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SUMMARY

This report describes the results of Task 1 “Market Analysis and Assessment of Energy
Consumption” of the EU SAVE II Study on Central Heating Circulators. 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.

Market structure and stakeholders
As simple as the product (the circulator) and its components may seem, so complicated and
diverse are its applications. 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, not less
complicated.

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
furthe 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 comparison with production
data of two major producers (Grundfos, Wilo-Salmson) showed considerable discrepancy
with these figures. This is probably due to a wider interpretation of the scope of the product
group, unknown sales to the tertiary sector and some uncertainties associated with f.i. 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).

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 (dependant 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 41.0 TWh per year, which makes it
comparable to the electricity consumption of household washing machines in the EU.
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 1 INTRODUCTION

 1.1 Introduction

The report that is presented here deals with task 1, Market Analysis and Energy Consumption
of the EU SAVE II study on circulator pumps (circulators) in household heating systems. The
subtasks of Task 1 are:
1. Qualitative assessment of EU market structure (OEM’s, boiler manufacturers, retailers,

installers, types of buyers, buying process )
2. Quantitative assessment of EU circulator market, subdivided in circulators installed in

new boiler systems and the replacement market for circulators. Also subdivided by
application (type of heating boiler, circulator control system also as a function of heating
boiler control system). Finally an estimate of total annual electricity consumption of
household circulators for central heating in the EU is presented.

 1.2 Approach and Data Sources Task 1

The qualitative assessment of the European market structure and main actors is mainly based
on the combined experience of Grundfos A/S, as a major European CH-circulator supplier,
and VHK as an engineering office with a wide experience in the CH-boiler industry.
Furthermore, the market structure was the subject of the Installed Appliances workshop,
organised by the Netherlands agency for energy and environment Novem, in the beginning of
March 1999. And finally, the information was supplemented by desk-research.

The quantitative assessment of market and energy data has to answer three questions:
§ Installed number of central heating (CH) circulator units;
§ Specific energy requirement of the CH-circulator units (in W);
§ Number of operating hours per unit (in h).

The answer to these questions is often very specific for a country, not only because of the
differences in climate, but mainly because of the different manufacturing and installation
practices for CH-systems in each country.

In order for policy makers to implement the results from the underlying study, it is therefore
necessary to retrieve the information --as much as possible-- on the level of individual
countries.

In this framework, the use of internal administrative data of Grundfos for the underlying task
is limited. Sales figures per country and per circulator type (specific energy requirement) are
not readily available. Rearranging the administrative data for a different aggregation level, if it
were possible from a point of view of confidentiality, is certainly outside the budgetary scope
of this assignment. However, for a number of key countries and subdivided by "small" and
"large" (>250W) circulators, Grundfos was able to supply some sales and stock data which
were very useful.

To complete these market data, VHK had to resort to other sources:
§ Statistics for production, exports and imports from national statistics offices in EU

Member States and from Eurostat;
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§ Literature sources and study reports concerning CH-systems. In this context, the recently
published study 'Lower Carbon Futures' by ECU(UK), Ecofys (NL) and the university of
Cumbria (P) has proven to be very helpful;

§ Additional interviews with CH-boiler manufacturers and other contacts in the CH-
industry.

As for the respective market shares of the stand-alone circulator versus the various available
central heating systems, for some countries this could be derived from market data and in
other instances it had to be estimated.

 1.3 Structure of this report

The structure of this report follows the task description:
1) Qualitative assessment:

a) Market structure;
2) Quantitative assessment:

a) Circulator market (sales and stock);
b) Electricity consumption.
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 2 MARKET STRUCTURE

 2.1 The Product

Circulators are used for circulation of a heat-transfer medium (usually water) through a
heating system that comprises the following elements: a heater (the boiler), a circulator,
piping and heat-emitters (usually radiators).

Figure 1.1: Simplified presentation of the typical installation of a circulator in a CH-system

The figure above is a simplified representation of a standard central heating system layout.
However, central heating based upon district heating or a collective boiler has a different set-
up, especially with regard to the location of the boiler (or heat source).

