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Summary
Heat pumps in domestic
housing and demand
management
Smart grids
Smart grids can contribute in various ways to a better functioning and future-proof power grid by:
•	Integration of new techniques through demand management
•	Efficiency & stability through automatic (re)-configuration
of grids
•	Information & options through monitoring & control of the
mains current

The role of heat pumps
Heat pumps play an important role in the future development of grids. Next to electrical transport, heat pumps are
the most important component in the total energy demand
of the households concerned. By 2020 it is estimated that
approximately 500,000 heat pumps will have been installed
in the Netherlands. This corresponds to one in every fifteen
households, whereby the distribution of heat pumps is not, of
course, homogeneous. In addition, the grid load from sustainable generation in the form of solar photovoltaic (PV) panels
(local) and wind farms (central) will grow.

Heat buffering and control
The use of heat buffers is essential for successful management
of heat pumps in a smart grid. Most of the heat pumps that
have been installed already have a heat buffer of one hundred
litres. To increase effectivity, however, larger buffers could be
used in the future. Current buffers store heat in water, but
by using the thermal mass of (new) housing, phase change
materials (PCMs) and future chemical heat storage, the buffer
capacity could be increased greatly and losses minimised,
enabling heat storage in a building for several days or even
months.
For the smart management of heat pumps, communication
channels and protocols must be developed. Managing the heat
pump itself does not currently anticipate smart management,
but technically this is relatively easy to implement. Thus the
bottleneck for smart grids lies in making available the status information from the stock of installed heat pumps and management information from the grid. Various criteria can be used
for management: price of energy, CO2, grid stability, sustained
production volume, etc.
In the first instance, it would be useful to register, monitor
and manage a large number of heat pumps centrally, so that
optimal strategies for smart management can be developed.
With an increasing number of heat pumps in Dutch housing,
it will become less important to communicate with individual
systems and it will be possible to use aggregated management
stimuli.

The use of a heat pump doubles a household’s electricity demand. Without proper management (e.g. peak demand with
electrical resistance heating), the capacity demand could be
up to 10 times higher than without heat pumps, with auxiliary
electric heating playing a major role in this. By using smart
heat pumps, the electricity demand of heat pumps can be
spread over time, so that the total capacity needed remains
the same despite the higher overall demand in volume.
Heat pumps convert electricity into heat. Given that heat is
relatively simple to store, heat pumps could potentially play an
important role in controlling the grid load.
Depending on the situation, smart management of heat
pumps can save about € 200 - € 1000 per residence on initial
grid costs.
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Possible ways to fit heat pumps in:
toward a smart grid
There are various ways of fitting heat pumps into the grid.
Sorted from conventional to integrated, there are the following options:

Grid reinforcement

Grid administrator responds to the change in demand, no attempt to influence the demand.

Optimising the chain

Take an integrated look at all links: the joint performance of grid, generation system, issuing system
and housing must be optimised.

Monitoring & communication

Gather information on performance and available buffer capacity of heat pumps, make available
information on grid capacity and load expectations.

Management & flexibility

Make management information available, develop two-way communication protocols and actively
regulate the grid load.

Integration of other techniques

Hybrid heat pumps and micro-CHP may help in reducing the peak demand because they use natural gas as fuel. Micro-CHP and solar PV produce electricity that can meet a part of this peak demand. Optimal use of different techniques in residential areas contributes to stability, predictability
and efficiency. Flexibility with other energy carriers is one of the possible solutions.

Recommendations

Manufacturers

Various parties play a role in the development of smart grids.
With regard to the integration of heat pumps, we recommend
the following:

•

Grid administrators

•
•
•
•
•

Facilitate/develop registration & communication.
Research driving forces (non-financial).
Develop instruments for load management & peak shaving.
Develop (standardised) thermal storage systems, suitable
for retrofitting in existing systems (in collaboration with
manufacturers) as well.
Develop a so-called ‘FlexIndex’ to gain insight into the
possibilities of (combinations of) equipment and production systems.

Housing corporations

•

Map potentials for energy saving and flexibility through
heat pumps for the housing supply.

Government

•

Development regulations and energy tax focussed on load
management and smart grids.
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•

•
•
•

•
•
•

Explore possibilities for system integration between techniques.
Develop management concepts for heat pump integration
in smart grids.
Develop management concepts for flexible fuel consumption (gas/electricity) in hybrid heat pumps.
Expand the management of heat pumps with “smart”
functions and monitoring options.
Develop (standardised) thermic storage systems, suitable
for retrofitting in existing systems (in collaboration with
manufacturers) as well.

Installation companies/installation consultants
Participate actively in demonstration projects to gain
experience.
Acquire knowledge about chain optimisation.

Knowledge institutes

•
•

Develop optimal management instruments.
Develop predictive models for grid load, including the
so-called ‘FlexIndex’.

3

Table of Contents
Summary Positioning paper........................................................................................................................................................ 2

1.

2.

3.

Introduction....................................................................................................................................................................... 6
1.1

Why a position paper on load management with heat pumps?.............................................................................. 6

1.2

Heat pumps and the power grid in the future......................................................................................................... 6

1.3

Potential and possibilities of smart heat pumps...................................................................................................... 8

Integration of heat pumps into the power grid............................................................................................................... 10
2.1

Grid reinforcement................................................................................................................................................ 10

2.2

‘Chain thinking’ and chain analysis large-scale application of heat pumps........................................................... 10

2.2.1

The integrated approach.............................................................................................................................. 11

2.2.2

The behaviour of the heat pump is important in the integral approach...................................................... 11

2.2.3

Actively involve the consumer..................................................................................................................... 12

2.3

A national facility for online monitoring of heat pumps........................................................................................ 12

2.4

A more flexible power grid..................................................................................................................................... 13

2.4.1

Demand management.................................................................................................................................. 13

2.4.2

The flexibility index and flex charts.............................................................................................................. 14

2.5

Hybrids: switching between gas and electricity..................................................................................................... 14

2.6

Combination of other technologies....................................................................................................................... 15

2.6.1

Micro-CHP..................................................................................................................................................... 15

2.6.2

Solar PV........................................................................................................................................................ 15

Recommendations for actions......................................................................................................................................... 17
3.1

Network administrators:........................................................................................................................................ 17

3.2

Housing corporations:............................................................................................................................................ 17

3.3

Governments:........................................................................................................................................................ 17

3.4

Manufacturers:...................................................................................................................................................... 17

3.5

Installation companies/installation consultancies:................................................................................................ 18

3.6

Knowledge institutes and research institutes........................................................................................................ 19

Source references & research:.................................................................................................................................................. 20
Colophon:.................................................................................................................................................................................. 20

4

Heat pumps in domestic housing and demand management

Annex 1: Heat pumps in housing.............................................................................................................................................. 21
Basic assumptions:............................................................................................................................................................... 21
Housing supply;.................................................................................................................................................................... 21
Development of the housing supply up to and including 2030 ........................................................................................... 22
Household electricity consumption...................................................................................................................................... 23
Where do we encounter which heat pumps, and when?..................................................................................................... 23
Which housing types with which construction period.................................................................................................... 24
Warmtepompsystemen en plaatsingsmogelijkheid............................................................................................................. 25
Annex 2:Heat pumps and thermal buffers............................................................................................................................... 26
Principle of operation of a heat pump:................................................................................................................................ 26
Heat pump types for housing............................................................................................................................................... 27
Provision of hot water with heat pumps.............................................................................................................................. 28
Electrical models.................................................................................................................................................................. 28
Opportunities for the buffering of heat................................................................................................................................ 29
Tangible heat storage....................................................................................................................................................... 29
Latent heat storage.......................................................................................................................................................... 29
Thermochemical heat storage......................................................................................................................................... 29
Heat pumps and buffer combinations.................................................................................................................................. 30

Annex 3: Changes in the electricity consumption in housing................................................................................................... 31
Developments of the current electricity consumption......................................................................................................... 31
New technologies: E-mobility............................................................................................................................................... 31

