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SUMMARY

This report will describe the results of Task 3 “scenario analysis” of the EU SAVE II study on
central heating circulators.

By employing a stock model an estimate of energy consumption by domestic circulation
pumps in the EU can be made. Using the available data, it is estimated that consumption by all
these types of pumps is in total around 40 TWh per annum. This is expected to increase into
the future as levels of ownership of these products increase (due to more households and more
wet central heating systems).

By introducing more efficient pumps it is possible to reduce electricity consumption
considerably (as shown by the ETP scenario). At the theoretical ETP level, circulation pumps
are slightly more expensive for manufacturers to produce, which is paid for by consumer to
buy, who recoup the additional expense through reduced electricity running costs.  From an
environmental viewpoint, this reduction in electricity would mean carbon emissions are also
reduced. Using a conservative electricity-carbon emission factor assumption, reduced carbon
emissions, that are cost-effective to the final consumer, would be in excess of 12 MtCO2 by
2020.
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EU electricity consumption by circulation pumps, RC, ETP, and policy scenario

If sufficient policy measures were taken (labelling, financial incentives, installer training,
minimum energy efficiency standards), the reduction in carbon emissions by stand-alone
circulation pumps (Scenario 1) would be in excess of 5 MtCO2 by 2020.
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EU summary of RC, ETP scenario and potential savings (RC-ETP), 2000 and 2020
Electricity

(TWh)
Electricity Costs

(MEuro)
CO2 emissions

 (MtCO2)
RC, 2000 37.6             3,756                  15.1
RC, 2020 45.6             4,558                  18.4

ETP, 2020 13.9             1,394                    5.6
Scenario 1, 2020 31.7             3,173                  12.8

RC-Sc1, 2020 13.9             1,385                    5.6

The two major policy tools that can be employed by the Commission are labelling and
minimum efficiency performance standards. These can be, and preferably should be, used in
combination with other Member State measures.

Labels
The standard A-G energy label should be applied to pumps not being sold through boiler
manufacturers. This label should include additional information for the installer, so as to
prevent over-dimensioning and advise on correct installation. Where the circulation pump is a
replacement in a boiler it would be appropriate for (updated) approved lists to be referred to.

Boilers should contain labels, and there are current SAVE studies considering this. The
present study would recommend that the electricity consumption of the pump be included in
the label of the pumps, whether as a separate piece of information or combined with other
energy uses of the boiler to give a single efficiency label for the boiler (on a primary energy
basis). Again supporting information would need to be attached to the boiler label to aid
proper installation.

Minimum energy efficiency performance standards
It is recommended that energy efficiency standards for stand-alone circulation pumps be
introduced following labelling, whether mandatory for all circulation pumps, or voluntary
through the appropriate industry association. This could be based on eliminating the lower
levels of the A-G scale. For circulation pumps intended for boilers any new efficiency
standards should be based on the efficiency of the whole boiler (heating fuel plus auxilliary
energy). The alternative would be to mandate at a specific level for the pumps within the
boiler. In either case an update and extension of the 1992 Boiler Efficiency Directive or an
industry agreement would be appropriate.
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Scenario analysis

1 Introduction

The previous two chapters have described the market for domestic circulation pumps,
provided a static estimation of energy consumption by these pumps, and then given technical
options to improve the efficiency of installed pumps.

This chapter, a summary of Task 3 of the project, will extend the energy consumption to make
projections of future energy consumption, by employing a model of the stock of circulation
pumps. Initially, a business as usual consumption scenario, which projects current trends into
the future, will be made. Potential saving scenarios can then be compared relative to this
reference case. Before listing the options open to policy makers the installation process of
heating systems and their components in the UK will be described, as this will highlight the
important actors.  Once an understanding of the installation process is known, some insights
into policy options will be seen.  This will lead to a list of potential policy options for both the
EU Commission and Member States.  The overall potential reduction in energy consumption
will then be given for various scenarios. For these scenarios an indication of the impact on
various actors will be given.

The structure of this section will take the following form format:
1. Introduction;
2. Installation process;
3. Stock model methodology;
4. Reference case consumption;
5. Potential for reduction;
6. Policy options;
7. Reduction scenarios;
8. Impact on actors;
9. Summary.
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2 Installation process

For the purpose of this study, the domestic circulation pump is an electronic product that
circulates hot water around a ‘wet’ central heating system. The pump itself is either an integral
part of the boiler or is a separate component within the central heating system.

In the case of a ‘stand-alone’ circulation pump (ie one outside the boiler, but within the
heating system) it will generally be the installer who selects or specifies the components. The
level of negotiation on system specification will depend on who is commissioning the heating
system.  In some cases, such as a new building – where housing developers and builders are
involved – heating engineers may specify the system. However, in most cases it is the
householder who commissions the heating system entirely, and the installer who will specify
the heating system. In these cases the components are usually purchased from a specialist
merchant or wholesaler.

In the case of the circulation pump being an integral part of the boiler, it is the boiler
manufacturer who will specify the components, including the pump. The specification
decision will be made on performance, reliability and cost. The efficiency of the pump will
not usually be a criterion in the selection process.

Figure 1 shows a schematic network diagram for the installation of heating equipment in the
UK. This diagram can be extended to include the role of circulation pump manufacturers in
this network of actors.  They are part of the manufacturers’ polygon. The circulation pump
manufacturers supply pumps for boiler manufacturers and also supply direct to the merchants
or wholesalers.
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Figure 1: Network of actors implicated in the specification of heating equipment (UK)
Source: Banks (2000)

The above network is similar for other EU countries (with some difference in countries where
DIY stores have a larger impact). In this network two actors may be seen as the highest
importance in the uptake of efficient circulation pumps.  Those are the installers and the boiler
manufacturers. In heating systems in general it is well recognised that it is the installer who is
the linchpin, and many of the effective policies will be the ones focussed on this actor.  Since
many boilers will contain the pump as an in-built component, it is the manufacturers of these
boilers that will also be key in the uptake of efficient pumps.