Given the functional requirements and the required head (H in mWc or m) and flow (Q in l/h)
the typical circulator is:
§ glandless (as opposed to circulators for other media/capacities);
§ centrifugal (as opposed to positive displacement circulators, which have a much higher

hydraulic efficiency but usually have a much lower flow Q);
§ radial (as opposed to axial or mixed centrifugal , which usually have a much lower head

H).

The circulator consists of three component groups:
§ Impeller and Housing. Together they define the hydraulic characteristics of the

circulator. Standard practice of circulator manufacturers is to produce a limited range in
housings ( a costly metal diecast component). Building upon this limited range in
housings a wider range of circulators is produced through variations in applied impeller,
motor or control components. The impeller used to be manufactured from stainless steel
plate (cut, folded, welded), but nowadays most impellers are made from an engineering
plastic (high-pressure diecast);

§ Motor. Exist in various types: Alternating or Direct current types, brushless or not,
capable of single, multiple or variable speed, etc.;

§ Motor Control. The motor control is responsible for speed control and sometimes also
control of the on-off cycle  (like in circulators with day-night operation or a summer
switch). The motor control of a continuously variable speed circulator controls both the
speed and the duration the circulator runs on a certain speed. Circulators that are built into
boilers are usually controlled through the boiler CPU.

fuel

heater
circulator

piping

radiator
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The circulators that are controlled by the central heating boiler are mainly just switched on-
off, depending on:
§ heat demand (the circulator starts running when the burner supplies heat to the system);
§ safety requirements (e.g. running a 1 minute circulator-test to verify the circulator action

before the burner starts to heat the water);
§ efficiency requirements  (e.g. running the circulator for 10 minutes after the burner is

switched off, in order to use the heat in the circulating water effectively);
§ control requirements (e.g. in ch-systems with thermostatic control valves on the

radiators and a boiler temperature control through an outside temperature sensor,
practically continuous circulator action is required to monitor heat demand per radiator).

Boiler-controlled circulators are typically incorporated in the boiler casing and already pre-
installed.

 2.2 The Applications

The typical application of a circulator is a central heating system, but this is not the only
application:
§ There are special circulators for domestic hot water systems (with bronze diecast

housing);
§ Smaller circulators (typically 25/30 W) for thermal solar energy systems. Typically they

circulate the water between the collector and a heat exchanger in a hotwater tank ("solar
boiler").

§ In floor- and wall heating systems smaller circulators are a standard part of the assembly,
circulating the low-temperature water in the plastic tubing in a floor or a wall.

§ In heat pumps which take their cold source not from ambient air but e.g. from a ground
coupled heat exchanger, also circulators are needed. In fact, those heat pump systems
require (at least) two circulators: one for extracting heat through the ground source heat
exchanger and one for the circulation of the heated water through the radiator system.

Especially in so-called low-energy housing it is not unusual to find three or four circulators
per household (for thermal solar energy systems, floor heating, boiler or heat pumps, etc.).

It would be interesting to investigate the evolution of circulators for the applications
mentioned above but in this study we will limit ourselves to the application in central heating
systems.

The efficiency of the heating system and the way the boiler and circulator are controlled have
a large influence on the energy input of the circulator (i.e. the size and operating hours). In
this sense it is functional to distinguish circulators in individual central heating systems by:
§ efficiency of the boiler: conventional (65-75% efficiency), improved efficiency (85%

efficiency) and condensing (93% efficiency) boilers. This has an immediate impact on the
operating hours during periods of heat demanda;

§ boiler control type : central room thermostat (and conventional valves) or a heating
system with thermostatic valves per radiator where the circulator is essential for
monitoring the heat demand per radiator. The latter is usually, but not exclusively, the
case when the central heating boiler temperature is set by an outside temperature sensor
and a modulating burner (“wheather dependent”);

                                                
a Boiler efficiency is not relevant for the energy input in case of district heating systems
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§ circulator control type : stand-alone circulator without control (continuously running),
stand-alone circulator with a switch (running only in heating season), stand-alone
circulator with self-control (feedback through sensors, possibly combined with variable
speed) or circulator integrated in and switched by the CH-boiler;

§ function: combined with water heater function ("combi") or not ("single").

