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SUMMERY
1. What is power to Heat?

A renewable power-to-heat system utilizes renewable electricity 
to generate useable heat for dwellings or industrial activities (i.e. 
via heat pumps or electric boilers). Electric boilers heat water with 
electricity, which is then pumped through pipes or distributed with 
fan coils to provide space heating, or stored in hot water tanks for 
later use. Heat pumps use electricity to transfer heat from nearby 
heat sources (air, water, and ground) to buildings. Heat pumps 
can meet both heating and cooling needs by utilizing heat from the 
surrounding air, water, or earth as the primary source of energy 
and a small amount of auxiliary energy to power the process.
Electricity from renewable sources can be transported with the 
existing infrastructure either to the final heat customers or to a 
centralised heating production station.

2. The Role of power to heat in The 
    Power Sector

By integrating heat pumps and electric boilers as a source of 
demand-side flexibility in power systems, power-to-heat systems 
can help integrate increasing shares of VRE. These electric loads 
can be used to reduce excess renewable generation curtailment, 
and load shift to match renewable energy generation and provide 
grid services.

Figure 1:Types of heating systems that use electricity, Bloess et al. (2018)
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• Policies and regulatory support

Limiting the use of fossil fuel boilers and mandating new buildings 
to utilize renewable energy sources for heating would provide a 
considerable boost to the implementation of power to heat technol-
ogy. incentivising energy efficiency would also contribute to 
boosting the uptake of power-to-heat applications. targets for 
more renewable energy based heating and cooling are required.

4. Challenges and Enabling Factors

• Reducing renewable energy curtailment

Power to heat systems can utilise the excess electricity generated 
by renewable sources to meet heating needs, avoiding renewable 
energy generation curtailment.

• Increasing flexibility through load shifting

In decentralised heating systems, heat pumps can provide 
demand-side flexibility by switching their electricity consumption 
from high-demand to low-demand time intervals, resulting in 
peak shaving or valley filling. Furthermore, when heat pumps are 
installed without storage, load shifting should be done carefully so 
that the consumer's comfort is not compromised.

• Storing energy on large scales

Thermal storage can store energy for days or even months to deal 
with seasonal supply and demand fluctuations. This is especially 
beneficial to energy systems in areas with considerable seasonal 
differences in heating and cooling demands. Summer surplus heat 
from renewables can be stored in thermal storage, which can 
subsequently be used to satisfy winter heating demand, lowering 
the need for non-renewable heat sources during peak times. In 
the winter, thermal storage can be utilized to store natural cold, 
which can later be used to provide space cooling in the summer 
(IRENA, forthcoming). Aquifers or other forms of underground 
thermal energy storage are key technology for seasonal storage.

• Providing grid services via aggregators

Traditional storage heaters were meant to create heat by consum-
ing electricity at night (off-peak), while "smart" storage heating 
solutions are designed to take advantage of price fluctuations 
during the day. Aggregators may remotely operate these smart 
storage heaters to reduce heating expenses for households while 
also providing grid-balancing services to the national grid.

• Increasing self-consumption from renewable local 
     generation

Heat pumps can be powered by locally generated electricity for 
customers using solar rooftop systems. This would help improve 
self-consumption of energy provided by distributed solar installa-
tions, resulting in cost savings by lowering grid electricity purchas-
es (Battaglia et all, 2017). This is especially useful in areas where 
there is no net metering or net billing schemes, and hence no 
method for valuing energy pumped back into the system.

3. Applications of power to Heat in 
    the energy sector

• Incentives for increased use of renewable energy in heating 
and cooling applications

Increased usage of renewable energy for heating and cooling 
should be encouraged with incentives. Consumers, both 
household and industrial, will have to make upfront investments to 
switch to renewable energy for heating and cooling, and plans that 
ease the financial burden on consumers will stimulate faster 
adoption of renewable energy for heating and cooling. These 
systems, however, should be adjusted to the needs of different 
consumer segments, building types (residential vs. industrial), and 
heating system types (centralised vs. decentralised), as well as 
other external elements including climate zone.

• Market design enabling revenue staking

Heat pumps and smart storage electric heaters can be utilized to 
supply ancillary services to the electricity market if they are widely 
adopted. However, effective market design should enable 
power-to-heat systems to "stack" revenue for delivering grid 
flexibility services, possibly via aggregators, to make efficient use 
of these resources in adding flexibility to the grid. In order for 
heating equipment to provide flexibility within a short response 
time, effective metering, verification, settlement, and invoicing 
processes are also necessary (Darby, 2017).

• Aggregators

Heat pumps can supply some grid ancillary services, but their 
power output is limited, therefore a single heat pump cannot 
provide these services for the significant period of time the power 
system requires. When heat pumps are grouped together, they 
can complement one another, resulting in a virtual power plant 
that can offer the system with grid services.

• Consortium or network of stakeholders for a holistic vision

Building national consortiums that bring together multiple 
stakeholders such as local government, energy suppliers, utility 
companies, civil engineers, designers, and end users will lead to a 
better understanding of the requirements for electrifying the 
heating sector effectively. Existing consortiums that focus on 
renewable energy-based solutions in buildings and industry can 
promote power-to-heat technology as well.



• Vattenfall

Vattenfall, a Swedish utility firm, uses extra wind energy to power 
an electric boiler in Hamburg, avoiding wind power restriction. 
Vattenfall will also invest in power-to-heat boilers in Berlin to 
generate district heat. The units will heat water with power from 
renewable energy sources, which will be distributed to homes and 
businesses (Vattenfall, 2017).

• District heating network

The Chinese city of Qingdao is investing USD 3.5 billion on the 
construction of a district heating system. Heat pumps will be used 
in district heating systems to transmit heat from the air, the 
ground, and waste heat from industries to the city. Qingdao 
District Heating & Power Co. is also investing in the upgrading of 
the city buildings to be compatible with district heating network.

• GM Smart Energy trial

The Greater Manchester Combined Authority is collaborating with 
Japan's New Energy and Industrial Technology Development 
Organization to show how heat pumps may help the grid be more 
flexible. This experimental project used an aggregator to link 500 
heat pumps to the grid and provide ancillary services (Delta 
Energy & Environment, 2018).

5. Projects and Services
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