Once a system has been specified, the system itself will, on average, last 30 or 40 or more
years. The components within the system will of course last less time. A boiler will typically
last for 20 or so years, whereas the circulation pump is expected to last around 13 years, on
average. When the pump fails in a boiler it is common for the ‘installer’ to replace the failed
pump with an approved (by the relevant boiler manufacturer) pump – usually, a like for like
replacement. The replacement is thus partially specified by the boiler manufacturer. In the
case of a stand-alone pump, an installer will replace the pumps with a familiar pump or an
identical replacement.

Thus, the installation of the circulation pump into a heating system can be viewed as being in
one of four quadrants. Along one axis the installed pump can be viewed as a replacement or a
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new one (ie addition to stock). Whilst on the other axis the installed pumps can be viewed as
being integral to the boiler or outside of boiler (though still within the heating system).

New Replacement
Integral to boiler 1 2
Stand-alone 3 4

So this brief analysis of the route by which circulation pumps take to be installed in heating
systems, begins to reveal how increased efficiency pumps in the stock of pumps can be
realised. These can be summarised as:
• improved heating system specification;
• increased specification of boilers (and replaced components);
• higher specification for replacement pumps (in stand-alone applications).

In each of these cases different policy measures are needed to increase the efficiency of the
installed circulation pump.

Before assessing the likely effects of improved efficiency, the end-use model used to estimate
consumption will be explained.
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3 Stock model

Without an end-use model of energy consumption, comment on the expected effect of
potential product-level policy would be pure conjecture. Thus, most appliance studies employ
an end-use model, and this section provides an outline of the modelling approach that will be
used to estimate the stock of circulation pumps in the EU – disagregated to member state level
where possible.

The type of end-use model used in the DECADE (1995, 1997) projects at the Environmental
Change Institute is known as a vintage stock model. This approach has also been used by the
ECI on various EU studies, such as the EU ‘wet’ appliances study (GEA, 1995), the ‘standby’
study (NOVEM, 1997), DELight (1998), the ‘ovens’ study (Kasanen, 2000) and the
CADENCE (2000) project. This approach is also being used by the concurrent SAVE space
and water heating studies.

This type of model is known as a stock model, as it describes the stock, or the age-profile of
the total numbers of an appliance type in people’s homes. As an example Figure 1 gives the
age-profile for fridge-freezers in the UK, where the top line is the number of fridge-freezers in
the UK stock each year. It can be seen that the number of fridge-freezers owned in the UK has
increased from zero in 1970 to around 15 million in 1999, and is projected to rise to almost 19
million in 2020. This continued increase in numbers is due to the increasing number of
households, rather than increasing household ownership, which is projected to saturate at
65%.  Each shaded band in the figure represents the number of appliances still in the stock,
but bought in the same year. The single white band, beginning in 1990, represents the sales in
1990 and the number remaining in subsequent years. By 2010, this white band has almost
tapered away – of the expected fridge-freezers in people’s homes in 2010, very few will have
been bought in 1990.
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Figure 2:  Stock of fridge-freezers in the UK

The stock in any one year is aggregate of the shaded bands to give the age distribution profile
for this appliance type.  The grouped white lines in the top right of the graph are the sales of
fridge-freezers after the year 2000. The shaded lines to the left and beneath, the ones bought
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before 2000, which clearly show the time delay in new appliance filtering through the stock.
Even by 2020, there are still expected to be some fridge-freezers in people’s homes that were
bought before 2000.

Principle equation for estimating energy consumption
A vintage stock model allows for the time-related effects of new products entering and old
ones leaving the stock of appliances, and enables the evaluation of the effect of policy on
energy consumption. This type of model is most useful for analysing the effect of changes in
technology, usage or ownership through time and is described mathematically by the
following equation:

Energy(k)  =

  2020

 Σ    
k=1970

   k

  Σ
j=1970

Sales(j) x  Remain(j,k)  x Power(j)  x Hours(k) (1)

where:
Energy(k) is the estimated energy consumption (kWh) of all appliances in year k
Sales(j) is the number of appliances sold in year j
Remain(j,k) is the proportion of the appliances sold in year j and still remaining in the

stock in year k
Power(j) is the average power demand (kW) of all appliances sold in year j
Hours(k) is the average usage (hours) of all appliance owned in year k

The estimated consumption figures for each appliance type are summed to give total energy
consumption by all end-uses within the area/country.

To describe the underlying principle of this model consider the electricity consumption of all,
say, televisions from the year 1970 through to 2020 (ie k = 1970...2020).  In this example, the
electricity consumed in say 1990 (k=1990) will be the energy used by all the televisions sold
up to this year and still remaining in the stock (j=1970...1990).  It will be a combination of the
weighted (by the number remaining) average power demand in each these years (j) and the
average number of hours that televisions are in use in 1990.  The average power demand may
change through time due to the range available and bought by consumers, reflecting changing
efficiency and features.

Estimating sales data from ownership
However, it is common for sales volume data, Sales(j), to be unavailable or to have missing
years. In these cases, the sales data can be derived from the total number of appliances in the
stock, which can be derived from ownership data. Indeed, government agencies and market
research companies regularly undertake surveys of appliance ownership. And since the
variance of the ownership data is less than the sales data, due to fluctuations with changing
market conditions, it is easier to interpolate missing ownership data and also make projections
of these data.

Data on ownership are usually an amalgam from a variety of sources, which are smoothed
using a low pass filter function, to provide a smooth and continuous (ie interpolate missing
values) time series (Figure 2). The smoothing algorithm used is the IRWSMOOTH algorithm
(Young et al 1991), which will filter out large inter-annual fluctuations – more likely to be
due to sampling noise, than real changes in ownership.
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Figure 3:  Ownership of fridge-freezers in the UK

If the household ownership levels are known then the stock of appliance is simply the product
of ownership and household numbers:

Stock(k)  =  Households(k)  x  Ownership (k) (2)

where:
Households(k) is the number of households, eg UK.
Ownership (k) is the household ownership (proportion) in the country considered.