These are the parameters which are directly relevant for the circulator's energy use. There are
also characteristics which may be helpful indirectly in completing the quantitative analysis of
the heating situation per country:

§ “fuel type”: gas, oil, solid (wood, pellets), multi-fuel or electricity. This gives some
indication of the efficiency: gasfired boilers are likely to be more efficient than oilfired
boilers. The local efficiency of electric boilers (not in primary energy, but in kWh electric
used to heat the water) is highest of all (>95%). The efficiency of solid fuel boilers is
typically low (55-65%);

§ installation: floor standing or wall hung. Stand-alone circulators (not integrated in the
boiler) are more typical of floor standing units;

§ proportion of central heating versus other types of heating: no heating (e.g. parts of
Southern Europe), local heating (gas stoves, etc.) versus central heating systems
(individual, collective or district heating). This also indicates the number of households
being served by one circulator (in collective and district heating systems circulators are
shared by multiple households).

In district heating systems, most often the heated water is pumped directly through the
radiator system in the house (“direct-fed” systems). The driving force are large circulators in
pump stations outside the individual houses. However, there is also a smaller part of the
district heating applications (e.g. high temperature) where there is an independent central
heating circuit in the house which is fed (directly or indirectly , through a heat exchanger) by
the district heat. In those cases the energy consumption of the circulator must be attributed to
the single household.

In collective heating systems e.g. in an apartment house or flat, the CH boiler is usually
placed in the basement and uses one or more larger size CH circulators to feed the CH-circuits
(radiators) in the individual apartments.

Naturally, the circulator energy consumption depends directly on the operating hours and
capacity of the heating system, but this in turn depends very much on the heat demand
(outside climate, ventilation and insulation of the building shell, etc.). Per country, in the
framework of energy efficiency promotion there have been in-depth studies of the housing
characteristics. In the underlying study we will supply some of these heat-demand data (e.g.
degree days) to gain a better understanding, but a detailed study of building practice per
country is outside the budgetary framework of the study. Also ongoing SAVE II studies on
Water Heaters (main contractor Novem) and Heating Systems (main contractor BRE) are
expected to shed more light on this.
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 2.3 Manufacturers and distribution

There are two major OEM (Original Equipment Manufacturers) of circulation pumps in
Europe: Grundfos Group and Wilo-Salmson AG . These two enterprises serve virtually all of
the European market, and are active on the global market with facilities in North and South
America and the Far East:
§ The Grundfos Group is a Danish company with factories throughout Europe, a.o. in

Germany and France. Their combined turnover is 7,520 mio DKK/year or EUR 1,010
mio(1). Grundfos produces 8.5 mio circulators a year. Biral (CH) forms part of the
Grundfos Group.

§ Wilo-Salmson AG is based in Germany and has three subsidiaries: Wilo-Werk GmbH in
Dortmund (DE), Salmson in Paris (FR) and Wilo-Salmson Pumps Ltd in Burton-on-Trent
(UK). Their combined turnover is GBP 320 mio/year = EUR 458 mio(2). Wilo produces 5
mio circulators a year.

Most of the circulation pumps for domestic use are sold to producers of central heating boilers
or wholesalers of plumbing equipment. Wholesalers then sell to the installers, e.g. for stand-
alone circulator applications and circulator replacements. Direct sales from circulator
manufacturers to installers are rare. Even more rare are the sales of circulators to retailers like
DIY-chains, which then sell directly to the consumers.

The major multinational manufacturers of boilers for central heating are:
§ Buderus (D, also 'Nefit-Fasto', 'CHV');
§ Vaillant (D), owns Baxi (UK), Hepworth Plc (UK, Hepworth Heating Ltd (UK), Saunier-

Duval (F), Glow Worm, AWB, Protherm);
§ Viessman (D);
§ Bosch Thermotechnik (D, also 'Junkers', 'Radson', 'Worcester', 'Vulcano', etc.);
§ Chaffotaux & Maury (F) ;
§ Ferroli (I, also 'AGPO' as NL agent);
§ Riello Group (Iaber/Riello, I).

