later. 

2.2.4 Bio diesel generator 

Using bio diesel in an existing diesel generator is a short cut to flexible electricity 

production on a renewable energy source. The bio diesel generator can fill the 

same role as hydropower by matching the balancing needs of the intermittent 

production from wind and solar power. 

Biodiesel is a direct replacement for fossil diesel and emits the same amount of 

CO₂ when combusted. However, burning biofuels is technically considered CO₂ 

neutral, as the source of the CO₂ is expected to regenerate (and bind the CO₂ 
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again) within a short (1-20 years) timespan. It is important to recognise, that 

the status of bio fuels as a renewable and "clean" energy source is debatable 

and may change. In the short run it is certainly a quick fix to the balancing 

needs of wind and solar power. 

2.3 Storage 

The ability to store heat and electricity is vital to small-scale systems. Storage 

provides the means to temporally separate consumption and production. This 

essentially means that energy can be produced whenever the conditions are 

beneficial and it can be consumed whenever the need arises. Without storage, 

energy would have to be produced when and only when it is needed.  

Storage of heat serves two main purposes: 

› To save up heat for periods when the maximum load is higher than the 

capacity of the heat sources 

› To produce heat when the price of electricity is low and save it for periods 

with high prices 

Storage of electricity also serves two main purposes: 

› To store excess electricity produced when then sun is shining or the wind is 

blowing and use it when the sun is not shining or the wind is not blowing 

› To even out spiky production from wind and solar power in the very short 

run 

Heat and electricity storage are to some degree substitutes when heating is 

electrified. Excess electricity can be stored as heat as long as the consumption 

of heat is sufficiently high. Some electric heating components are sufficiently 

fast reacting to serve as balancing power when electric production from solar 

and wind power is spiky.  

2.3.1 Hot water tank 

The concept is simple – heat water up and store it in an insulated tank for later 

use. Designing hot water tanks for minimal heat loss and maximum heat 

recovery is complicated. Even though the design is complicated, hot water tanks 

are easily scaled to match the system and are relatively low cost. 

Hot water tanks cannot convert heat back into electricity.  

2.3.2 Batteries 

Batteries store electricity as electricity and can be discharged with a loss of 

15%-30%. The price of batteries has been steadily dropping for long time, but 

batteries are still quite expensive. The price of batteries is high enough that long 

term storage of electricity in batteries is still not realistic.  
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Batteries may have a role to play as short term balancing for intermittent 

production. On the Faeroe Islands the local energy provider SEV is using 

batteries to balance a 15MW wind farm in Thorshavn with good results.  

2.3.3 Pumped hydro storage 

Electricity can be stored in water by pumping water up into the reservoir of a 

hydro power facility. The increasingly efficient pumps available today coupled 

with basically free excess electricity from wind and solar power is what makes 

this solution attractive. Several conditions must be met before pumped hydro 

storage is viable: 

› The availability of a reservoir upstream of the hydro power plant 

› Excess capacity in the reservoir – if the reservoir is full or is expected to be 

filled by precipitation or glacial runoff then filling it with pumped water will 

only lead to overfilling 

› Excess electricity production from sources like wind and solar power 

› A source of water downstream – if the hydro power plant is not producing 

then the discharge in the river may be too low. 

Pumped hydro storage could also be designed to work without connection to a 

fresh water source. Instead the facility could pump sea water up into a tank on a 

hilltop or some other elevated location. 

2.4 Smart energy management 

Smart energy management and smart grid are two sides of one coin. These 

terms refer to a wide range of technologies aimed at increasing the synergies 

between energy production and consumption. The common themes are 

communication, coordination and control. In the following we present three of 

the most common components to a smart grid and smart energy management. 

In chapter 3 we go into more detail with the system benefits that can be 

achieved using these technologies in combination with electrification of heating 

and 100% renewable electricity production. 

2.4.1 Data hub 

The ability to communicate and coordinate production and consumption relies 

heavily on a constant two way flow of information. Real time data on 

consumption patterns flow from consumer to producers, while real time data on 

energy prices flow from producers to consumers. This is a very large amount of 

data which may require investments in improved data infrastructure.   

2.4.2 Centralized override 

In some cases the control of heating units and other installation using electricity 

may be turned over to e.g. the local balancing responsible. In this way, energy 
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demand becomes and asset to the balancing responsible on the same level as 

backup generation. To make it worthwhile, the consumer is typically 

compensated for the loss of control. This kind of centralized control takes 

advantage of the data flow described above. 