Ownership levels, annual sales and the lifetime of an appliance are inter-related variables, so
that it is possible to estimate the third if any two are known. For instance, a new purchase is
either going to be a first-time purchase (increasing ownership levels) or to replace an existing
machine that has broken down (at the end of its useful life).  Thus, the sales data can be
estimated from ownership data if the average appliance lifespan is known. The average
lifespan is sometimes available from life cycle analyses, though it can be estimated
numerically if sufficient data are available. Through rationalising known sales and ownership
data it is also possible to provide a (least squares) estimate for the average lifespan over the
whole observation period. Where there are sufficient data, this approach is preferable since it
provides a better estimate of the useful appliance lifetime.

Estimating sales from known stock of appliance can be represented as follows:

Estimated-Sales(k) = Stock (k)  –

  2020

 Σ    
k=1970

   k -1

  Σ
j=1970

Estimated-Sales(j) x  Remain(j,k) (3)

The function Remain(j,k), which is the same function as in Equation 1, describes the
proportion of the appliances sold in year j and still remaining in the stock in year k .  In this
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project it is derived by assuming that the lifespan profile of each appliance type follows a
normal distribution (modelled by two parameters: the mean and the variance). The average
lifespan, or half-life, is defined as the time taken for 50% of each appliance type sold in a
given year to leave the stock of appliances.

Std dev = 4 years

Mean = 18 years
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Figure 4:  Fridge-freezers sold in 1980 and remaining in stock, UK

So of the 650,000 appliances bought in 1980, around 320,000 were left in 1998, and it is
likely that a few remain after the year 2000. Of course, the normal distribution used here can
be replaced by any other function that describes the proportion of the stock remaining after a
given length of time.
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4 Reference case

In order to make estimates of potential savings a business-as-usual or reference case is
needed, against which potential savings can be measured. Using the approach outlined in the
previous section the following data are needed, through time, to estimate consumption into the
future:
• household numbers;
• circulation pump ownership;
• ownership of wet central heating systems;
• proportion stand-alone, wall hung;
• proportion with electronic control;
• hours usage;
• average power demand of installations;
• volume of sales/installation (also to estimate lifespan).

Different types of installations have been identified (Task 1). It should be noted that they are
in most instances the same circulation pumps, it is the installation and level of control that has
been separately identified. This is done since in some cases, the hours of usage and the rated
power will be different.

The five different types of installation considered are:
• individual wall hung;
• individual stand alone;
• district within home;
• collective within home;
• collectively used (district and collective pumps that are placed outside the homes).

All further split-up is either based upon maximum power demand (<90W, 90-250 W, >250W)
and operating time (self-controlled, switched, weather dependent, boiler controlled and no
control). The 13 installation types identified were because the data were available to that
detail. It could have been further split-up into individual pumps between operating times but
that would have required an even larger analysis.

Table 1: Different types of installation and control
Installation number Installation type
1 Ind-90-SA-E
2 Ind-90-SA-nE
3 Ind-90-W-E
4 Ind-90-W-nE
5 Dist-90-SA-nE
6 Coll-90-SA-nE
7 Ind-90-250-W-E
8 Ind-90-250-W-nE
9 Ind-90-250-SA-E
10 Ind-90-250-SA-nE
11 DistColl-250-E
12 Coll-250-SS
13 Dist-250-nSw
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The key to the abbreviated labels for the installation types is given in Table 2.

Table 2: Key to the abbreviations in Table 1
Label Type
Ind Independent
90 < 90W maximum power
90-250 Between 90 and 250W maximum power
250 >250W maximum power
SA Stand-alone, outside boiler
W Wall hung boiler
E Electronic control
NE No electronic control
Dist District heating
Coll Collective
NSw No switch
SS Summer switch

Once these categories have been decided, the ownership and hours of use of these types of
systems needs to be known in order to make an estimate of consumption by these installation
types. Actually, these installation types are partly driven by the level of information known.

The final list is based on the one used in Task 1 in the static calculation for energy use.  Of the
"inst. type" (non-electronic control) (2), (4), (8) and (10) two operating times are used. For
example: for type (2) it is assumed that 10% are operated with a summer switch (4,900 hours
per year) and 90% are operated without control (8,760 hours per year). Similarly for
installation type (10). For type (4) and (8) 10% are assumed to have weather (temperature)
dependant control (4,900 hours per year, and equal to a summer switch) and 90% via boiler
control (assumed to be 3,000 hours per year as the EU average). Type (3) and (7) are not
present in the stock (but do form an option for energy saving). Note that for installation types
(11), (12) and (13) an equivalent of 50W of pump demand per household is assumed (since it
is extremely difficult to find out how many pumps are installed in district heating systems and
in collective systems).

The power ratings are based on maximum output, since it is common practice for installers
(when they have a power selection choice) to select the highest power setting. The average of
all of the installed 90W rated and less is assumed to be 65W when installed. If electronic
control exists, which can automatically change the power as required over the year, then the
average annual power rating is assumed to be 65% of the maximum power rating (discussed
earlier in Task 2). Alternatively, this can be thought of the maximum power rating with a 65%
equivalent hours of use figure.

Table 3: Different types of installation and control, with EU average annual hours of use and
power demand
Installation type Annual use (hours) Average Power (W)
1) Ind-90-SA-E 8760 42 (=65x0.65)
2) Ind-90-SA-nE 8374 (=0.1*4900 + 0.9*8760) 65
3) Ind-90-W-E 8760 42 (=65x0.65)
4) Ind-90-W-nE 3190 (=0.1*4900 + 0.9*3000) 65
5) Dist-90-SA-nE 8760 65
6) Coll-90-SA-nE 4900 65
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7) Ind-90-250-W-E 8760 117 (=180*0.65)
8) Ind-90-250-W-nE 3190 (=0.1*4900 + 0.9*3000) 180
9) Ind-90-250-SA-E 8760 117 (=180*0.65)
10) Ind-90-250-SA-nE 8374 (=0.1*4900 + 0.9*8760) 180
11) DistColl-250-E 8760 32 (=50*.65 per household)
12) Coll-250-SS 4900 50 (per household)
13) Dist-250-nSw 8760 50 (per household)

The ownership of wet central heating systems (ie requiring a circulation pump) varies across
the EU – ownership is more likely in the colder northern EU countries. The hours of heating
depends on the number of hours the central heating is used, which in turn is dependent on the
external temperature, attained internal temperature, and the building heat-loss (related to the
level of thermal insulation). Information on average temperature can be given by degree-day
information.  The hours of use of central heating systems, and more specifically circulation
pumps, is difficult to obtain for all heating systems in all EU country and some assumptions
have had to be made (Task 1).

