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 1 INTRODUCTION

The circulator is one of the largest electricity consumers in the household. Especially in the
Middle and Northern European climate zone, the electricity consumption of a circulator in a
heating system may be as high as 500 to 600 kWh/year, comparable to the electricity
consumption of a fridge-freezer or the lighting system in a house.

At the same time it is one of the least known electricity consumers. Especially the small
circulator is seen as a low cost product and a "low involvement" product. For the end user, the
cost of buying the circulator is usually the decisive criteria for selection, and not the energy
consumption costs. End-users are not usually aware of the energy saving potential of higher
efficiency pumps. For instance, new higher efficiency circulation pumps (such as “regulator”
type) can have payback times in the order of one to three years, depending on usage.

At present it is difficult to re-educate or by-pass the installer to make the end user more aware
of the energy saving potential. To enable this to happen there needs to be appropriate
information and other measures introduced by neutral governmental bodies and/or utilities
(such as EU Commission) to push the market towards higher efficiency.

The underlying project will establish the information for such measures, providing as much
factual information as is needed for measures such as e.g. EU energy labels and making
recommendations for their implementation.

The main contractor of the project is the Danish circulator manufacturer Grundfos A/S.
Subcontractors are Van Holsteijn en Kemna BV (VHK), the Netherlands, and the
Environmental Change Institute (ECI), University of Oxford, United Kingdom.

Project start is January 2000. Project end is in April 2001. The project has 4 phases/tasks:
1) Market structure, statistical analysis
2) Technical/economic analysis
3) Impact analysis at various scenario's
4) Communication, recommendations

Detailed descriptions of the task results are given in the following task reports
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 2 MARKET STRUCTURE, STATISTICAL ANALYSIS (TASK 1)

The objective of Task 1 is to describe the EU circulator market in terms of structure and
stakeholders and in terms of existing stock, domestic market (annual sales) and annual energy
(electricity) consumption.

 2.1 Market structure and stakeholders

As simple as the product (the circulator) and its components may seem, its applications are
diverse and often complicated. Circulators in central heating systems appear in a wide variety
of installations, sometimes going beyond the definition of the product group. The same
contradiction between simplicity and complexity also goes for the market stakeholders. The
market is dominated by just two producers with over 90% of circulator production, but
distribution through boiler manufacturers or retail chains is spread out over numerous players,
in a market that has a high intensity of mergers and take-overs and huge national differences.
This aspect made the second subtask, the assessment of market and stock, more complicated.

 2.2 Stock and domestic market of circulators

Demand side analysis provided the basis for estimates regarding stock and domestic market.
The demand side analysis is based upon the number of households with central heating and
further assumptions regarding the presence and use of circulators. The total stock of
circulators is estimated to be circa 87.3 million units (1995). The domestic market (consisting
of replacement sales, sales for newly built dwellings and first-time installations) is estimated
to be 8 to 9 million units annually. Supply side analysis (based upon statistical data for
production, imports and exports of circulators) was used as verification for these conclusions
and resulted in similar figures of 8 to 9 million units. However the production figures of the
two major producers (Grundfos, Wilo-Salmson) suggest a considerable larger market than
suggested by the analysis. The cause of this discrepancy might be due to the wider
interpretation of the scope of the product group, unknown sales to the tertiary sector and some
uncertainties associated with the use of estimates for the number of households with central
heating and the average product life (the latter exerts a large influence on annual replacement
sales).

 2.3 Electricity consumption

In order to enable an estimate of EU electricity consumption of circulators the stock was
further split up according type of central heating, the size of the circulator, circulator type (e.g.
self controlled or not), number of operating hours (depending on type of installation and
climate) and average power input. The total electricity consumption of circulators in
household central heating systems is estimated to be 41 TWh per year, which makes it
comparable to the electricity consumption of household washing machines in the EU.
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 3 TECHNICAL/ECONOMIC ANALYSIS (TASK 2)

The objective of Task 2 is to describe common practice (basecases) and the state-of-the-art
and future options of circulator design (technical analysis) and to describe these options in
terms of energy consumption and associated life cycle costs (economical analysis).

 3.1 Assessment of Basecases

The basecases describe the common (average) circulator providing in a description of a
reference “product” needed for calculating the effect of design options. Two basecases were
defined: The first basecase describes circulators that are controlled (on/off switching) by the
boiler CPU. The second basecase describes circulators that are not controlled by the boiler
(e.g. are turned “on” whole year long or are switched on/off by external devices).

 3.2 Technical design options

For both basecases an inventory of technical design options was made: four options were
considered to be effective and reasonably achievable. These options are:
1. Improved current housing;
2. Speed control;
3. Permanent magnet motors;
4. Seasonal switch.

For all of these four options the effects on average input power, annual operating hours and
(increased) purchase price were assessed. In some cases estimates and assumptions had to be
made. A total of eleven separate (single and combined) design options were identified since
some design options can not be combined with other options.

 3.3 Life Cycle Costs of (Combined) Options

The life cycle costs (LCC) of each of these eleven options were calculated and an example of
a life cycle cost curve is included. These LCC give policy makers a first insight in where the
optimum of energy saving and economical investment lies.

 3.4 Proposal for Energy Labelling of Circulators

The section concludes with a proposal for energy labelling of circulators. This proposal
includes a method of calculating annual energy consumption of circulators in a certain
application. The method takes into account the ETA (circulator efficiency), the average power
input of the circulator and the number of operating hours and establishes a total energy
efficiency score on the basis of the hydraulic power of the circulator (the hydraulic power
represents the performance of the circulator). Finally, an example of a possible energy label
layout for circulators is presented and limitations regarding the use of the label are discussed.
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 4 IMPACT ANALYSIS AT VARIOUS SCENARIOS (TASK 3)

This chapter describes the results of Task 3 “scenario analysis” of the EU SAVE II study on
central heating circulators. Using a stock model an estimate of present and potential future
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 (shown by the theoretical ETP scenario).  Realistic policy measures applied to
the stand-alone pump (label, promotion and minimum efficiency standards) could reduce
consumption dramatically – Scenario 1.
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Figure 1: EU electricity consumption by circulation pumps, RC, ETP, and policy scenarios

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

Table 1: 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
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 5 COMMUNICATION, RECOMMENDATIONS (TASK 4)

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
combination with Member State measures.

 5.1 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 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)
boiler manufacturer 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.

 5.2 Minimum efficiency 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.

 5.3 Workshop

The preliminary result from the project were presented on the joint GERG-SAVE workshop
Electricity consumption of central heating appliances. The minutes of meeting meeting from
the workshop and the slides presented are included in the the final report. The reponses from
the workshop were taking into account when making the recommendations.
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Table of abbreviations

ETA: Circulator efficiency (electric power consumed divided by hydraulic power
delivered)

ETP: Economically justified (to the consumer) and technically feasible (by
manufacturer) potential

LCC: Life Cycle Costs
MEP: minimum efficiency performance standard
RC: Reference Case (“business as ususal scenario”)
CO2 carbon dioxide
1kg carbon = 44/12 kg carbon dioxide
1 tonne of carbon = 1000 kg carbon
1GWh = 1,000,000 kWh
1TWh = 1000 GWh
1 kWh => 0.4 kg CO2

1 kWh => 0.1 Euro