Heat pumps in domestic housing and demand management

5

1. Introduction
1.1 Why a position paper
on load management
with heat pumps?
This position paper describes the role that heat
pumps can take in housing in the management
of the future load of the power grid. A grid
administrator will strive for an optimal integration
of heat pumps in the system, of which the grid is
‘only’ a part. This position paper explains how this
‘best integration’ is only possible if it is looked at
integrally and that there are various options for
achieving this integration.
The reason for drawing up a position paper is that the impact
of an integral approach to the widespread use of heat pumps
can be very large for the grid administrator (blackouts,
unplanned grid reinforcements) and thereby also ultimately
on society. In contrast, the timely involvement of the grid
administrator in applying heat pumps with a good integrated
approach means that there is much more is possible and even
can contribute to increasing the flexibility of the power grid,
allowing more renewable energy to be absorbed.
The function of this document is to inform decision-makers
and policy-makers within grid administrators, central and
decentralized authorities, larger installation companies,
manufacturers, consultancies and housing corporations
about the role that heat pumps can fill in the function of load
management in smart grids. The document has been drawn up
to indicate the possibilities, impossibilities and rough potential
of heat pumps in combination with buffers and the flexibility
that it can provide on the electric grid. Because of the breadth
of the subject and the number of aspects that play in this

1.2 Heat pumps and the
power grid in the future
The heat pump is a technology that must contribute forcefully
to the preservation of the housing sector and is expected by
the heat pump industry to undergo some serious growth [1].
This position paper continues to build on the position paper
‘Warmtepompen en economie’ (Heat pumps and economy,
2013), published by the Dutch Heat Pump Association (DHPA)1.
That document elaborates on and substantiates the ambition
of reaching 500,000 installed heat pumps by 2020 (status
2013: 100,000 pumps).
Heat pumps are also a likely instrument for demand management in smart grids because they can convert (sustainably
generated) electrical energy into thermal energy, which can be
used in the built environment at a later time for space heating
or hot water[33].
A heat pump roughly doubles the electrical use of an average
household in existing buildings2 with, of course, a major
reduction in the use of natural gas. This also immediately
indicates the potential for technical regulation. By combining
heat pumps with thermal storage, a relatively large user of
electricity in the building can be applied as a regulatory instrument within the fluctuating supply of sustainably produced
electricity.
Next to e-mobility (completely electric automobile & plug-in
hybrid), the heat pump is the largest energy user in the
building and thereby the device with the greatest impact if it is
managed ‘smartly’. In smart grid test projects, much attention
is often paid to managing all kinds of household devices in a
‘smart’ way, but their impact is much smaller.
Heat pumps and electric transport are, without the (growing)
supply of electricity from solar PV and wind, reason enough for
the smart arrangement of the grids. This smart setup simultaneously offers the opportunity to better facilitate electricity
from sustainable generation.

subject, a conscious choice was made to be restricted to the
main issues of the subject.
However, the appendices contain the necessary depth and
foundations for these issues.

1		
DHPA is the branch organisation for manufacturers and
suppliers of heat pumps in the Netherlands.
2		
In practice, this is much more nuanced and depends on the
heat demand that is very diverse for different housing types.
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x 1.000 PCS

It is expected that heat pumps will increase more and more
quickly in rate of penetration in the near future (see figure 1
below). See “Annex I: Heat pumps in housing” for a detailed
analysis of where heat pumps will appear in the future.
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Figure 1: Expected number of new installations per year by type of
heat pump until 2020 (Source: DHPA, BDH)

Heat pumps offer the unique connection between the electricity grid and the considerable demand for thermal energy, for
generating space heating and hot water.
If more and more electric heat pumps are installed without
the involvement or knowledge of the grid administrator,
problems may arise due to the electricity grid being taxed
much more heavily and heat pumps also having a high degree
of concurrent use (if it is cold, all residences need heat at the
same time). The result is: rising short-term breakdowns due
to blackouts, higher customer dissatisfaction and emergency
reinforcements. A blackout has an even greater impact in that
housing with an electrical heat pump depends on electricity
for heat and hot water. And the chance of a blackout is greatest when it is cold (greatest load). Moreover, there is a chance
that, after a blackout, the grid cannot be restarted because
then all heat pumps require a full load at the same time.
In order to realise the objectives of the Dutch government in
2020, an increasing use of electricity from renewable sources,
mainly solar PV and wind energy, will have to occur. This
growth in the use of sustainably produced electricity requires
a modification to our electrical system; we move from production according to demand to demand according to production.

Then flexibility in the power grid is essential for the desired
sustainability of our energy system. Flexibility is determined
by the degree in which producers, large consumers but also
average consumers are able to react to the fluctuating supply
on the electricity market so that shortages and surpluses of
electricity can be balanced and any capacity shortages can be
prevented. Because the storage of electricity is only possible
at this time at the expense of a considerable loss of efficiency
and high cost, it is obviously better to use electricity as much
as possible at the time of production. Coal-fired power plants
can contribute little in this context because their (limited)
flexibility is at the expense of output. The situation outlined is
not a picture of the distant future. In Germany it can be seen
clearly in the weekend electricity rate. In recent years, Germany has focussed sharply on sustainable energy, as a result
of which about 20% of the electricity generated in Germany
comes from biomass, sun and wind. During the weekend the
sum demand for electricity is much lower because the industry
is largely silent, but the fossil power plants must continue to
provide a certain minimum of continuous power in addition to
the sustainably generated electricity. This causes overcapacity
and that lowers the prices. At that moment, the interconnector with the Netherlands is taken full advantage of to export
the overcapacity [32].
If electricity from sustainable sources, not all of which is
available on demand, continues to increase, the demand will
have to be geared to the supply. If consumers can adjust their
use of electricity over time (hourly or daily), the total system
will need less reserve capacity.
This is a huge change in comparison to the past, where
the system was configured so that the supply of electricity
followed the demand at each moment of the day. The storage
of heat by means of heat pumps and buffers offers a link
between sustainable electricity production and the demand
for heat, the largest category in the total energy consumption
in a building.

In other words, electricity is not used at random moments but
when it is available.

Heat pumps in domestic housing and demand management
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1.3 Potential and possibilities of smart heat
pumps
To get a clear picture of the potential of demand management
with heat pumps in housing, let us first look at the table below
showing what a smart grid can actually provide and what
aspects play in it.

What do smart grids offer?

And how?

Integral approach of:

By demand side management

• Heat pumps
• Sustainable power
• Electrical vehicles
• Local produced power
A more efficient and reliable grid can prevent a black-out and be recov-

By means of automatic grid reconfiguration

ered rapidly
Consumers can influence their demand and play a role in the power

Monitoring and management of the energy flow

manual

An electricity grid becomes ‘smart’ if components in that grid
are made smart, including generators, consumers and storage
facilities. These components are made smart by measuring
and/or managing them real time and allowing them to communicate with one another.
A heat pump generates sustainable heat with the help of electrical energy. Heat that can be simply and cheaply stored in a
buffer vessel ((boiler) tank), in the mass of the dwelling and
in the soil. In addition, much research is being done on phase
changing materials (PCMs) and thermochemical storage as
storage medium that can further increase the energy density
(more heat stored in less room).
Many heat pumps already have a thermal buffer (particularly
heat pumps installed in new housing) in the shape of a water
boiler vessel. All heat pumps have a control. This means
that heat pumps already have the potential to create a link
between electricity and heat and its storage, provided that the
systems have been designed and installed correctly. The heat
pump will, however, need to be given a smarter control so that
it, based on e.g. price signals from 1 day before or a ‘maximum
allotted power’, can determine itself when to start and when
not to. In addition, the control must take in account the
consumer’s behaviour, climate data and the thermal inertia of
the building.
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These controls are sparse at the moment, but designing such a
control is not a technical challenge for manufacturers.

This bandwidth is so large because the avoided grid costs
depend largely on the location and situation.