Running this information through the stock model described earlier reveals the consumption
in Figure 5, disaggregated to show consumption by Member States.  The electricity
consumption by circulation pumps in the EU is currently around 40 TWh (which is similar to
the static calculation earlier in Task 1). The difference between this estimate of consumption
in Task 1 and the current estimate (in the year 2000) is due to a couple of difference in the
input values. Most importantly, different household numbers were used – Task 1 used
numbers from EuroConstruct, where as the figures for the current analysis is from Eurostat
and other sources, and are slightly lower.

This electricity consumption is expected to rise as ownership of wet central heating systems
increases (and also the demand for higher internal temperatures).  This increase in ownership
is in itself, driven by the increase in availability of piped natural gas and also the increased
number of new households. Increased levels of insulation should decrease the demand for
space heating and correspondingly the number of hours of required pump action – though this
will not be sufficient to cancel out the increase in ownership.
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Figure 5: Estimated electricity consumption by EU circulator pumps, by country

This above figure can also be viewed with the consumption split by the 13 installation types
described earlier. This is shown in Figure 6 below.

-

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

45,000

50,000

1990 1995 2000 2005 2010 2015 2020

E
le

ct
ri

ci
ty

 c
o

n
su

m
p

ti
o

n
 (

G
W

h
)

Coll-250-SW

Dist-250-nSW

DistColl-250-E

Ind-90-250-W-nE

Ind-90-250-W-E

Ind-90-250-SA-nE

Ind-90-250-SA-E

Ind-90-W-nE

Ind-90-W-E

Ind-90-SA-nE

Ind-90-SA-E

Coll-90-SA-nE

Dist-90-SA-nE

Figure 6: Estimated electricity consumption by EU circulator pumps, by installation type

The largest estimated electricity (for circulation pumps) consuming installation type is the
wall-hung, non-electronic control type. This is as expected, since most heating systems in the
EU are of this type.
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5 Potential (economic and technical) for reducing energy
consumption

Previous SAVE end-use studies have examined energy reduction options with respect to the
life cycle cost to the consumer. The life cycle cost to the consumer is usually the purchase cost
plus the running cost, though can be wider in scope.  When appropriate these should also
include other life cycle costs such as maintenance and repair costs.  These end-use studies
have aimed to minimise the cost to the consumer, by introducing efficiency through (usually
more expensive) design options which ultimately save money for the consumer. A discount
rate of around 8% is assumed and mark-ups of 2.5 to 3 are assumed for additional
components.

The analysis from Task 2 shows that it is cost-effective to improve the efficiency of most
circulation pumps at a cost-effective (to the consumer) level for each type of installation. By
increasing the efficiency and introducing variable speed pumps (and summer switches), the
electricity consumption by circulation pumps can be reduced dramatically, when compared to
the basecase circulation pumps. Task 2 described two base cases, one with the circulation
pump integral to the boiler and one with the pump as a ‘stand-alone’ component of the heating
system.

Table 4: Basecase and ETP annual consumption (kWh) for two basecase types (Task 2)
Boiler Stand-alone

Basecase (kWh) 221 591
ETP (kWh) 70 110

The most efficient pumps are also the products that would have the minimum life cycle cost to
the consumer (MLCC).  This level is also known as the ETP level – economically justified
and technically feasible.
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6 Policy options

From the consumer perspective, there already exists sufficient economic reason for installing
higher efficiency circulation pumps (shown by the ETP level). However, for understandable
reasons they have not been produced or installed.  The primary reason for lack of higher
electricity efficiency, as with other products, is that the consumer ultimately pays for the final
running electricity costs. The producers of the pumps, the boiler manufacturers, and the
installers do not pay for the running costs and so have little economic motivation for
supplying a higher cost product.  Since the final consumer is usually unaware of its electricity
consumption, and even less aware of the potential improvements in efficiency, there is little or
no demand for higher efficiency pumps.

To overcome the perceived ‘barrier’ to higher efficiency government bodies (whether national
or EU-level) can implement policies which would encourage the uptake of higher efficiency
products and discourage the uptake of inefficient products.

Generally, the end use energy policy options can be summarised into the following categories:
• information;
• ranking by efficiency (eg labelling);
• incentives;
• standards.

Policy measures can be implemented individually, or can be combined to make a coherent
strategy.  When performed in a coherent manner, and producing an irreversible change in the
market, market transformation is said to have occurred. This approach has been discussed and
implemented for the last decade or so (see eg DECADE 1997, and the UK’s market
transformation programme website www.mtprog.com). The EU Commission has also been
following this type of approach for many of the major domestic appliances (and also cars).

Prior to end-use efficiency policies being introduced there is usually no emphasis on energy
efficiency (beyond industry good practice), especially where it involves additional
manufacturing costs. In an era of increased competition and pressures on cost margins, design
options which imply higher costs, and which cannot be recouped, will generally not be
incorporated. It is within this context that end-use policies are applied. Figure 7 shows a
typical distribution of efficiency (x-axis) prior to any end-use intervention policies (this
example is the availability of refrigerators in a Scottish store). The aim of end-use or market
transformation policies is to move the efficiency distribution curve to the left – the more
efficient end.