The internationalisation of the CH-boiler manufacturers through take-overs and mergers has
started some 10-15 years ago but is still not as widespread as in other sectors (whitegoods,
computers, etc.). Consequently there are still quite a few large manufacturers of CH boilers
that mainly operate on a national scale, e.g.

§ De Detrich Thermique (F);
§ Caradon Ideal (UK);
§ Blue Circle Heating (UK, owns Baxi, Potterton, Myson, Enertec);
§ ATAG (NL);
§ Intergas (NL, Eurometal group);
§ Immergas (I);
§ MTS (I);
§ Ocean Idroclima (I, owns Baxi Spa, HS Tarm, Brotje, CICH);
§ Fagor (E);
§ Roca (E);
§ Bentone, NIBE, Oy Jäspi (all Scandinavia);
§ Hoval (LI/CH);
§ Windhager, Rendl (all AU);
§ Thermostahl (G).
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And finally there still is a considerable number of installers which assembles a boiler on the
spot from individual components (burner, circulator, valves, piping, thermostats, etc.).

 2.4 Standards and tests

The following table presents an overview of standards and tests relevant for circulators.

Table 2.1: Standards and tests
1. EN 1151:1999

Pumps - Rotodynamic pumps - Circulator pumps having an electrical effect not exceeding 200 W for heating
installations and domestic hot water installations - Requirements, testing, marking

2. LVD (Low Voltage Directive: 73/23/EEC)
EN 60 034-1: Rotating electrical machines. Rating and performance.
EN 60 335-1: Safety of household and similar electrical appliances: General requirements
EN 60335-2-51:1997 Particular requirements for stationary circulator pumps for heating and service water
installations
EN 50 178: Electronic equipment for use in power installations.

3. MD (Machinery Directive: 89/392/EEC)
EN 292-1: Safety of machines. Basic terms, general principles for projecting, construction and design. Part 1:
Basic terminology, methodology.

4. EMC (EMC Directive: 89/336/EEC)
EN 61 800-3: Adjustable speed electrical power drive systems. Part 3: EMC product standard including
specific test methods.
EN 50 082-1 en EN 50 081-1

5. DIN 4704 ‘Normalzustand’
6. Radio noise filter to VDE 0875
7. Terminal box and motor-pump tested in accordance with VDE 0700
8. Heating system performance according VDI 3808 oder VDI 2067
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 3 CIRCULATOR MARKET

 3.1 Introduction

This chapter aims to provide insight in the number of circulators installed (‘stock’) and sold
anually (‘domestic market’) using a twofold approach.

The first approach is through demand side analysis. By assessment of the total number of
households with central heating systems we can make assumptions about the total number of
circulators. One initial assumption we will make is that the installation of one central heating
system in a household represents installation of one circulation pumpb. At a later stage we will
try to differentiate between collective and individual heating systems.

The second approach is of course to look directly at the statistical data for production, imports
and exports of circulators.

Combined these two approaches should provide some reliable estimates of the stock and
market demand for circulators.

 3.2 Demand side analysis

 3.2.1 Approach demand side analysis

The stock of circulators is made up of the number of households with central heating,
including the households that are connected or supplied by district or collective heating.

Data regarding the number of households with central heating per type of system (individual,
collective or district) is assembled using literature and expert interviews.

 3.2.2 Stock

The table below gives the relevant data from European statistics for the housing stock.

Table 3.1 Estimate  of number of central heating systems
country population households 3 % central heating4 hh with ch

Austria 8,087,000 3,228,000 0.82 2,646,960
Belgium 10,192,000 4,128,000 0.85 3,508,800

Denmark 5,300,000 2,400,000 0.91 2,186,400
Germany 82,000,000 37,600,000 0.81 30,531,200
Finland 5,160,000 2,250,000 0.93 2,090,250

France 58,300,000 23,700,000 0.82 19,386,600
Ireland 3,705,000 1,220,000 0.72 878,400
Italy 57,613,000 20,533,000 0.80 16,446,933

Netherlands 15,760,000 6,760,000 0.88 5,948,800
Portugal 9,970,000 3,320,000 0.10 332,000
Spain 39,800,000 12,900,000 0.29 3,741,000