If these smart heat pumps can subsequently send information
to grid administrators, it becomes possible to acquire a picture
of the total virtual buffer to absorb so much more wind and
solar energy. In addition, it is possible to lower the total
average district demand to prevent grid reinforcement or the
chance of blackouts. That district demand can actually be
significantly reduced by smart management of heat pumps
has been demonstrated in the SmartProofS programme [31]. A
reduction of at least 50% of the required transformer capacity
and avoided grid costs between € 250,000 and € 1,450,000 in
a district of 1,400 buildings.

Although smart-grid pilot projects and many studies have
demonstrated the advantage of smart-driven heat pumps,
commercially available heat pumps are not currently able to
communicate via the grid. On the other hand, neither can the
grid communicate with heat pumps, which can result in a classical ‘chicken or egg’ situation. This position paper is intended
to inform all parties involves and to cause movement toward a
pro-active attitude in order to prevent this situation.

Bron: Liander
Heat pumps in domestic housing and demand management
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2. Integration of heat pumps into the
power grid
This chapter explores various possible solutions as to how heat pumps can be implemented in the power grid.
All of these solutions are different, can supplement each other and offer various possibilities.

2.1 Grid reinforcement
The first most obvious option to integrate heat pumps into
an electric grid is to reinforce the grid by a factor of 3 to 10.
Depending on the situation (the proximity and capacity of the
medium-voltage (MV) grid), this can bring with it high costs.3
The factor of 3 to 10 arises from the fact that an average building today has a simultaneous connection capacity of 1 kW. This
can be relatively low because consumers never have the same
electricity demand all at the same time, the capacity averages
over several buildings on the same transformer. But a heat
pump averages 2.5 kW electrically, may also have auxiliary
electric heating between 6 and 9 kW depending on the model,
and has a very high degree of concurrency. After all, if it is cold
outside, almost all buildings will require heat.
This means that, if the standard design regulations for a grid
design are applied, the results are a much heavier implemented grid because it is designed for a ‘worst case’ scenario.
And in this case this is a black start (starting the grid after a
blackout) or a cold morning. All heat pumps then start (along
with any electrical additions) to quickly heat the building to
the right temperature.
In particular, the high degree of concurrency and the fact that
one does not always know how the grid administrator implements electric post-heating leads to the question of whether
the grid should be designed for the worst case scenario,
because this results in a very heavy grid for a situation that
may happen once every 10 years.
Because of the need that arises for a technical staff to realise
this reinforcement, grid reinforcement is not immediately
desirable. There is already a shortage of qualified technical
staff and grid reinforcement will increase this problem.

2.2 ‘Chain thinking’ and
chain analysis largescale application of heat
pumps
This solution is in fact a precondition for the application of
heat pumps in housing on a large scale without any problems
and is also in line with the paragraph above. If the grid reinforcement is to be restricted, the grid administrator will have
to be involved in the chain. With a choice for large-scale use of
heat pumps, all parties involved - central government, municipality, grid administrator, project or area developer or housing
corporation, contractor, installer, and in some cases residents
- must collectively be aware of the risks for all parties and seek
the most appropriate solution. For example, an energy-neutral
district development often tends to go for ‘all electric’ and
omit the construction of a gas network. But it is possible that
the grid administrator must then reinforce the electricity grid
so heavily that these alternatives are suggested, of which the
additional costs must be carried by the community.
‘Large-scale application’ of heat pumps can be broken up into
three possible situations:

1.

The realisation of a completely new area or district.

2.

Large-scale renovation of an existing district or street by,
for example, a project developer, owners’ association or
housing corporation (project acceleration).

3.

A (local) subsidy or stimulation arrangement for heat
pumps. The effect can be large-scale, but the physical
application of heat pumps will take place in much more
fragmented manner in the stimulation area.

3		
The costs for grid reinforcement consist mainly of the
transformers, distribution stations, and , as necessary, an MV transmission grid. The costs for heavier cables in the low-voltage (LV) grid are
mainly determined by the excavation work [31].
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2.2.1 The integrated approach
With all heat pumps, regardless of the type, there is a situation
that is visualised in the figure below. This figure is also an indication of the direct relationship between the various separate
components in this chain and the grid load. It is clearly visible
that the degree in which the use of heat pumps is approached
integrally (in cohesion) has a strong influence on the behaviour
of the heat pump with regard to the grid. With this it is also
greatly influential in the possibilities for demand management
with heat pumps.

A integral approach of heat pumps
Variations in power demand due to higher
or lower COP
• Type of delivery system
• Usage of space heating or DHW
• Storage option and size
• Control settings
• Type of heat pump
• User behaviour
• Source type

NET

HEAT PUMP

Variations in power demand due to
more/less heat demand
• Housing type
• Building period
• Built quality
• User behaviour
• Type and usage of the controls
• DHW usage
• Climate

DELIVERY
SYSTEM

HOUSE

Figure 2
Integral approach of the application of the heat pump (Source: BDH,
DHPA).

Figures 2 makes clear which aspects play a role in realising
an adequately functioning heat pump system. The designer,
manufacturer/supplier, installer and ultimately the consumer
all play an important role in this. The aspects mentioned in the
overview above are employed to ensure that the heat pump
from the consumers’ perspective and from the grid administrator’s perspective function well and solidly energy-wise.
The shown aspects directly influence the behaviour of the heat
pump with regard to the grid. There is a direct relationship
between building physics, system quality and buffer possibilities, consumer behaviour and the final grid load by the heat
pump. The proper management and correct connection of
an electric backup with many ground source heat pumps is
important because this is often heavier by a factor of 3 or 4
than the heat pump itself with regard to the connected load. A
do’s and don’ts guide for heat pumps has been issued and can
be found on www.lente-akkoord.nl. There is also a guide for
decision makers on the DHPA site. And the information portal
www.warmetpompplein.nl contains very detailed information
on heat pumps.

2.2.2 The behaviour of the heat pump is important in the integral approach
The heat pump behaviour on the grid, or the electrical
power consumed, is a result of a complex interplay of heat
demand (managed by the outside temperature, the degree of
insulation of the building and the room thermostat setting),
water demand, supply and return temperature of the issuing
system, control behaviour, frequency inverter settings, boiler
temperature, consumer behaviour, etc. This makes it virtually
impossible to make general statements about the behaviour
of the heat pump in the grid. A way of acquiring insight in the
heat pump’s behaviour (and thereby, for example, acquiring an
indication of load management options) is to monitor the heat
pump (see section 2.3).
But in assessing the grid load or designing a new electricity
grid for a new district where heat pumps will be implemented,
it can be of strategic importance that it be possible to estimate
the behaviour of the heat pumps beforehand. And also to view
the potential for demand management. A grid developed with
demand management as its basic assumption can influence
the dimensioning of the thermal buffers, settings of the heat
pumps and possible prevent auxiliary electrical heating.
Www.bdho.nl/tools provides information on a scenario tool
that can calculate the effect that the rollout of heat pumps in
scenarios.
Liandon research 4 has shown that the behaviour of the heat
pump on the grid can differ greatly even in the same dwellings
with the same heat pump.
From this can be concluded that an integrated approach to
design and implementation, a good regulation that prevents
shuttling and proper sizing of the thermal buffer to prevent
auxiliary electrical heating is very important. The real-time
monitoring of heat pumps and thermal buffers therefore seem
to be a pre-requisite for implementing demand management
on the basis of custom-made profiles with heat pumps in
combination with thermal buffers.

4		
2010
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Influence of heat pumps on the low-voltage grid, Liandon
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2.2.3 Actively involve the consumer
The consumer will have to be actively involved in smart grid
solutions through information, education, communication and
stimuli in line with the market. This is a long-term process.
The electrification promotes the need for flexibility and
participation in the use of the system. To achieve this, stimuli
are needed to influence the behaviour of consumers. The price
mechanism is a stimulus in line with the market.
Active participation on a large scale by individual consumers/
owners of heat pumps is a critical success factor of the highest
rank for the successful rollout of load management/demand
response activities and programmes. It is not inconceivable
that parties in the current market of grid administration are
not adequately equipped at this time. For this new business
models would have to be included in a new organisation that
must be able to operate very flexibly and effectively. Smart
grids, of which demand management is a component, is only
successful is all ‘chain parties’ benefit.