2.4.3 Autonomous units 

Another way to improve the flexibility of demand is to install "intelligent" semi-

autonomous units in the consumers' homes. These units are able to tap into the 

flow of data between producers and consumers in order to optimize energy 

consumption.  

The most common example of this would be a refrigerator which shuts off for 

shorter periods of time whenever the frequency of the electricity falls below a 

certain threshold. Another example could be household battery units which 

charge when the price of electricity is low and discharge when the price is high.  
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3 Energy systems 

In this section, we combine the technologies into systems. In small-scale 

systems, it is very difficult to achieve the same flexibility as large-scale systems 

because of a lack of technological diversity. We combine technologies to achieve 

as much flexibility and as many synergies as possible within the limited frame of 

small-scale energy systems. 

3.1 System benefits 

In this guide, we use the term "System benefits" to signify the monetary benefit 

from the synergies generated by electrification of heating and storage of 

heating. These synergies result in a more stable, predictable and flexible energy 

consumption pattern which has a direct impact on the price and cost of energy. 

Producing heat when there is an excess of electricity being produced (eg. plenty 

of wind and sun) is privately profitable because the price of electricity will often 

be lower at these times.  

The same privately profitable actions are also a benefit to the power generator 

and the system responsible for two reasons: 

1 The increased demand from heating reduces the need to curtail wind or 

solar power production units – thus increasing the overall utilization and 

profitability of these units 

2 The stored heating can potentially be used in periods with very low 

electricity production (eg. no wind and no sun) reducing the need to 

produce electricity on less efficient units – ultimately reducing the need to 

invest in generation capacity 

These two benefits should over time lead to lower costs of producing and 

balancing electricity and in turn to lower prices of electricity. 

System benefits play different roles in on-grid and off-grid systems. In on-grid 

systems, any system benefits that electrification of heating can provide may be 

used as a bargaining chip to negotiate favourable electricity prices for heating. 

In off-grid systems the joint heating and power generation system should be 

designed to take advantage of system benefits in order to minimize investments.  
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3.2 Heating (On grid) 

The heating systems described below are all based on heat pumps – either 

individual heat pumps or large heat pumps providing district heating. All require 

a water based system of heat dispersion in the homes. In Norway and Sweden, 

many homes are heated by electric resistance radiators. Converting these 

homes to water based heat systems is likely not feasible, as it would require a 

significant investment in retrofitting the house with hot water pipes and 

radiators.  

Even in small communities, it is unlikely that all households' heating installations 

are the same age. This can be a challenge when it comes to implementing 

collective solutions like district heating, as these solutions would require a rapid 

conversion of all household installations in order to be feasible. Households 

which have recently invested in a new heat installation will have very little 

incentive to replace their brand new installations. 

3.2.1 Individual heat pumps 

Each home replaces its existing heat source with a heat pump drawing heat from 

e.g. the ground or the air. The heat pump is backed up by a small electric boiler 

and a hot water tank. 

This is the solution with the highest household investment. On a positive note, 

this solution does not require any kind of collective decision and it can be 

implemented whenever the existing heat source reaches the end of its technical 

life.  

3.2.2 Individual heat pumps with collective heat source 

Each home replaces its existing heat source with a heat pump drawing heat from 

a collective low temperature water distribution net. The heat pump is backed up 

by a small electric boiler and a hot water tank. 

This solution has lower household investment, but in return requires a collective 

investment in the cold water distribution system. The individual heat pumps 

provide some flexibility to the rate of implementation among the households, 

but the feasibility of the collective distribution system will depend on most 

households connecting to it. 

3.2.3 Large heat pump district heating   

A large heat pump delivers heat to a district heating system. The heat pump is 

backed up by a large electric boiler and a large hot water tank. 

This solution has the lowest household investment, but the largest community 

investment in heat pump and high temperature water distribution net. The 

collective nature of this system requires a very high rate of connection among 

the households. It also limits the flexibility in terms of timing of the conversion 

for the individual household.  