Sweden 8,850,000 4,100,000 1.00 4,100,000
UK 57,500,000 23,900,000 0.89 21,151,500

                                                
b This is not entirely true for all households f.i. connected to certain district heating systems. As
explained earlier some systems require an independent local circulator to transport the heat througout
the house. The heat however is transported from the plant to the household by large circulators in the
district heating circuit. Also households with floor heatings systems or solar boilers etc. have more than
one circulator installed.
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Luxemburg 407,000 145,000 0.85 123,250

Greece 10,443,000 3,203,000 0.10 320,300

EU15 373,087,000 149,387,000 113,392,393

Although data about the total number of dwellings does exist, this was not taken as basis
because the available data on dwellings does not provide a clear discrimination between
dwellings that are permanently or just occasionally occupied. The definition of “dwelling”
varies throughout countries and might (or might not) include holiday-houses, motorhomes,
caravans, boats, etc. The usual definition of ‘household’ concerns ‘the same address’ and or
sharing common arrangements such as meals and rent.

Table 3.1 shows that in 1995 approximately 113.4 million EU households (75%) on a total of
149.4 million had a house with a central heating system. This means that circa 36 million
households either had local heating or no heating system. Households with central heating are
split up between households with an individual central heating system, a collective heating
system or supplied with district heating.

District heating
Data provided by experts4 (checked against statistics from energy utilitie s5) show that in 1998-
1999 roughly 11 million households were connected to district heating. Most of these systems
do not require a CH-circulator in the house, but some of them -specifically the higher
temperature DH-systems- do have a regulating unit with its own circulator inside the house.
Exact figures could not be traced, but from interviews it is estimated that roughly one out of
ten households connected to DH-systems have a circulator pump (1.1 million households).

Collective heating
Furthermore, housing statistics indicate that some 40 % of the EU residential sector are
apartment buildings/flats. Although this certainly does not exclude the presence of individual
CH-systemsc, a significant part of these dwellings will have a central CH-boiler with one or
more relatively large circulators to serve the individual apartments (“collective system”). Data
provided by experts4 show that in 1998-1999 approximately 18 million households (circa 12%
of the total of households in the EU) use a collective heating system. VHK estimates that circa
one in ten households also have an individual circulator (1.8 million).

The remainder of the stock, some 84 million households, will consist of households with
individual heating systems with an individual circulator.

Table 3.2: Circulators installed ('stock') in the EU residential sector, 1998-1999 [VHK 2000]

Heating system No. of households
per type of heating

HH with ind.
circulator (<250W )

circulators <250W
(units)

HH connected to large
circulators  (>250W)

circulators
>250W (units)d

in millions in millions in millions in millions in millions

No heating or only local heating 36

District heating 11 11 0.11

District heating with individual circulator 1.1 1.1

Collective heating 18 18 0.18
Collective heating with individual
circulator

1.8 1.8

Individual Central Heating systems 84 84 84

Total 149 87 87 29 0.29

                                                
c In fact there is a trend to use wall-hung CH-boilers per apartment, instead of a central boiler facility. In Germany
there are collective heating systems, where per apartment there still is a regulating unit which contains a circulator for
the internal loop. In Italy most new flats have individual boilers.
d Estimate: 1 pump per 100 dwellings (VHK 2001).
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Total stock
The total stock of circulators for central heating purposes  is expected to be close to 87 million
units of small (< 250 W) circulators and some 290.000 units of large (> 250W) circulators.

Not included in this assessment are circulators used in solar heating systems, floor and wall
heating systems, (ground coupled) heat pumps, cooling or airconditioning equipment, etc.
VHK estimates an additional 1 million circulatorse for solar heating and an additional 3
million circulators for wall-, floor heating and heat pumps. Including these subgroups the total
stock of circulators for heating ends up close to 91 million circulators.

 3.2.3 Domestic market

The annual sales or “domestic market” for circulators (households with central heating boilers
or supplied with heat) is made up of:
1. newly built dwellings: this group represents the number of newly build dwellings

(“completed”) that have central heating installed;
2. first-time installations: this group represents sales of boilers for existing dwellings that

were not fitted with a central heating boiler before and have a central heating system fitted
in for the first time, f.i. to replace local heating or no heating facilities;

3. replacements: this group represents sales of existing boilers (circulators) at the end of life
or for repair.