The first step in any market transformation process is to be able to rank the products on an
efficiency basis. Which, in turn, requires a reproducible and fair testing procedure. Once this
has been satisfied, the products are usually ranked using a labelling scheme (though this need
not necessarily be the case). In the example in Figure 7, the seven-scale EU A-G scheme (A
being high efficiency through to G being low efficiency) is shown. The act of ranking the
products by efficiency is usually sufficient to ‘move’ the market. Some actors, once they have
reliable efficiency/energy information will change their purchasing behaviour.

Incentives, such as rebates, can be used to increase the share of higher efficiency products –
the labelling scheme allows easier allocation of rebates since the higher efficiency products
are clearly identifiable. In addition, procurement of newer technologies can also bring higher
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efficiency products onto the market. Finally, efficiency standards, whether mandatory or
voluntary, can remove the most inefficient products from the market. This procedure or rather
integrated process can be repeated a few times, if there is a large efficiency improvement
potential.
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Figure 7: Typical market transformation curves
Source: DECADE (1997a)

Since pumps (and boilers) are traded goods within the EU (a single market) it is appropriate
for efficiency standards and labelling schemes to be discussed and decided at the EU-level.
Other initiatives, such as information and rebates, will still predominantly be appropriate at
the Member State level.  However, co-ordinating the policy of Member States and the
Commission is essential for optimum performance in installing higher efficiency products.

It is worth re-iterating the comment about circulation pumps being a component, not a ‘non-
installed’ appliance. Since pumps are within a system, it is necessary to be aware of the
relative importance of the consumption by this component versus other energy consuming
components. When the pump is part of the boiler, the energy for fuel as well as the auxilliary
energy needs to be considered.   Auxilliary components are usually electric, whilst the heating
fuel is gas or oil. Thus, the energy efficiency of the system should be discussed in terms of
primary energy for boiler plus components.

Each of the constituent policy measures, briefly mentioned above, will now be discussed in
turn, paying particular attention to the subtleties that may occur when applied to circulation
pumps.

6.1 Information
Providing information on good practice enables consumers (or decision-makers) to make
informed choices when they make their appliance/installation decision. The affect of
supplying the relevant information will be enhanced if there is a recognised body or labelling
scheme that is conveying the information.  In the case of ‘plug-in’ appliances (ones which
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consumers purchase directly, such as refrigerators) energy advice can be aimed directly at the
consumer or the ultimate end-user. For installed appliances, aiming information directly at the
consumer should be a less successful in resulting in higher efficient heating system
components being installed. However, Grundfos recently ran a public advertising campaign in
Denmark, to promote a high-efficiency regulating pump. This resulted in a 10% increase in
sales of the efficient pump. This was partly due to consumers negotiating with their installers
for this higher efficiency pump.

Installer training
The lack of energy efficiency knowledge and skills by installers contribute to the installation
of energy inefficient heating systems. This actor in the installation process has been identified
by many (eg Siderius 1999, Banks 2000) as one of the ‘weakest links’.  Increasing the energy
efficiency awareness of this actor is seen as essential if efficient heating systems are to
become common place.  One of the obvious solutions includes making knowledge of
efficiency part of installer’s initial training and qualification. This efficiency emphasis should
be continued after qualification, and should be viewed as part of continued professional
development.

Energy labelling
A distinction can be made between two types of labelling strategies: one is endorsement and
the other is ranking. A further distinction can be made between mandatory and voluntary
schemes.

Endorsement labels are award labels for high performance (on say energy efficiency or life
cycle environmental impact). A product, which displays this label, is then recognised as
having reached certain criteria. Those that do not display the label either do not attain the
required standard, or have chosen not to display it, for whatever reason. At the EU-level the
best known of this type of label is the EU Eco-Label, which is based on a life cycle
assessment of the environmental impact of the product. To-date, it has been applied to some
domestic products and a few residential appliances (refrigerators, washing machines). The
most successful endorsement labels have been the national ones, which have been in existence
for longer periods of time and have been heavily promoted. For example, the HR mark in the
Netherlands was highly successful (when coupled with other policies) in highlighting and
promoting the condensing boiler. The only national endorsement label being considered for
circulation pumps is Germany’s Blaue Engel (Blue Angel). This is still in the process of being
developed.

The alternative to endorsement labels is a ranking one, which place the performance of all the
products on a scale. The best known is the EU’s Energy Label, which categorises products on
a seven-point energy (efficiency) scale, from A (good) through to G (poor). The scheme was
introduced through a framework directive in 1992, which gave the Commission a mandate to
label most domestic appliances. So far, most of the major appliances have been labelled, or
have been studied to see the feasibility of energy labels. Separate to this scheme, there already
exists a ranking method for boilers. This is the voluntary star rating system (1 through to 5)
which is part of the EU boiler efficiency directive (BED). At present this is based on the
heating fuel efficiency only and not widely used by manufacturers.

An evaluation of the evidence of these two types of labels when applied to appliances is that
the mandatory A-G labelling has been far more successful than the voluntary Eco-label. There
are two main reasons for this. Firstly, manufacturers have to pay to use/display the Eco-label –
this can be viewed as a ‘tax’ on efficient products. Secondly, the A-G scheme has all products
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labelled, so the consumer is not only able to distinguish the best on the market, but they are
also able to identify the worse on the market and make a more informed choice.

For stand-alone pumps or replacement pumps an efficiency label would be desirable – as
described earlier. The label can also be thought of as an information fiche. Efficiency
information and also other installation information should be displayed, to assist correct
installation.

When the pump is integral to the boiler, it would make sense to have a label for the whole
boiler, rather than a label for each of the energy using components (eg fan, controller). Ideally,
the boiler label would include all uses of energy – the heating fuel and the auxilliary energy –
when creating an efficiency index. There is a SAVE space heating study underway, which will
recommend information system for whole heating system This will include the whole system,
boilers and components in its analysis.  The recommendation for this ‘space heating’ study
will also be influenced by the outcome of another parallel SAVE study looking at labelling or
information systems for water heating systems.

6.2 Incentives
Financial incentives can take various forms whether procurement of technology, government
rebates or fiscal (taxation) measures.