 

 

     

 10  TECHNOLOGY CATALOGUE 

  

3.3 Electricity and heating (Off grid) 

Off grid communities need to produce their own electricity. Converting such 

small scale power generation to renewable energy poses some challenges, but it 

also provides the opportunity to base the generation on 100% renewable 

energy. Something users connected to a large scale power grid do not have 

much influence over. 

Unless the community is situated close to an unused source of hydro power, 

wind turbines and solar power will play a vital role in reached the goal of 100% 

renewable energy. The volatile nature of wind power and solar power poses a 

big challenge as they need to be balanced by other more flexible sources or by 

storage. 

Below we present three different scenarios for providing electricity in sparsely 

populated areas.  

3.3.1 Wind/solar with balancing power 

The simplest possible 100% renewable energy setup that includes intermittent 

production would be to replace fossil diesel with bio diesel. The diesel generator 

will provide the balancing of the volatile electricity from wind and sun.  

This setup has the benefit of having a high margin for error and it will allow the 

community to reuse any existing diesel generator. The downside is that bio 

diesel is expensive and the climate impact is debatable, especially when taking 

into account energy used for producing it and transporting it.  

3.3.2 Wind/solar with short term storage and backup 

Combining electrification of heating with intermittent power production provides 

some interesting system benefits. A heating system with an electric boiler as 

backup and hot water storage tank can provide a significant amount of balancing 

power and storage. It might even be feasible to use the electric boiler even 

when the heat is not needed simply as an alternative to balancing with a battery 

or a flexible generation unit.  

The system will still depend on a backup bio diesel generator or a small hydro 

power unit for those cloudy days with no wind.  

3.3.3 Long term storage 

Pumped hydro storage is an option that could solve a lot of the challenges posed 

by intermittent power production. Pumped hydro storage does not need to be 

connected to a river, stream or lake. It could be based on pumping sea water 

instead. 

Combining pumped hydro storage and electrification and storage of heat 

provides a very flexible system. No single component of the combined heat and 

power system needs to be designed to take the full load. Heat pump and electric 

boiler backup combined with a heat storage tank will be able to deliver plenty of 
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heat. Intermittent power production combined with balancing from the electric 

boiler and hydro power and storage in heat and pumped hydro can shift large 

quantities of electricity in time. 
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4 Technology data sheets 

In the following pages, technology sheets are presented. For each sheet both 

key figures and description of the technology is included. Technologies described 

are: 

› District heating 

› DH unit and branch pipes 

› Oil boilers 

› Biomass boiler 

› Surplus heating1 

› Electric boiler 

› Large heat pumps 

› Hot water tank 

› Individual HP (small brine) 

› Large brine 

› Individual HP (large brine) 

› Wind turbines 

› Batteries 

› Solar power 

› Hydro power 

› Pumped hydro storage. 

                                                
1 Surplus heating is dependent of specific parameters such as temperature and 

fluctuating production during the year. Because of this there it is not possible to 

include key figures for the technology. 



24-11-2016

District Heating

Model parameters Unit Value Comment

Fuel Large heat pumps

Area Km2 0,5

Units N 1

Investment LCU 14.500.000               

O&M fixed LCU pr. Year 270.000                     

Electricity consumption % of energy delivered 4%

Efficiency Energy delivered per energy consumed (%) 88%

Lifespan Years 40

Elproduktion, brændselsfrie anlæg MWh/år

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

District heating distributes hot water from one or several production facilities to buildings. The distribution system in itself consists of a pumping 

system, distribution pipes and of course district heating water.

The district heating network can connect different kind of heat production facilities which makes it very flexible. The district heating system can use 

surplus heat from industries or from electricity generation (thermal power) and it can use surplus electricity from wind power in heat pumps or 

electric boilers.

The district heating system can use electric heating units and heat storage to even out the electricity demand with the purpose of implementing more 

renewable energy in the energy system.

The district heating system is expensive and a high heat density in the city is essential. It is not possible to set a limit on the number of buildings or 

heat demand needed for making the district heating system feasible. This is due to the many other unknown parameters such as the heat production 

price and the reference heat production costs.

District heating pipes should be buried in the ground to reduce heat loss. In some areas this is not possible making the district heating projects not 

feasible.