The first group (newly built) can be derived from annual production statistics of each country,
taking into consideration the percentage of the dwellings that are fitted with central heating.
The second and third group (first time installation and replacements) can be derived from the
annual sales data of boilers minus the (estimated) number of boilers that have been installed in
newly build dwellings.  Furthermore, replacement sales can be calculated using a stock model
and assuming an estimated product life of the CH-boiler. For mature markets this can be done
without a large error assuming that, with a product life of the boiler of 20 years,
approximately 1/20 of the stock will be replaced. However, with recent growth markets like
Spain, the stock model would have to trace back sales from the very first beginning.

Newly built dwellings
Table 3.3  provides the relevant figures for the newly built dwellings (“completions”) in the
EU. Using CH-system ownership figures from the stock (table 3.1) an estimate is made of the
CH-systems installed in these new houses. For some countries, where the popularity of the
CH-systems is on the rise for new buildings this may not be completely correct, but it is
accurate enough for a first estimate.

Table 3.3. Newly built and first-time installations
country households completions 3 % ch compl. with ch first-time install.

Austria 3,228,000 57,500 0.82 47,150 9,430

Belgium 4,128,000 38,000 0.85 32,300 6,460

Denmark 2,400,000 17,200 0.91 15,669 3,133

Germany 37,600,000 433,000 0.81 351,596 70,319

Finland 2,250,000 30,000 0.93 27,870 5,574

France 23,700,000 285,000 0.82 233,130 46,626

Ireland 1,220,000 42,300 0.72 30,456 6,091

                                                
e Not all solar heating systems have a circulator pump. A considerable amount works with natural convection. Others
do have pumps, but are powered by PV-panels and are not taken into account here.
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country households completions 3 % ch compl. with ch first-time install.

Italy 20,533,000 172,000 0.80 137,772 27,554

Netherlands 6,760,000 90,500 0.88 79,640 15,928

Portugal 3,320,000 89,700 0.10 8,970 1,794

Spain 12,900,000 275,000 0.29 79,750 15,950

Sweden 4,100,000 11,500 1.00 11,500 2,300

UK 23,900,000 169,000 0.89 149,565 29,913

Luxemburg 145,000 3,000 0.85 2,550 510

Greece 3,203,000 81,000 0.10 8,100 1,620

EU15 149,387,000 1,794,700 1,216,018 243,203

For newly built homes, the proportion of district heating systems (large circulator pumps) is
higher than for the stock. This is true for e.g. Denmark, the Netherlands and Germany.  On the
other hand there is a trend, particularly in Northern Europe, not to build big apartment
buildings, but smaller multi-family houses with preferably not a central CH-boiler but
individual heating systems. Also the proportion of floor heating and solar heating in newly
built homes is higher than in the stock.

For the sake of this estimate, we assume that these trends more or less compensate each other
and that the 1.2 new EU homes are responsible for the sales of 1.2 million small circulation
pumps and a few 100,000 larger circulators.

First-time installations
For first-time installations (structural renovations) where the heating system is changed the
data is highly fragmented. For the Netherlands statistics show that the structural renovations
are some 20% of the newly built houses. If we take this percentage for the whole of Europe,
renovations cause a demand of some 0.24 million units annually (see table 3.3).

Replacement sales
There is no perfect match between the CH-boiler data and circulator sales, because we do not
know how many circulators are replaced during repairs of the existing CH boilers. This could
be derived through an estimated number of circulator replacements over the product life of a
boiler. The Milieumaten study6 estimates that in the first 10 years of boiler-life less than 1 out
of 1000 circulators needs replacement. However, towards the end of a 20 year boiler life it is
estimated that roughly half of the circulators is replaced before the boiler is replaced.
Statistically speaking, although the technical circulator-life is longer, this means an average
product life of the circulator in integrated systems of approx. 13 years (at a boiler-life of 20
years).