2.3 A national facility
for online monitoring of
heat pumps
The electricity used by a heat pump is determined by a
combination of factors; see the aforementioned integrated
approach, in which monitoring is an instrument for charting
buffer capacity at district level and the associated switching
potential.
A nationwide online facility for heat monitoring operated
by a neutral independent party in cooperation with the grid
administrators could offer added value for all stakeholders
in this process. For many involved in the implementation of
heat pumps, such a facility would offer the instrument for
successfully managing, maintaining and following this technology in energy use (energy performance guarantee) and,
where necessary, offer remote technical support. Nation-wide
monitoring would be based on heat pumps that can deliver
data to a central database.
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A user interface is set up on the database per type of heat
pump, where the information can be displayed in various
ways. The cohesion of the set-up is indicated schematically in
the figure below.
EXTERNAL DATA

Acces on different levels or
autorisation
Users:
• house owners/tennants
• Installer companies
• Industry organisations
• Manufacturers

HEAT PUMPS IN THE NETHERLANDS
Figure 3 Online monitoring facility

Online monitoring in this way can have its advantages for all
those involved with the implementation of heat pumps:

1.

With this kind of facility, many functionalities are
available for a large group of people involved at various
authorisation levels:

2.

Monitoring electricity consumption offers the possibility
of building up general profiles, on the basis of which end
users can offer smart energy concepts.

3.

Following the performance of the installed heat pump.
The consumer knows beforehand that he is able to monitor the performance of the heat pump in real time.

4.

Acquiring insight in the effect of users’ behaviour and the
results thereof for the energy consumption.

5.

Planning preventative maintenance on the basis of actual
consumption rather than per time interval.

6.

Heat pumps with auxiliary electrical heating cannot
run on the auxiliary electrical heating unnoticed by the
consumer.

7.

Measured consumption offers valuable information that
can be used in “peak-shaving” and “load balancing” of
the electricity, and help grid administrators to give better
dimensions to the construction of new grids.

Heat pumps in domestic housing and demand management

2.4 A more flexible
power grid
2.4.1 Demand management
There are many ways to make a heat pump smart and to
manage it actively on the basis of input data. Below is a table
in which these various possibilities are listed and what they
mean in a smart network with regard to demand management.
From the perspective of the grid administrator, there are two
management options:

1.

Minimal: on/off with black start or cold day

2.

‘Smart’: bi-directional communication and input from
thermal buffering

The first option is meant solely to restrict the impact of worst
case. This allows the grid to be given less heavy dimensions.
It concerns a situation in which the grid administrator should
have control of the heat pumps in order to keep the grid going.
The second option offers the possibility of actually taking part
in the electricity market, where the control no longer lies in
the hands of the grid administrator but of the consumers
themselves. The grid administrator would then be responsible
for the communication that would facilitate a free energy
market.

Demand side management (DSM) issue

Dimensions of DSM levels

Heat pump power control

Inverter controlled compressor, power demand more gradual
On/of switched compressor, power demand is binair

Control strategy: in the building

Preheating algoritmes
Adaptive capacity thermal inertia of the building
Optimizing storage capacity

Control strategy: outside the building

Outside temperature
Interaction with weather forecasts and climate data

Control strategy: economically

Dynamic interaction with price signal
Interaction with pre-set pricing or CO2 emission targets

Communication

Bi-directional communication
1-way communication (on/of pricing based)

Reaction on communication

Dynamic (minute-based)
Pre-set scheme (hours/days)

Thermal storage

Heat storage in tank (hours - max. 1 day)
Latent heat storage in pcm (hours/days)
Thermal chemical storage (season)

Integration with 2nd energy source

Bi-valent system with switch option
Hybrid controlled by pricing or CO2 pre-set boundaries
Hybrid controlled by dynamic pricing or CO2 pre-set boundaries

Heat pumps in domestic housing and demand management
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2.4.2 The flexibility index and flex charts
Many of the renewable energy options consist of technologies
that are linked to the electricity grid, such as wind energy,
solar PV, e-mobility and heat pumps. This means that a flexible
electricity grid with a balance of supply and demand will be a
major theme.

The latest developments are that research is being done to
develop a so-called flex chart for heat pump systems in an
international research project by the International Energy
Agency (IEA) under the Heat Pump Program, Annex 42 ‘Heat
Pumps in smart grids’ (www.annex42.com). In this chart it
is possible to see in a glance how much flexibility a certain
system can offer.

Directly managing heat pumps in combination with a thermal
buffer can contribute to this, as is illustrated in this position
paper. In the future there will likely be more options and technologies that give flexibility to the electricity grid (for example,
washing machines that can be managed remotely during a
time period to be submitted by the consumer).

2.5 Hybrids: switching between gas and
electricity

But how can the effect of all these flexibility options be
mapped in such a way that the grid administrator can estimate
their value?
The development of a flexibility index (flexindex) for systems
(or housing provided with a specific system) would be an
option. This index would offer the option of a simple indication
of flexibility, to provide insight into the extent to which concept contributes to the flexibility of the network. For compiling
the flexibility index, the following are important:
• How much power is there to turn on or off?
• How long can it be turned on or off?
• Is it possible to vary in size, and with which steps and which
speed can it be scaled up?
• Within a 24-hour period, how often can it be managed and
on which days of the week?
• Does it also give demand reduction? How much?
• Is there a buffer option, and how large is it?

For air/water-hybrid heat pumps, the outside temperature
strongly influences efficiency. On the basis of the outside temperature, hybrid heat pumps can switch between electricity
and gas as energy carrier. At this time, a so-called bivalent
point of around or just under 0 degrees Celsius is usually
chosen. At this point the efficiencies of the hot water boiler
and the heat pump begin to be somewhat equal (heat pump
from a COP of 2.5). The developments in heat pump technology at this time are leading to a bivalent point that lies well
below 0 degrees Celsius. Some manufacturers have a scheme
based on the cost of each gigajoule delivered, using set energy
costs per m3 of gas and kWh of electricity.
Switching between two energy carriers offers the grid
administrator interesting possibilities for switching hybrid heat
pumps from electricity to gas in the event of extreme peak
moments on the grid, regardless of the bivalent point. This
possibility is very important for the grid design, since the worst
case scenario, which would otherwise lead to a major grid
reinforcement, is omitted. Liandon research has also shown
that the investment in a gas grid when setting up a new district
will outweigh the cost of a 100%-electric network [12].

With regard to ‘flexibility’ in the power grid there is potentially
a whole new field for business propositions and business
models which can be completed by the grid administrators,
but also by other parties. If flexibility overloading of existing
power grids and the construction of new highly weighted grids
can prevent and also process more renewable energy supply,
flexibility is worth the money, of which the value can be only
be estimated properly if one has a flexibility index for that.
In this context, the described flexibility index offers the option
of simple communication; for example, the higher we set the
index, the greater the benefit for the consumer if he actively
participates in smart grids.

14

Heat pumps in domestic housing and demand management

2.6 Combination of other
technologies

The IEA expects that, in the European Union, 50% of our electricity used in 2050 will come from renewable sources, especially solar PV and wind. If we translate these expectations to
the Dutch situation, it is realistic to expect that, in addition to
offshore wind, solar PV in the built environment will undergo
a stormy growth among all housing types, all construction
periods and regardless of form of ownership.

2.6.1 Micro-CHP
A micro combined heat and power (CHP) is a device that can
generate both heat and power (1 part electricity to 7 parts
heat) and was developed for housing. Because the emphasis
in the ratio is on heat, the device is also managed by the heat
demand. Based on the relatively low purchase price, the micro
CHP is expected to remain restricted to implementation in
specific applications within the grids.