DH unit and branch pipes, biomass boiler, surplus heating, electric boiler, large heat pumps and hot water tanks

District Heating Page 1 of 16 



24-11-2016

DH unit and branch pipes

Model parameters Unit Value Comment

Fuel Large heat pumps

Area Km2 0

Units N 1

Investment LCU 22.500                       

O&M fixed LCU pr. Year 800                             

Electricity consumption % of energy delivered 0

Efficiency Energy delivered per energy consumed (%) 100%

Lifespan Years 20,00

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Hot water from the district heating distribution system branch out into small individual pipes. These leads the water to the buildings. Here the hot 

water either exchange heat with the buildings hydronic distribution system or the district heating water is the directly into the hydronic distribution 

system.

The district heating network can connect different kind of heat production facilities which makes it very flexible. The district heating system can use 

surplus heat from industries or from electricity generation (thermal power) and it can use surplus electricity from wind power in heat pumps or 

electric boilers.

The district heating system can use electric heating units and heat storage to even out the electricity demand with the purpose of implementing more 

renewable energy in the energy system.

The district heating system is expensive and a high heat density in the city is essential. It is not possible to set a limit on the number of buildings or 

heat demand needed for making the district heating system feasible. This is due to the many other unknown parameters such as the heat production 

price and the reference heat production costs.

District heating pipes should be buried in the ground to reduce heat loss. In some areas this is not possible making the district heating projects not 

feasible.

District heating (distribution), biomass boiler, surplus heating, electric boiler, large heat pumps and hot water tanks

DH unit and branch pipes Page 2 of 16 



24-11-2016

Oil boilers

Model parameters Unit Value Comment

Fuel Oil

Capacity, production MW 0,01

Capacity, storage MWh -

Investment LCU 49.080                       

O&M fixed LCU pr. Year 2.008                          

Efficiency Energy delivered per energy consumed (%) 85%

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

An oil burner or oil furnace is a heating device which burns heating oil, diesel fuel or other similar fuels. Oil-fired furnaces and boilers are a popular 

choice in areas of the country with limited access to natural gas, district heating or cheap electricity.

The oil-fired boiler is simple reliable technology, operating with a high thermal efficiency. The need for service is limited to once per year as stated in 

the regulations. In fact, one per two years will be sufficient for many installations.

Oil boilers are not a part of a smart energy-system.

Oil boilers are mainly dependent of fuel supply.

Oil costs are high and emits CO2 along with other polutants.

None

Oil boilers Page 3 of 16 



24-11-2016

Biomass boiler

Model parameters Unit Value Comment

Fuel Wood chips

Capacity, production MW 5

Capacity, storage MWh -

Investment LCU 29.745.455               

O&M fixed LCU pr. Year 1.204.691                  

Efficiency Energy delivered per energy consumed (%) 108%

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

The biomass boiler is a thermal heat production facility burning bio fuels such as wood and straw. The plant can be established in both small and large 

scale. Dependant of the fuel the plant can be very easily managed.

The biomasse boiler can use local biomass for heat production which can be quite cheap and easy accessible. The biomass boiler production can be 

controlled.

The biomass boiler itself is not a part of the smart energy system. However, if using electric heating as base load when electricity is cheap the 

biomasse boiler is great as a flexible heat production facility convering the remaining heat demand.

The biomass boiler need district heating system to distribute the heat to the consumers.

Local biomass can be necessary for the biomass boiler to be feasible. In some areas imported biomass can be very expensive.

District heating and heat storage

Biomass boiler Page 4 of 16 



24-11-2016

Surplus heating

Model parameters Unit Value Comment

Fuel Surplus heat

Capacity, production MW

Capacity, storage MWh

Investment LCU -                              

O&M fixed LCU pr. Year -                              

Efficiency Energy delivered per energy consumed (%)

Lifespan Years

Elproduktion, brændselsfrie anlæg MWh/år

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Surplus heating can be from industrial processes or from electricity production. Some industries need high temperatures for some processes but 

cannot utilize the heat (hot water, hot steam etc.) and it has been used. In many sparsely populated areas the electricity is produced by oil or diesel 

generators. The flue gas from the combustion has a high temperature but cannot be utilized for further electricity production in the generator.

The main advantage of the surplus heat is that it is very cheap since it will be sent out through the chimney if not utilized for other heating purpose. 

The surplus heat can be utilized in a district heating network supplying buildings with heat.

Optimising energy production facilities is central in the smart energy system. The surplus heating can supply other heating facilities with covering the 

heat demand in a district heating system. Heat storage is often important in surplus heating projects since the surplus heat usually is dependent of 

other things such as electricity demand and production plans.