Procurement
Procurement can be undertaken in one of two ways: either technology procurement or
aggregated procurement. Technology procurement is used to develop new technologies by
giving a prize (eg golden carrot scheme) or guaranteeing a minimum market for the sold
products as in the SAVE Energy+ study, which has done so for fridge-freezer in the EU.
Aggregated procurement is where potential buyers are combined to provide a larger
purchasing group, which can specify higher efficiency at a lower cost. Procurement
programmes are usually done at the Member State level, though they can be carried out where
appropriate, such as the successful SAVE Energy+ project.

Rebates
Rebates are subsidies, usually from national government (though can be through other routes,
such as the energy supply companies’ energy efficiency obligation in the UK), are used to
induce customer to purchase efficient technology.  The incentive can be given to the
consumer, to the installer, or the boiler manufacturer, or even the pump manufacturer.  Giving
the rebate higher upstream (ie boiler manufacturer, or pump manufacturer) can usually lever
larger savings though will be less visible to the public or end-user.

Fiscal measures
It is already common for energy saving products to be exempt from VAT (value added tax) in
some Member States. A more sophisticated approach would be to set differing levels of VAT
on efficient and inefficient technologies – perhaps tied to the A-G energy scale. Thus reducing
to VAT on high efficiency pumps would send the right ‘market signal’ and make the choice of
such technologies more cost-effective to the final consumer.

An alternative is to change the taxation system of the manufacturing companies directly. For
instance, tax credits can be given to manufacturers, dependent on the level of production of
efficient products. At present this arrangement would only function at a Member State level.
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6.3 Minimum efficiency target
These can be used to set voluntary target levels, or EU-wide mandatory standards.   Voluntary
agreements can be like the CAFÉ (corporate average fuel efficiency) standards – whereby
each manufacturer reaches an average for the efficiency for the product they sell. It can also
be a voluntary agreement not to produce beneath a certain efficiency level.

To-date, two domestic products are subject to mandatory minimum efficiency standards in the
EU – these are boilers and refrigeration appliances.  Lately, the European Commission has
shown a preference for voluntary approaches in the first instance. Thus, there are voluntary
agreements on a range of white goods in the EU.  CECED, the European electrical
manufacturers’ association has negotiated agreements with the Commission on domestic
electrically stored water heaters and washing machines. Similarly, EACEM, the European
electronics manufacturers has negotiated agreements to reduce the standby consumption on
TVs and VCRs. The Commission is in the process of negotiating industry agreements on
several other domestic products (listed in Appendix A).

In the case of the circulation pumps a minimum efficiency target value could be mandatory
for all pumps sold in the EU or if voluntary, could be applied to the pump manufacturing
industry – most likely via the appropriate industry association (Europump). In either case,
there would also need to be other supporting policies such as labelling to create market pull to
make the transition to higher efficiency products easier.

When the pump is integral to the boiler, the efficiency standards could either be on the pump
(just one component) or alternatively could be on the efficiency of the whole of the boiler
(which includes fuel for heating and electricity for components such as fans, pumps and
controls). There should be a preference for the latter to allow the boiler manufacturers to
decide which is the most cost-effective and easiest solution for them. The role of policy in
demand side measures should be set to the efficiency target, rather than prescribe specific
solutions. If more efficient circulation pumps are cost-effective (to the consumer) they will be
introduced to the boiler if the standard for the boiler is set to an appropriate level.

6.4 Others
Other policy options may also be considered.  The most obvious is be to increase
electricity/energy prices, which would make increased efficiency options more cost-effective
to the consumer. Increasing energy costs can be achieved by introducing general energy taxes
or (more environmentally targetted) by introducing carbon/nuclear taxes. This discussion is,
however, outside the scope of this project.

6.5 Policy summary
A strategic mix of the above can produce a coherent effective strategy.  The main priorities at
the EU-level to increase efficiency of circulation pumps are to introduce a mandatory A-G
labelling scheme for stand-alone pumps and subsequently set minimum efficiency standards.
Recommendations of EU policy measures for circulation pumps integral to boilers should be
taken from the current SAVE study on space heating. At the Member State level, the most
important policy action is to improve the efficiency awareness of installers. Incentives, such
as rebates, would also smooth the transition to higher efficiency products.
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7 Potential reduction scenarios

Using the stock model described earlier, it is possible to model the effects of introducing
higher efficiency circulation pumps, when new or replacement ones are installed. The
different reduction scenarios to be modelled here are:
• ETP scenario
• Policy scenario

All of these scenarios are based on improving the efficiency of the installation. No scenarios
are presented where different heating systems are installed which do not require a circulation
pump, or where the heating demand is reduced.

7.1 ETP scenario
It is possible to increase the electrical efficiency of circulation pumps by a considerable
amount (Task 2). If there were no obstacles to the take-up of these efficient technologies,
energy consumption by these products would fall considerably.

The ETP scenario assumes that all pumps which need to be installed or replaced are at the
ETP level (for that installation type) – shown earlier in Table 4. This ETP level of installation
is assumed to happen at 100% by 2005. This is a hypothetical scenario used to describe the
‘envelope’ of possible ‘economic’ savings by improving the efficiency of the pumps alone. It
does not include the effect of lower use of pumps (through lower temperature requirements, or
better insulation, or even change of heating system type). If all pumps are at this economically
efficient level by 2005, then consumption will decline relative to the reference case (RC) – as
shown earlier in Figure 7. This is shown as the ETP line in Figure 8.

Since pumps will last for 13 years on average the full effect of this potential increase in
efficiency would not be seen until after 2020.
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Figure 8: Reference case and ETP scenarios for EU circulation pump electricity consumption
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These theoretical energy savings assume purchase cost, production availability, and installer
knowledge were not restraining issues.  In practice the ETP scenario, or large savings, will not
happen without intervention by policy makers. The main reasons for this ‘market failure’ are
lack of information, insufficient market demand and absence of regulation push for these
higher efficiency products.