The Energy Research Centre of the Netherlands (ECN) also
expects significant growth in the supply of sustainably produced electricity.
Table 1 shows that there is a significant bandwidth between
the various scenarios. The low scenario for solar PV could,
because of the rapid developments in this market, prove to
be a far too conservative assumption, given that 1 GW solar
PVs installed globally corresponds to approximately 3.8 million
panels. This is because housing corporations are expected in
the short term to install solar PV on their property on a large
scale. For example, on the roofs of stacked dwellings, but also
on individual buildings, in order to realize a part of their agreements with the government with respect to renewable energy

But micro-CHPs and heat pumps are a good combination on
a district level because of their concurrency (both managed
by heat demand). A micro-CHP produces electricity, which
can immediately be used locally because of the concurrency
with heat pumps. With this a combination of micro-CHPs and
heat pumps in a district in itself an excellent tool for the grid
administrator to supplement grid capacity with decentralized
generation rather than grid reinforcement.

and CO2 emissions from the Social and Economic Council of the
Netherlands (SER) energy agreement. And to also provide their
residents with green electricity, for which price formation is no
longer dependent on the (fossil) energy market/suppliers.

2.6.2 Solar PV
The implementation of solar PV in privately owned property is
developing rapidly at this moment. This is particularly due to
the achievement of ‘grid parity’5. Depending on the available
buffer option(s), solar PV in combination with a heat pump(s)
can play a role in smart grids, in individual buildings, as well at
the district level. It is expected that solar PV can supplement
about 35% of the annual electric consumption of the heat
pump. This is a combination of the local production and
consumption.

2020

2030

Installed
Low

Year production

Installes

High

Low

High

Low

High

Low

Year production
High

GW

GW

TWH

TWH

GW

GW

TWH

TWH

Solar PV

1,5

3,0

1,3

2,6

5,5

15,0

4,6

12,8

Wind power on shore

4,0

6,0

7,6

15,1

4,0

7,0

8,2

17,6

Wind power offshore

1,5

4,0

5,9

13,0

2,5

10,0

9,4

32,4

Tabel 1
Bandwith in developments in solar PV and wind power (Source: ECN)

5		
‘Grid parity’ means that the cost per kWh for electricity
from solar PV is now on the level of conventionally produced electricity. This holds only for deliveries that fall under the netting scheme.
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Solar PV on the roof of a large housing complex, where either
a single large heat pump or smaller individual heat pumps per
unit are used, give the grid great flexibility when combined
with thermal buffering. Using decentralized generation of
electricity, this can be employed to generate heat energy
efficiently.

This heat can then either be used immediately for space heating or hot water or be stored in a thermal buffer. On a winter
day the electric energy generated during the day (during
daylight hours when there is less heat demand) can be stored
in thermal energy to be used in the evening (when it is dark
and there is a higher heat demand).

Bron: Liander
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3. Recommendations for actions

Everyone has their own role and responsibilities
in the implementation of heat pumps in the
electricity grid. Below are calls to action for the
various parties that can contribute to this.

3.2 Housing corporations:
•

3.1 Network administrators:
•

Facilitate registration of heat pumps by setting up a
database of heat pumps available for load management
testing projects and demonstration projects. Do a
detailed study of the housing based on characteristics
such as housing type, construction period and residential
profile that have an above-average potential for energy
savings and sustainability with heat pumps (‘Sweet Spot’
determination).

•

Do a detailed study of which NON-financial motives of
housing owners and residents can play a role in the push
to invest in heat pumps.

•

Develop instruments for demonstrating ‘load management’ and ‘peak shaving’ virtually with the aid of heat
pumps and develop standard concepts on the basis of the
knowledge thus acquired.

•

•

Within 5 years, develop standardised thermal storage
systems, for retrofitting in existing heat pump systems as
well.

3.3 Governments:
•

 reate legal opportunities for the adaptation of tax
C
reduction in the energy tax as a financial management
instrument in load management concepts.

•

 eview the existing legal framework to make possible
R
various fiscal and regulatory technical instruments that
contribute to the rollout and exploitation of load management instruments.

3.4 Manufacturers:
•

Explore the synergy effects of system concepts based on
the combination of solar PV with heat pumps in combination with instruments already detailed as useful for load
management.

•

Develop concepts for the use of smart grid-supporting
heat pump systems, regardless of the thermal storage
capacity of the building.

•

Develop regulatory concepts (electricity to gas and vice
versa) for hybrid heat pumps.

•

Expand the regulation of heat pumps with “smart regulatory functions” and monitoring options.

•

Develop standardised thermal storage systems, for retrofitting in existing heat pump systems as well.

Be proactive in the role of the integrator.

A nationwide online facility for heat monitoring operated
by a neutral independent party in cooperation with the grid
administrators could offer added value for all stakeholders in
this process. For many involved in the implementation of heat
pumps, such a facility would offer the instrument for successfully managing, maintaining and following this technology
in energy use (energy performance guarantee) and, where
necessary, offer remote technical support.

Heat pumps in domestic housing and demand management

Do a detailed study of the housing based on characteristics such as housing type, construction period and
residents profile that have an above-average potential
for energy savings and sustainability with heat pumps in
combination with load management concepts.
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3.5 Installation companies/installation consultancies

•
Participate actively in test configurations, test districts,
demonstration project for smart grid concepts jointly with
residents/owners and grid administrators to go through a
learning process and to gain experience. Translate these
experiences into new forms of design and engineering.

Bron: Liander
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3.6 Knowledge institutes
and research institutes:
What precisely is the regulatory signal for switching on and
off of heat pumps? And who or what gives this signal? Who
manages or oversees the total buffer capacity and breaking
capacity? What is a good ‘charging strategy’ for the thermal
buffers?

Out of the Dutch grid administrators, Liander is participating
in this study in the Dutch national team, which also includes
RVO (Netherlands Enterprise Agency), TNO Innovation
(Netherlands Organisation for Applied Scientific Research) and
Berenschot Energy & Sustainability. One of the priorities will
be finding the ideal integral heat pump solution on the basis
of typical examples for each country and showing its demand
management options by simulating it. One of the tools used
for this is the flex chart.

There is a huge research field open, of which the answers to
all of these questions form the contours of demand management. And the response to many of the questions depends
heavily on the perspective. A scheme drive by the cost of
electricity allowing decentralized decisions about ‘charging’
or ‘discharging’ from the thermal buffer using the heat pump
gives the user the maximum benefit but restricts the grid
administrator’s additional regulatory capacities.
If these systems also work with predictive models, this can
lead to very undesirable situations for the grid load6. On the
other hand, a centrally managed system will offer the grid
administrator the necessary potential on the condition that
the consumer is offered a clear advantage in return for his/her
flexibility in electrical consumption.
Whichever regulatory system is chosen, constant monitoring
of the buffer and the breaking and start-up capacity is crucial.
How much power can be switched off and for how long?
The switch capacity is determined by the electrical power
of the heat pumps. How much energy can be loaded into or
discharged from the thermal buffers depends on the amount
of energy in the thermal buffer, but also of course on the heat
demand. The heat demand with regard to space heating can
be predicted to a certain extent by the weather forecast and
has a high concurrency. Hot water demand is difficult to predict, but also has a lower concurrency, apparent from design
regulations for heat grids [12].
In the framework of the adjacent outlined research field, the
IEA, under the Heat Pump Programme, has launched a study
with the name Annex 42: ‘Heat pumps in Smart grids’. This
is a large international study with institutes the world over
working collectively on the above-mentioned issues.