The surplus heating facilities needs the district heating network to distribute the heat to the consumers. The facilities should therefore not be to far 

away from cities.

The temperature of industrial surplus heating can be to low to be used directly for district heating. In these cases a heat pump can be used in 

combination with the surplus heating to increase the temperature of the return water from the district heating distribution network.

District heating and heat storage

Surplus heating Page 5 of 16 



24-11-2016

Electric boiler

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 1

Capacity, storage MWh -

Investment LCU 200.000                     

O&M fixed LCU pr. Year 10.039                       

Efficiency Energy delivered per energy consumed (%) 99%

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Electric boilers uses electricity to increase the temperature of water.

The electric boiler is quite cheap and can easily be controlled.

The electric boiler can be used to stabilizing the electric grid when wind power production is high. The high can be used in a district heating network. 

The electric boiler has a low efficiency compared with heat pumps and the base load of the heat production could therefore be based on electric heat 

pumps. The systems should be supplied by a heat storage. The electric boiler can also be used as a low cost back-up unit.

The electric boiler needs a suitable electric connection and perhaps substations.

The electric boiler needs a district heating system to distribute heat to consumers.

Wind turbines, district heasting, heat storage and heat pumps

Electric boiler Page 6 of 16 



24-11-2016

Large heat pumps

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 1

Capacity, storage MWh -

Investment LCU 8.200.000                  

O&M fixed LCU pr. Year 198.500                     

Efficiency Energy delivered per energy consumed (%) 3,8

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

A heat pump is a device that provides heat energy from a source of heat to a destination called a "heat sink". Heat pumps are designed to move 

thermal energy opposite to the direction of spontaneous heat flow by absorbing heat from a cold space and releasing it to a warmer one. A heat 

pump uses some amount of external power to accomplish the work of transferring energy from the heat source to the heat sink.

The heat pump has a very high efficiency.

The heat pump can use surplus electricity to produce heat. If necessary the heat can be produced during period with high wind power production or 

low electricity demand. The heat can be stored in a heat storage and used whenever needed.

The heat pump needs a heat ressouce such as either low temperature - sea water, lake water, waste water - or high temperature heat - industrial 

surplus heating, geothermal heat. The large heat pump needs a district heating system and a large elecitrity supply.

The heat pump needs electricity which in some areas can be a high cost product if there is not low cost electricy from hydro power or likewise.

Heat sources can be a limitation in many areas if lakes/sea if frozen in winter time and/or the distance to the sea is to large.

District heating, heat storage, wind power, solar power and hydro power

Large heat pumps Page 7 of 16 



24-11-2016

Hot water tank

Model parameters Unit Value Comment

Fuel Hot water

Capacity, production MW -

Capacity, storage MWh 15 500 m³

Investment LCU 2.600.000                  

O&M fixed LCU pr. Year 50.000                       

Efficiency Energy delivered per energy consumed (%) 100%

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

The hot water tank is a very typical heat storage in district heating systems. The storage is often layered with hot water at the top and cold water at 

the bottom of the tank.

The heat loss of the heat storage tank is very low and the storage is relatively cheap and easy to establish.

The heat storage is essential in the smart energy system. With the use of the heat storage any heat production can be stored before entering the 

district heating system. If heat is produced by electric heating units the heat storage makes it possible to produce when electricity production is high.

-

Heat storage is only relevant if connected to a district heating system.

District heating, biomass boiler, heat pump, electric boiler and surplus heating
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24-11-2016

Individual HP (small brine)

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 0,006 Back up of 10 kW electric heating

Capacity, storage MWh 0,0035 Storage of 300 litres

Investment LCU 150.000                     

O&M fixed LCU pr. Year 1.500                          

Efficiency Energy delivered per energy consumed (%) 3,5

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

A heat pump is a device that provides heat energy from a source of heat to a destination called a "heat sink". Heat pumps are designed to move 

thermal energy opposite to the direction of spontaneous heat flow by absorbing heat from a cold space and releasing it to a warmer one. A heat 

pump uses some amount of external power to accomplish the work of transferring energy from the heat source to the heat sink.

The individual heat pumps has a very high efficiency.