7.2 Policy scenarios
To realise the ETP scenario, or bring about higher efficiency pumps, information on
efficiency would need to be more transparent. A mandatory A-G labelling scheme would
enable this. Subsequent to a labelling scheme a minimum efficiency standard with a sufficient
lead-time should be introduced to eliminate the least efficient pumps. In order to simplify this
process the standard can be based on the A-G labelling system. As described earlier, these two
measures would ideally, be complemented by other actions. Specifically, there would be some
form of financial incentives to install higher efficiency pumps. More importantly, additional
training for installers on energy efficiency would be introduced – both for initial training and
as part of continued professional development. The Scenario 1 scenario shows the maximum
likely effect of the above policy measure, where the ETP level is reached by 2011 for stand-
alone circulation pumps. If similar parallel measures are also taken for boilers (recommended
policies should be an outcome of the current SAVE study of space heating systems), and the
ETP level is also reached by 2011, the maximum likely effect on energy consumption is that
shown as Scenario 2.  The effect of Scenario 1 is also included in Scenario 2.
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Figure 9: Electricity consumption by EU circulation pumps, RC, ETP, Scenario 1 and
Scenario 2

Assuming the ETP level could achieved for all new circulation pumps going into stand-alone
applications by 2011 (with 50% reaching this level by 2006), over 13 TWh of electricity could
be saved by 2020, when compared to the reference case. This could be more than doubled if a
similar level of savings were obtained for circulation pumps embedded within boilers.
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8 Impact on actors

8.1 Consumers
Since circulation pumps arrive in people’s homes as a component of the boiler itself or are an
installed product (by plumber or installer), the consumer will have little knowledge of the
pump itself. At present, the main consumer impact of the circulation pump on the consumer is
the cost of the boiler or equipment installation and the electricity running costs. If the average
cost of electricity is assumed to be 0.1 Euro/kWh an estimate of consumers electricity running
costs can be made.

Table 5: Electricity consumption and consumer costs of EU pumps
Electricity

(TWh)
Electricity Costs

(MEuro)
RC, 2000 37.6             3,756
RC, 2020 45.6             4,558

Scenario 1, 2020 31.7             3,173
RC-Sc1, 2020 13.9             1,385

At present, EU consumers are paying approximately 3,700 million Euros for around 38 TWh
electricity to power their circulation pumps each year. This will rise as the number of
circulation pumps increase. If the Scenario 1 efficiency level (for stand-alone circulation
pumps) were introduced, consumers’ annual running costs would be reduced by 1,000 million
Euros (by 2020). Of course, consumers would be paying a slightly higher price for their
pumps, which would be recouped by these lower running costs.

8.2 Environment
As with most of the major domestic appliances, the use phase of circulation pumps has the
highest environmental impact. The impact comes for the use of using electricity to power the
device. The electricity consumed by the circulation pumps is generated by different methods
across the EU, ranging from burning fossil fuel, to nuclear power, through to large-scale
hydro. Each of these has their own environmental impact associated with generating
electricity.  However, in the context of this study we will concentrate on the carbon dioxide
emissions, the principal greenhouse gas. Greenhouse gas emissions are widely believed to be
promoting enhanced climate change, which will have adverse affects – resulting from raised
sea levels and different weather patterns.  Greenhouse gas emission reductions are also a focus
for the EU and its Member States since they have agreed to reduce their emissions and are
actively looking at ways of reducing them. Increasing end-use efficiency is one of the
favoured ways of attaining this goal.

The emission factor (used to convert electricity estimate to carbon emissions) is different in
each EU Member State, since their generating mixes are different. The average annual
emission factor (delivered kWh to kg CO2) is about 0.4 kg CO2/kWh (based on IEA data from
1996, Table 6) for the whole of the EU. Using this emission factor it can estimated that
approximately 15 tonnes of CO2 were emitted last year as a result of using domestic
circulation pumps (Table 7).

Table 6: Carbon emission factors for electricity, EU 1995 average
Country Electricity

kg C/kWh
Electricity

kgCO2 /kWh
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AU 0.06 0.220
BE 0.09 0.330
DK 0.22 0.807
FI 0.09 0.330
FR 0.02 0.073
GE 0.16 0.587
GR 0.24 0.880
IR 0.20 0.733
IT 0.14 0.513
LU 0.21 0.756
NL 0.17 0.623
PO 0.16 0.587
SP 0.12 0.440
SW 0.01 0.037
UK 0.14 0.513
EU 0.11 0.403
Source: CADENCE (2000)
Based on IEA data.

It could be argued that circulation pumps are operating when external temperatures are lower,
when central heating is required. In this case the emissions from electricity generation are
generally higher. For example, in France which on average has a low carbon emission factor
(a result of high nuclear generating capacity), will utilise fossil-fuel powered stations in winter
when central heating systems are used.

By 2020, consumption will have increased by around 7 TWh, increasing carbon emissions
(assuming no change in the average carbon-mix for generating electricity). Any savings in
electricity will be at the expense of the ‘marginal’ generating capacity. It is unlikely, that
nuclear or renewable electricity would be reduced – there are good economic or
environmental reasons for not reducing their use.  The marginal generating plants will almost
certainly be fossil fuel powered.  Assuming a very efficient gas generating power station as
the marginal plant (which has emission factor 0.4 CO2/kWh), this will probably be a
conservative estimate of the emission reductions potential.

Table 7: Electricity consumption and carbon dioxide emissions by EU circulation pumps
Electricity

(TWh)
Carbon dioxide emissions

(MtCO2)
RC, 2000 37.6                  15.1
RC, 2020 45.6                  18.4

Scenario 1, 2020 31.7                  12.8
RC-Sc1, 2020 13.9                    5.6

8.3 Manufacturing industry
Under the policy scenarios the circulation pumps manufacturers would have to produce more
efficient circulation pumps – there will have to be changes to production lines. The extra
investment needed to change production lines and produce these higher efficiency pumps will
mean production costs will rise. The amount by which these costs will rise will depend on the
time frame to implement. Under the ETP scenario, the cost of the higher efficiency pumps
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will be passed on to the end-user (sometimes via the boiler manufacturer). The end-users
higher purchase price for the component will be recovered by lower electricity running costs.