6 Think of the so-called ‘flash crash’ familiar from the stock exchange; because there are so many intelligent computerized bidding
systems on one network, the system behaviour becomes unpredictable and sometimes leads to an extreme decline in the stock market
in an extremely short time. This is solved by temporarily shutting
down the stock market completely, which is, of course, impossible in a
power grid.
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Annex 1:
Heat pumps in housing
To put the possibilities of load management in the

Housing supply:
The current housing supply in the Netherlands can be divided
into four main types of housing:
1. Detached housing

right perspective, a coherent overview of relevant

2. Semi-detached and corner housing

indicators of housing is needed. The housing

3. Terraced housing

supply consists of a few main types with therein
a very different quality of building and a different
way of living. The heat demand connected with
this can therefore vary strongly. All these varieties
also lead to different heat pump applications and

4. Flats (stacked housing)
On the assumption of 500,000 installed heat pumps in 2020,
an expectation has been calculated on the basis of residential
type and heat pump type for installed heat pumps, new
housing and existing housing.

different possibilities for load management.
detached

Basic assumptions7:
The basic assumptions as used for this position paper are as
follows:
•	Viewed demographically, the Netherlands is developing
from a country with 16.8 million inhabitants in 2013 to
17.2 million in 2020 and 17.7 million in 2030.
•	In the next 20 years the Netherlands will age considerably.
•	The number of individual households8 will rise from 7.27
million in 2013, to 8.0 in 2020 and 8.4 in 2030, whereby
this paper is assuming that almost every household will
have its own individual heating and hot water supply.
•	The energy demand in new housing will drop even further until 2020, after which there will be energy neutral
or passive housing.

semi detached

Ground source
Air/Water
Hybrid

mid-terraced

multi-family

0

50

100

150

200
x 1000 PCS

Figure 4 Number of heat pumps in housing in 2020, divided according
to segments in construction and type of heat pump (Source: DHPA,
BDH)

Most corner houses are comparable energy-wise to half of a
semi-detached building; they are treated as such in all figures
and tables in this publication.
The flats consist of four subcategories: maisonettes, gallery
flats, flats with an entrance hall and flats. These subcategories
have various architectural, energy and user characteristics.

•	New housing in the period up until 2020, expected to
be 40,000-45,000/year, will on average be divided 30:70
among the rental sector/private sector. In the period of
2020-2030, there will likely be a stronger growth in new
residences for the rental sector, partially due to the aging
of the population.
•	The heat pump market is developing according to the
scenario of a maximum of 500,000 heat pumps in 2020
and a maximum of 1.8 million installed in 2030.

7 Demographic numbers in accordance with CBS and PBL (2011
8 Whereby it is assumed that each building according to CBS represents one household.
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Development of the
housing supply up to
and including 2030

For this document we assume an average profile of all flats.
The categories of detached housing and semi-detached housing (and corner residences) show the most growth relatively
between 1964 and 2010, with a factor of four and seven,
respectively. The increase in prosperity of the last fifty years
has translated clearly in the say people live in the Netherlands
and in which kind of housing.

Because of the economic developments in the past 5 years,
the volume of new housing has been reduced drastically.
Whereas the number of new housing in 2009 was about
80,000, from 2009 to 2013, this number dropped drastically.
The expectation is that, in the period between 2013 and 2020,
a maximum of an average of 40,000 to 50,000 housing will be
produced per year.

Below is an overview of the most relevant characteristics of
the housing supply in the Netherlands, based on a total supply
of 7.27 million buildings in 2013.

Housing
type

detached
semi-

Qty of
houses

Heating
Power Natural gas
consump- consump- demand
tion m3 for space
tion kWh/
heating
annually
annually
in GJ

1.018.251

4.357

2.820

61

861.520

3.736

1.942

39

3.037.564

3.432

1.625

31

2.322.665

2.372

991
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detached
midterraced
multifamily

Detached

Semi-detached

Mid-terrace

Multi-family

% of the building stock

15

23

30

32

Ownership/rented in %

100

88/12

66/33

40/60

4.130

3.670

3.240

2.500

4.840

3.950

3.520

2.890

1.850

1.380

1.050

600

65

49

37
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Power consumption in kWh:
Housing before 1946 average
up to
Housing after 2010 average
Natural gas consumption in m3:
Housing before 1946 average in GJ/year
up to
Housing after 2010 average in GJ/year
Energy consumption for:
Domestic hot water

Varying from 430 m3/year for detached house up to 371 m3 for multi-family
35 m3/year

Cooking
Energy label indication:
Housing before 1964
Table 2 Overview of indicators of housing supply (AgNL, BDH)
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F&G label

Mostly F label

F&G label

E&F label

After deducting the average demolition of 8,000 to 12,000
housing per year, a net increase of about 28,000 to 42,000
housing annually remains. Assuming an average of a 35,000
net increase in the number of buildings, this comes out to an
increase of 245,000 buildings between 2013 and 2020.
From 2020 to 2030, it is expected that at least 420,000
buildings (after deduction of demolition) will be added to the
supply.
Heat pumps in domestic housing and demand management

Given the energy requirements for new housing (EPC 0.6 since
2011 and an expected 0.4 in 2015), it is expected that 65-75%
of the new housing after 2020 will be provided with a heat
pump for space heating and hot water, whether or not in a
hybrid form. In addition, the space heating demand will be
reduced strongly by an increasingly better insulated building
shell.

Image 1 Electric power per device (Watts)

Household electricity
consumption
Externally based and need-based energy consumption in housing
To gain insight into what the total energy consumption in a
building is, this consumption can be divided into externally
based (externally based energy consumption cannot really be
influenced, because if it is cold outside the heating must go on,
if it is dark the light must be on) and need-based. Externally
based energy consumption is all consumption related to
heating, cooling, ventilation and hot water preparation within a
building. All other electricity consumption within the building is
characterised as need-based.
It is important to acquire insight in the electricity consumption
of the heat pump and the remaining need-based electricity
consumption in the housing. For a building it holds that, by
implementing an electric heat pump, the externally based
electricity post will be considerably higher because electricity is
the only energy carrier that is implemented in the building. In
the event of a hybrid heat pump, the electricity consumption
increases while the gas consumption decreases.
It is expected9 that the externally based electricity consumption
(in the building with a central-heating boiler) will stabilise in
the coming years due to the rapidly growing penetration of
LED lighting in housing and to central-heating boilers with a
reduced electricity consumption. The need-based consumption
is expected to be influenced by the Ecodesign regulation with
regard to household equipment becoming more efficient, but
will be compensated by population growth, increasing prosperity and the increasing number of people working at home.
9		
On the basis of the results of Liander’s Study of Household
Energy Consumption
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Above an electrical profile is given of detached housing10 on
the shortest day (21 December) and the longest day (21 June)
of the year 2013. From it we can clearly see that there is a
pattern of rising demand in the morning, with a small peak
and a high peak in the evening. In addition, we can see that
the pattern between the shortest and the longest day is the
same, but differs in the height of the peaks. The causes are
mainly externally driven; on the shortest day it is colder (more
working hours for the heating pump) and less light (more
lights on). In addition, we can see that there is a certain base
load during the night that hardly differs between the longest
and shortest day; this is externally based power consumption
caused by equipment that is always on (cooling, ventilation)
and need-based devices such as routers.

Where do we encounter
which heat pumps, and
when?
The heat pump business for the period of 2013-2020 has
attempted to estimate where heat pumps will mainly be
applied11. The assumption here is that, in the buildings with
the highest gas consumption, detached semi-detached/corner
housing, the penetration of heat pumps will be increase the
most since this is where the greatest savings are possible, both
energetic and economical.

10		
This profile is generated using the EDSN fraction load
profiles and analysis of the power consumption data from the Liander
database.
11		
For more information, please see: Position paper Heat
pumps and economy, 2010 by the DHPA
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A growth is expected in heat pumps, up to 500,000 installed
heat pumps in 2020, with a continuing growth of up to 1.5-1.8
million heat pumps in 2030. However, energy poverty and
the agreements made by the social housing sector with the
government about reducing energy use means that housing
associations will likely intervene substantially in their housing
stock. It will also mean sustainability in the rental sector.
This will take place mostly in terraced houses and flats, the
dominant type of housing in the social rental sector. It is not
possible at the moment, however, to say whether this also
means that this will lead to an increase in the use of heat
pumps in this sector.