The individual heat pumps can to some extend be used in the smart energy system. The heat pumps can use fluctuating wind power and the electric 

boilers associated with the heat pumps can be used for stabilizing. However, since the heat storage in buildings are small not much heat can be 

stored.

For achieving a feasible COP the heating surfaces in the buildings should be large.

To use the individual heat pumps for stabilizing the electric grid control systems are needed. These systems are not quite ready yet.

Hydro pwer, wind power and solar power
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24-11-2016

Large brine

Model parameters Unit Value Comment

Fuel Individual HP (large brine)

Area Km2 0,5

Units N 1

Investment LCU 9.400.000                  

O&M fixed LCU pr. Year 150.000                     

Electricity consumption % of energy delivered 4%

Efficiency Energy delivered per energy consumed (%) 72%

Lifespan Years 40

Elproduktion, brændselsfrie anlæg MWh/år

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

The large brine network uses a central heat source such as seawater or large boreholes. From this a pipe network distributes low temperature brine to 

buildings connected to the network. The pipe system is similar to the dsitrict heating network but because of the low temperature of the brine there 

is no heat loss and the pipes do not need to be insulated.

The individual heat pumps has a very high efficiency.

The large brine network is connected to individual heat pumps (large brine)

The large brine system is expensive and a high heat density in the city is essential. It is not possible to set a limit on the number of buildings or heat 

demand needed for making the large brine system feasible. This is due to the many other unknown parameters such as the heat production price and 

the reference heat production costs.

The electricity consumption for the pumps in the brine network is quite high.

Individual heat pump (large brine), hydro power, wind power, solar power
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24-11-2016

Individual HP (large brine)

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 0,006 Back up of 10 kW electric heating

Capacity, storage MWh 0,0035 Storage of 300 litres

Investment LCU 90.000                       

O&M fixed LCU pr. Year 1.000                          

Efficiency Energy delivered per energy consumed (%) 3,75

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

A heat pump is a device that provides heat energy from a source of heat to a destination called a "heat sink". Heat pumps are designed to move 

thermal energy opposite to the direction of spontaneous heat flow by absorbing heat from a cold space and releasing it to a warmer one. A heat 

pump uses some amount of external power to accomplish the work of transferring energy from the heat source to the heat sink.

The individual heat pumps has a very high efficiency.

The individual heat pumps can to some extend be used in the smart energy system. The heat pumps can use fluctuating wind power and the electric 

boilers associated with the heat pumps can be used for stabilizing. However, since the heat storage in buildings are small not much heat can be 

stored.

For achieving a feasible COP the heating surfaces in the buildings should be large. The individual heat pumps with shared brine system need a 

consumer group which can use the common brine system.

To use the individual heat pumps for stabilizing the electric grid control systems are needed. These systems are not quite ready yet.

Large brine, hydro pwer, wind power and solar power
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24-11-2016

Wind turbines

Model parameters Unit Value Comment

Fuel Wind

Capacity, production MW 3,5

Capacity, storage MWh -

Investment LCU 26.547.818               

O&M fixed LCU pr. Year 950.516                     

Efficiency Energy delivered per energy consumed (%) -

Lifespan Years 20

Electricity production MWh/år 3900 In The Faroe Islands

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Wind turbines uses wind energy to produce electricity. The production from the turbines is very dependent of the wind conditions. Wind turbines 

placed in the sea can produce more heat due to better wind conditions compared with onshore wind turbines. The offshore wind turbine however has 

higher investment costs and higher O&M costs.

The wind turbine does not emit any pollutants and the only variable costs are for O&M.

The wind turbines produces electricity fluctuating. The electricity production can be used in heat pumps and electric boilers. The electric boilers along 

with batteries can be used for stabilizing the wind power production. Wind turbines can be supplemented with hydro power and solar power.

The wind turbines needs good wind conditions. This is not necessarily a high average wind speed but rather a steady wind speed.

High wind speeds can shut down a wind turbine. A high level of wind power in the electricity system can make the grid unstable. There is a need for 

stabilizing units if increasing wind power production significantly.

Heat pumps, electric boilers, batteries, hydro power and solar power
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24-11-2016

Batteries

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 10

Capacity, storage MWh 100

Investment LCU 163.600.000             

O&M fixed LCU pr. Year 5.763.182                  

Efficiency Energy delivered per energy consumed (%) 85%

Lifespan Years 15

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

The storage of electricity in batteries is very common in small scale. In large scale the technology still struggle with size and cost. However, with a 

growing demand of stabilising of the electric grids and long term electric storage the batteries keep getting smaller and cheaper.