If replacements for circulation pumps within boilers are to be encouraged to be higher
efficiency, then boiler manufacturers’ recommended component lists would need to be
updated (to include such components if appropriate).

Installers under most scenarios should be receiving better training for system design and
replacing components with energy efficiency in mind.
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9 Summary

Using a stock model an estimate of energy consumption by domestic circulation pumps in the
EU can be made. Using the available data, it is estimated that consumption by all these types
of pumps is in total around 40 TWh per annum. This is expected to increase into the future as
levels of ownership of these products increase.

By introducing more efficient pumps it is possible to reduce electricity consumption
considerably.
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Figure 10: EU electricity consumption by circulation pumps, RC, ETP, and Scenario 1

The potential electricity reductions would also realise substantial reduction in consumers’
electricity bills. From an environmental viewpoint, this reduction in electricity would mean
carbon emissions would also be reduced. Depending on which emission factor assumptions
are used, reduced carbon emissions, that are cost-effective to the final consumer, would be in
excess of 5 MtCO2 by 2020.

Table 8: EU summary of RC, EP scenario and potential savings
Electricity

(TWh)
Electricity Costs

(MEuro)
CO2 emissions

 (MtCO2)
RC, 2000 37.6             3,756                  15.1
RC, 2020 45.6             4,558                  18.4

ETP, 2020 13.9             1,394                    5.6
Scenario 1, 2020 31.7             3,173                  12.8

RC-Sc1, 2020 13.9             1,385                    5.6

The two major policy tools that can be used by the Commission are labelling and minimum
efficiency performance standards. These can be, and preferably should be, used in
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combination with Member State measures (such as information, enhanced installer training
and rebates).

Labels
A mandatory EU-wide A-G energy label should be applied to pumps not being sold through
boiler manufacturers. This label should include additional information for the installer, so as
to prevent over-dimensioning and advise on correct installation. A draft proposal for such a
labelling scheme is provided earlier in this report, which explains the need to estimate an
annual consumption figure rather than focus on efficiency alone (which would favour larger
pumps). Where the circulation pump is a replacement in a boiler it would be appropriate for
(updated) approved lists to be referred to.

Another SAVE study is considering labels and information systems for boilers and heating
systems. The present study would recommend that the electricity consumption of the pump
should be included in any new label of the boiler. This can either be as a separate piece of
information or combined with other energy uses of the boiler to give a single efficiency label
for the boiler (on a primary energy basis). Again supporting information would need to be
attached to the boiler label to aid proper installation.

Minimum energy efficiency performance standards
It is recommended that energy efficiency standards for stand-alone circulation pumps be
introduced following labelling, whether mandatory for all circulation pumps, or voluntary
through the appropriate industry association. This could be based on eliminating the lower
levels of the A-G scale. For circulation pumps intended for boilers any new efficiency
standards should be based on the efficiency of the whole boiler (heating fuel plus auxilliary
energy). In this case an update and extension of the 1992 Boiler Efficiency Directive or an
industry agreement would be appropriate.
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Appendix A – EU end-use policy in the domestic sector

Table A.1: Summary of European end-use energy policy instruments affecting domestic installations
Sector Sub-sectors

covered
Instrument Direc-

tive
Minimum efficiency level/ maximum power
demand

In force†

Multiple Framework legislation
for energy labels

92/75 1.1.1994

1st label 94/2 1.1.1995
2nd label* - 2002
1st minimum standard 96/57 C except for chest freezers where it is E 3.9.1999
2nd minimum standard* - Possibly additional 20% over 1992 baseline 2003

Washing
machines

1st label 95/12 1.10.199
6

2nd label* - 2002
Industry agreement - D (with minor exceptions)

C
1.1.1998
1.1.2000

Industry agreement* - 5% reduction from 1.04kWh per wash-load
(1996 baseline)

2001

Tumble
dryers

Label 95/13 1.10.199
6

Washer-
dryers

Label 96/60 1.1.1998

Dishwasher 1st label 97/17 1.8.1999
2nd label* - 2004

Wet

Industry agreement * - = 10 place settings: D; < 10 place: E
= 10 place settings: C; < 10 place: D

1.1.2001
1.1.2005

TV and VCR Industry agreement - Standby: max cons. 10W; fleet average 6W
Standby: fleet average 3W

1.1.2000
1.1.2009

Audio Industry agreement* - Standby: 5W
Standby: 3W
Standby: 1W

1.1.2001
1.1.2004
1.1.2007

Digital
receiver
decoders

Industry agreement* - Standby: 9W for stand-alone, 10W for integrated
digital receiver decoder
Standby: new targets to be defined in 2003

1.1.2003

2005

Consumer
elec-tronics

External
power
suppliers

Industry agreement * - No-load: = 0.3W and < 75W: 1W
No-load: = 0.3W and < 75W: 0.5 W
No-load: 0.3-0.75 depending on power output

1.1.2001
1.1.2003
1.1.2005

Lamps Label 98/11 1.1.2001Lighting
Fluorescent
ballasts

Minimum standard C
B2
A3 or B1 depending on the market situation

1.1.2002
1.1.2005
1.1.2008

Cooking Ovens Label* - Electricity only – final early 2001?
Gas – no test procedure

2001 or
later

Boilers Minimum standard
(plus rating)

92/42 eliminated the least efficient boilers on the
market. Include voluntary 5* rating scheme. New
label being considered

1.1.1998

Electric
storage
heaters

Label* - Finalised early 2001? 2001 or
later

Heating

Industry agreement * 2000-
2002

Air cond-
itioners

Label Finalised early 2001?

†  In force indicates the date on which the provisions should be in force in the member states, e.g. the date from
which energy labels should be on the appliances in the shops.

* = under negotiation or development; provisional details given where available.

Source: CADENCE (2000) updated.