Which housing types with which construction
period

x 1.000 pcs

200

150
Existing buildings
New building
Installed base

100

50

0

Detached

Semi-detached

Mid-terraced

Mult-family

Figure 7 Heat pumps according to application by housing type

For the period 2013-2020, it has been made clear which type
of housing is expected to used heat pumps. Figure 6 (housing
with heat pumps) shows that about 40% of the implemented
heat pumps are expected to be placed in detached housing.
The detached housing contains the larger capacity electric and
hybrid heat pumps and flats, for example, usually have hybrid
(ventilation) heat pumps.

Figure 5 Heat pumps installed per year in 2013 - 2020 by type
(Source: DHPA, BDH)

Figure 5 gives an overview of which heat pump types are
expected likely to be used in the period 2013-2020, regardless
of the housing type or construction period. Ground source
heat pumps continue to be reserved mostly for new housing
application. During this period, hybrid heat pumps will
experience the greatest growth. During the period 2020-2030,
it is expected that the relationship hybrid/entirely electric will
continue to grow to a 50:50 relationship in application.

Figure 6 Housing with a heat pump in the period 2013-2020 (Source:
DHPA, BDH)
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Heat pumps & storage options; systems

Figure 8 Visualisation of buffer options on the basis of housing type

Figure 8 shows the buffer option per housing type from the perspective of the placement possibility, or, where can we put which type of
buffer?

Figure 9 Heat pump types, housing type and construction period: Switch effect (Source: BDH)

Figure 9 shows indicatively what the switch effects are based on heat pump type and housing type/construction period. This gives an
indication of what the attainable switch effects are in the combinations in the matrix.

Figure 10 Time to switch off (Source: BDH)

Figure 10 shows indicatively the possible time frame for switching of for heat pumps. It is assumed that the older the building is, a shorter
switch off time is available due to the higher transmission.
Heat pumps in domestic housing and demand management

25

Annex 2:
Heat pumps and thermal
buffers

The smaller the temperature difference between source and
delivery system (the so-called ‘temperature lift’ of the heat
pump), the higher the yield, Coefficient Of Performance (COP),
of the heat pump. Hence, heat pumps should preferably be
used with systems for low temperature heating (LTH), and
we should look for a heat source with the highest possible
temperature12.

Principle of operation of a heat pump: Although
the knowledge of the heat pump technique is
supported more and more broadly, here is a short
explanation of the working principle of the heat
pump and the (broad) frameworks within which
the technique can be applied very successfully.
The integrated approach of the application is
essential for proper functioning of the network,
comfort technically, energetically, economically
but also technically.

Figure 11 Schematic diagram of a heat pump (Source: BDH)

A heat pump is a device in which a refrigerant is circulated that
undergoes phase transitions; from liquid to gas (evaporation)
and from gaseous to liquid (condensation). The structure of
this circuit can also be found in every refrigerator, freezer
or cold storage, although the technical implementation is
completely different.
Figure 11 shows a circuit in which a refrigerant circulates
(clockwise). On the left is the evaporator, which is a heat
exchanger in which the refrigerant evaporates with the
absorption of heat from the heat source. The evaporated refrigerant passes through the compressor, increases in pressure
and temperature, and goes to the condenser.
This is a heat exchanger in which the refrigerant condenses
to release heat to the ‘heating medium’ (for example, water
circulating in the underfloor heating). The heat absorbed
by the evaporator is released in the condenser at elevated
temperature together with the compressor heat. In this way
the heat pump shifts the evaporated heat.
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12		
For more detailed information on heat pumps: www.warmtepompplein.nl
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Heat pump types for
housing
There are various types of heat pumps available
for housing. These types all have their own typical
characteristics.

1. Water/water or ground source electric heat pump:

Heat pumps provided with an open or closed source in the
ground. To be used in low temperature delivery systems.
This type offers the highest energy efficiency because the
source temperature is stable, but also because these systems
are usually used in new housing and the integral integration
is better. These systems have an auxiliary electric heating
element that is used when the heat pump malfunctions or to
meet the peak demand.
This type of heat pump has an average SP713 of 3.5-5.0.
2.

Air/air electric heat pump:

This type of heat pump has an external and an internal section
that is placed directly in the space to be heated. This air
heater can only be implemented for space heating and not
for hot water preparation. These units were often sold as air
conditioners with a heating function because the cycle can
be reversed. This type of heat pump has an average SP7 of
3.0-3.5.
3.

Air/water electric heat pump:

Heat pumps with external air as source, which have been
developed considerably in the last years to work even more
efficiently energy-wise with increasingly lower external temperatures. This allows them to be applied more widely. These
systems may optionally have an electric auxiliary element. This
type of heat pump, in combination with a low temperature
system, has an average SP7 of 3.0-4.5.

4. Air/water heat pump in hybrid concept (electricity and
gas):

These concepts combine a gas-fired central-heating boiler with
a heat pump. The central-heating boiler usually continues to
fill the peak load and water demand, the heat pump fills about
85% of the annual demand for space heating (ß factor is 0.85).
The most characteristic of these concepts is that they have
not auxiliary electric heating. The following subtypes can be
distinguished:
a.

Integrated hybrid model:

	A combination of central-heating boiler for the peak load
and hot water and a heat pump for space heating in one
casing.
b.

Auxiliary hybrid heat pump:

	A heat pump that is placed near or next to an (existing)
central-heating boiler to improve the total system efficiency.
c.

Exhaust air heat pump:

	A heat pump with internal air ventilation as source that
can be placed with an (existing) central-heating boiler.
Here, as well, the boiler fills the peak load and the bulk of
the water demand, but the heat pump can both provide
energy for hot water (also called heat-pump water heater)
and space heating. It has a small thermal capacity, but
because of the large number of operating hours per year
(housing is continuously ventilated) they can still achieve
a relatively high energy yield. In addition, a restricted
installation area is needed compared to other systems.

This type of heat pump has an average SP714 of 3.0-4.0 and,
finally, this type of heat pump is relatively compact.

13		
SPF stands for Seasonal Performance Factor, a number for
the performance of the heat pump averaged over a full year.
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14		
SPF stands for Seasonal Performance Factor, a number for
the performance of the heat pump averaged over a full year.
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Provision of hot water
with heat pumps

Electrical models

Because heat pumps for housing have developed as a replacement for the central-heating boiler, heat pumps must supply
both hot water and heat for space heating, the most important
components of which are:

	The speed and thereby the capacity of inverter-driven
heat pumps can be regulated by means of a frequency
regulator, with a corresponding electricity consumption.
These heat pumps often have as standard a so-called
soft-start, which prevents a peak load on the grid when
the heat pump starts. Most ground source heat pumps
are still on/off heat pumps, most air/water and hybrids
are already provided with inverter driven compressors.

1.

Boiler:

	Here tap water is heated in a boiler tank by heat transfer
from the heat pump.
	The boiler tank can, depending on the model, also release
energy for space heating. This boiler is necessary to be
able to fill the characteristic peak demand for hot water,
because the heat pump cannot keep up. Moreover, the
heat pump has a lower SPF when preparing hot water
because higher temperatures must be achieved.
2.

Central-heating boiler (with hybrid model):

	With a hybrid heat pump the boiler section provides the
hot water supply, where one can choose a boiler solution
or an instantaneous hot water supply. It depends on the
comfort requirements of the consumer.
3.

Electric auxiliary heating:

	An electric heating element ensures extra heating with
all non-hybrid heat pumps to supply sufficient capacity at
peak demand and, with a legionella cycle, a temperature
of at least 60 degrees Celsius. To restrict the activation
of the electrical element due to the electricity usage and
the high connection value as much as possible, this is
generally used in combination with a boiler tank.
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1.

2.

Inverter:

1-phase versus 3-phase connections:

	Heat pumps with an electric capacity of about 3 kW can
suffice with a single-phase connection. Larger heat pumps
and heat pumps provided with electric post-heating
require a 3-phase connection in order to be able to supply
enough power.
3.