Batteries can be used to stabilize the electric grid. In this way the battery does not even out the electricity production from wind turbines within the 

day but instead within the minute. The batteries can also be used as day to day electricity storage.

The battery can be an important unit for stabilizing the fluctuating wind power production.

The battery is very expensive and the need for a battery as a long term electricity storage is not optimal.

The high cost of batteries can limit the use.

Wind turbines, heat pumps and electric boilers
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24-11-2016

Solar power

Model parameters Unit Value Comment

Fuel Solar radiation

Capacity, production MW 0,1

Capacity, storage MWh -

Investment LCU 929.545                     

O&M fixed LCU pr. Year 9.325                          

Efficiency Energy delivered per energy consumed (%) 100%

Lifespan Years 30

Elproduktion, brændselsfrie anlæg MWh/år 100                             

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Photovoltaics (solar power) is a semiconductor component that generates electricity when exposed to light. For practical reasons several solar cells 

are typically interconnected and laminated to  a glass pane. The photovoltaic (PV) modules are typically 2 m2 in size. They are sold with a product 

guarantee of typically two-five years.

Solar power is fuel free and  has therefore no variable production costs and do not emit polutants.

Solar power can be used as base load in the smart energy system producing electricity to electric heating systems. If solar power is combined with 

batteries they can supply most of the electricity demand during the summer period. They can also be used to fill up hydro storage facilities during 

summer.

The solar power need a lot of ground or roof space. To produced electricity for a household most of the roof should be covered with solar panels.

Solar power only produces electricity during sunlight. This means that not production is very low during winter and night time all year.

Heat pumps, electric boilers, batteries, pumped hydro storage.
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24-11-2016

Hydro power

Model parameters Unit Value Comment

Fuel Water

Capacity, production MW 10

Capacity, storage MWh -

Investment LCU 157.056.000             

O&M fixed LCU pr. Year 6.871.200                  

Efficiency Energy delivered per energy consumed (%) 80%

Lifespan Years 20

Elproduktion, brændselsfrie anlæg MWh/år 3.000,00                    

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Hydro power plants uses the potential energy of water to produce electricity. The water is led through pipes to a generator producing electricity. The 

capacity of a hydro power plant is dependent of water level and volume.

Hydro power is a low cost electricity production technology. The variable production costs are very low and since there is no fuel use there is no 

emissions. Hydro power is very flexible if there is a water storage associated with the production plant.

Hydro power can be used as both electricity production and electric storage facility. The electricity can be used for electric heating. The storage can be 

used to implement wind power and solar power.

The hydro power needs differences in levels and preferably a continuing water flow. This can be melt water from winter snow or glaciers. It is not 

necessary to have the possibility of making a water storage but this would be very useful.

The hydro power plant can be challenges during winter when the water freezes. This can reduce feasibility significant and limiting the use as a 

electricity reserve.

Pumped hydro storage, heat pumps, electric boilers, wind turbines, solar power
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24-11-2016

Pumped hydro storage

Model parameters Unit Value Comment

Fuel Electricity

Capacity, production MW 10

Capacity, storage MWh -

Investment LCU 297.454.545             

O&M fixed LCU pr. Year 4.461.818                  

Efficiency Energy delivered per energy consumed (%) 0,75

Lifespan Years 50

Elproduktion, brændselsfrie anlæg MWh/år -

Short description

Qualities

Place in the smart energy system

Dependencies

Barriers

Related technologies

Pumped hydro storage uses excess electricity production to pump water up to a reservoir where the water is stored. When needed a hydro plant uses 

the stored water for electricity production.

The pumped hydro storage can be a relatively low cost electric storage facilility. It is very flexible.

The pumped hydro storage can to some extend replace the need for batteries. The pumped hydro storage is connected to the hydro power plant and 

can produce electricity for heat pumps and electric boilers.

A water storage facility needs to be established which sets some location limitations. The pumped hydro storage needs a low level water reservoir. 

This could be the sea if possible.

If no water reservoir is available the pumped hydro storage is not an option. Like the hydro power plant the pumped hydro storage can be limited by 

water in one of the storages freezing.

Hydro power, solar power, wind power
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