Auxiliary electric heating element:

	Auxiliary electric heat is implemented in heat pumps to
fill the peak demand for space heating and hot water
preparation. If the heat pump would have to supply each
power demand at the last moment, the capacity of the
heat pump would become large and its installation too
expensive. In addition, the heat pump would then only
run on part-load for the most part of the year, which
affects the SPF. The optimally sized heat pump for space
heating is therefore relatively small in terms of capacity
for the production of hot water. To compensate for
this disadvantage, a buffer tank is added first and then
auxiliary electric heating. Also, for non-hybrid heat pumps
the electric element is used as heating in case of failure
of the heat pump. The auxiliary electric heating element
raises the connection value of the heat-pump system
considerably, by a factor of two to three.
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Opportunities for the
buffering of heat
The storage of energy in manageable solutions, ones that
can store and release energy quickly, form a challenge in the
further growth in the usage of energy from renewable sources.
The ‘decoupling’ of production and usage of renewable energy
is an essential step in the transformation of producing and
using energy. Heat pumps in combination with thermal buffers
can contribute to this because they can convert electric energy
into heat sustainably.
The storage of energy not only reduces the imbalance between supply and demand (in terms of volume) but improves
the quality and the reliability of the network and also offers
great potential for energy savings. Thermal storage using
heat pumps provides opportunities for peak shaving and load
management and can help conventional electricity that must
intercept the deficits sustainably to produce more efficiently.
For thermal storage the so-called phase-changing materials
have great potential, but for widespread adoption these need
to be further developed into usable materials in series.

Tangible heat storage
This thermal energy is stored by increasing the temperature
of a liquid or a solid, for example, the water in a boiler, or the
concrete structure of a building. This method uses the heat
storage capacity of the material to ‘load’ (increasing temperature) and ‘discharge’ (lower temperature) heat. The speed of
loading and discharging depends on the interchange surface
and the thermal conduction capacity.
1.	Buffering by means of water boilers in the building (300
litres at 30-50 degrees gives 25 MJ, and a load/discharge
rate of about 2 hours).
2. 	Buffering in (local) heating grids (3000 litres at 20-30
degrees gives 126MJ, and a load/discharge rate of about
12 hours).
3.	Buffering in the thermal shell of the building (150 m2
floor at 25-30 degrees gives 165 MJ and a charge/
discharge rate of about 5 hours).

Latent heat storage
With latent heat storage, thermal energy is stored or withdrawn when a storage material undergoes a phase change
from fluid to solid, from fluid to gas or vice versa. Organic
‘phase changing materials’ (PCMs) are paraffins and fatty acids
and inorganic PCMS such as silica gel. Although the technical
potential is fixed for a number of resources15, much development is required to achieve commercially available reliable
products. In large climate control systems of large buildings,
these applications already exist. PCMs provide the ability to
store the thermal equivalent of a 300-litre boiler in a fraction
of the volume; the thermal storage capacity in PCMs is 3 to 5
times greater per volume unit compared to water.
Loading and discharging barely causes the temperature of the
PCMs to rise, whereby the loading heat pump retains a high
COP16. This small volume also makes these PCMs suitable for
retrofitting in existing heat pump systems and where there is
little space for a thermal buffer. These PCMs experience heat
loss in their use, which is related to the degree and quality of
insulation and the height of the storage temperature.

Thermochemical heat
storage
Thermochemical storage is based on the absorbed and
released energy that is released or absorbed at the inception
and termination of (reversible) chemical compounds.
The capacity of the buffer is determined by the amount of
storage material, the endothermic heat of the reaction and the
degree of conversion. For example, calcium chloride, where
energy can be stored through hydration and dehydration
under pressure. These materials are suitable for long-term
storage and loading and discharging at higher temperatures (>
80 °C).
Energy is needed to release the stored energy. This type of
storage experiences no heat loss and makes it suitable for
seasonal storage (storing the summer heat and using it in
the winter). At this time there are no commercially available
applications for housing.

15		
Sharma et al., “Review on thermal storage with phase
changing materials and applications,” ScienceDirect, 2007.
16		
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COP: Coefficient Of Performance.
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Heat pumps and buffer
combinations

Figure 12 Visualisation of the buffer options per heat pump type
(Source: BDH)

Figure 12 shows which combinations are provided with buffer
options per heat pump type, and how often these are expected to occur. It is clear that a boiler tank especially is often used
in heat pump systems. As described in section 2.4 and 2.5, the
boiler tank is usually used as a buffer to compensate for the
relatively small capacity of the heat pump.

•	The hot water pattern behaves more erratically than the
heat demand (which is conducive to predictions based
on the weather forecasts), so a certain minimum level of
thermal buffer is always needed as it is also used for hot
water.

At this time there is no focus on using heat pumps in combination with thermal buffers as a load management tool. This
means that dimensioning of the buffers and a smart charging
and discharging strategy often are not provided.
For drawing up a charging and discharging strategy, the following positions are important:
•	The buffer must be charged if heat demand or hot water
demand is expected.
•	The buffer must discharge when there is heat demand or
hot water demand at moments of a high power demand
or low supply on the grid.
•	The buffer must load at low power demand or high supply
on the grid and expected heat demand or hot water
demand.
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Annex 3:
Changes in the electricity consumption in housing
Developments of the current electricity
consumption
New technologies: E-mobility
In Dutch households heat generation and mobility account for
the largest share of energy consumption. These are currently
being filled almost exclusively by fossil fuels.

The growth in e-mobility will depend heavily on the developments in battery technology (both in terms of range, and
in terms of cost), availability of public charging locations,
government policy in relation to emission reduction and the
tax facilitation of electric cars. Plug-in hybrids (completely
electric up to a max. of 40-60 kilometres) are expected, due to
their range that is greater than a fully electric car, to take over
the bulk of e-mobility in period up to 2020. Given the expected
developments in battery capacity, in the period 2020-2030, the
100% electric car will be able to prevail.
The charging time and range are two variables in electric
vehicles that are strongly linked. What is important here is the
development of charging scenarios. Will this become charging
everywhere, or parking and charging, charging at home or
mobile quick charging? The latter is done much as the current
fuel tanks at the pump station and does not occur at home.
In the standard charging strategy for e-mobility, charging of
the electric vehicle occurs at home in roughly the same time
periods, viewed over 24 hours, like heat pumps, from 18:00
to 08:00 hours. But during this period at night, the heat pump
has to provide less heating energy. It is important to achieve
alignment within the available network capacity within this
period at district/house level. With this, the heat pump has
a seasonal-dependent usage pattern, while e-mobility has a
usage strongly bound to working days and weekdays.

Movares17 calculated 3 scenarios for electric automobiles for
Liander, which are shown in figure 13.

As stated above, the combination of solar PV with a heat
pump with buffering can offer room for charging e-mobility at
home, because the buffer of the heat pump is already (partly)
charged by means of, for example, solar power, and the heat
pump can be switched off.
It should be noted that, so far, e-mobility is often approached
from the ‘Grid2Vehicle’. However, by approaching the combination of heat pumps and e-mobility from ‘Vehicle2Grid’,
completely new load management possibilities arise, since the
content of the battery of an electric car can easily supply a few
hours of electricity for the electric heat pump. It is expected
that in 2020 about 10% of the electric cars will be capable of
controlled charging and discharging.

Figure 13 Number of electric cars in the Netherlands, 2012-2050

Viewed internationally, the various scenarios are quite varied;
figure 13 shows a number of possible developments for the
Netherlands.

17		
‘Laadstrategie Elektrisch Wegvervoer’ (Charging Strategy
for Electric Road Transport), Movares for Liander, 2013.
Heat pumps in domestic housing and demand management

31

Positioning paper

Heat pumps in domestic housing
and demand management

B

D

H

Building
Development
bv
Building
your Holland
strategy

www.dhpa-online.nl

Building your business

www.bdho.nl