Taking the statistical average of 13 years circulator-life for smaller circulators and 20 years
circulator-life for larger circulators for a stock of 87.3 million circulators (table 3.2), the
replacement sales should be in the order of magnitude of  6.5 to 7 million circulator units
annually for the EU residential sector. Some 4.5 to 5 million units are a consequence of boiler
replacement and 2 million units are a consequence of repairs.

Conclusions Domestic Market
From the demand side analysis we conclude a domestic market size of roughly 8 to 8.5
million units annually for the EU residential sector. Table 3.4 presents the split-up.
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Table 3.4 Circulator market 1998 for EU residential sector
Market Circulators (mio units)

Newly built dwellings 1,2
Renovations 0,2

Boiler replacements 4,5 - 5
Circulator repairs 2

Total 8 - 8.5

 3.3 Supply side analysis (EU Production)

 3.3.1 Approach Supply Side Analysis

In the supply side analysis we are looking for confirmation and more details of the results
from the demand side analysis. Data sources here are production, exports and imports
statistics from public sources, which are then combined to check consistency and provide a
insight in national consumption of circulators per EU Member State.
As a final check, the data are compared with the data supplied by the Grundfos market
research department.

 3.3.2 Production statistics

The following tables supply relevant information from Eurostat (Prodcom) regarding the
production of first boilers and then circulators. For  both products we will supply figures in
physical units. Tables specifying the value in Euro are also available but not published here,
as they are very difficult to interpret in terms of actual trade.

Figures in bold italic are VHK estimates based on manufacturer interviews and research of
manufacturer's annual reports.

Table 3.5: Production of boilers (units)7

“Boilers” as in PRODCOM nrs. 28.22.12.00, -03, -05 and -07: “boilers for central heating (00), using gas (03), fuel (05)
or other types of energy (07)”
units 1995 1996 1997 1998

be 143,493 146,148 147,713 153,529

dk 13,322 16,998 17,442 15,456
de 900,000 800,000 800,000 800,000
gr 16,660 17,840 16,870 16,870

es 54,327 64,892 68,703 111,552
f r 650,158 855,078 888,821 858,755
ie 5,000 5,000 5,000 5,000

it 1030,686 1435,855 1549,620 1608,025
lu 0,000 0,000 0,000 0,000
nl 255,500 293,500 352,000 357,800

at 55,033 63,175 58,516 67,106
pt 1,185 1,400 1,800 2,174
f i 13,000 13,000 13,550 14,000

se 30,000 31,002 32,335 34,688
uk 902,856 947,264 1071,003 972,852

total 4071,220 4791,152 5023,373 5017,807

The reliability of these data, even if they are from Eurostat, should not be overrated. For
confidentiality reasons, companies are often allowed to report to the statistics office with a 3
year delay. Sometimes, as is the case with Germany, figures are not published at all.
Nevertheless, a production level of 5 million boilers is slightly lower than the figures
mentioned in the demand side analysis (4.5 to 5 million replacement sales + 1.2 million newly



Final Report SAVE II Circulators Task 1 | VHK for Grundfos A/S | 5 May 2001 | 19

built + 0.3 million large renovations, see table 3.4). This might be a sign that actual boiler life
is somewhat longer than 20 years.

Table 3.6: Production of glandless impeller pumps (units)7

“Pumps” as in PRODCOM nrs. 29.12.24.17: “glandless impeller pumps for heating systems and warm water supply”

units 1995 1996 1997 1998

be

dk 2477,369 2470,829 2840,736 2717,683
de
gr

es ? ? 3,848 1,709
f r 4226,415 4813,568 5405,562 5274,054
ie

it 212,675 695,145 731,988 691,607
lu
nl

at
pt
f i

se ? ? 93,503 ?
uk ? ? ? 910,075

total ? ? ? 9595,128

For quite a few years production figures for certain countries are lacking. Data for 1998 are
deemed most reliable for the mid 1990's. This means a circulator production of  roughly 9.6
million units annually in the EU. “Production” however is not equal to annual consumption
(the domestic market). Circulators are imported and exported as units and fitted in boilers.
Therefore we must look at the import/export figures as well.

As a point of information: The declared unit value for circulators from Denmark was 37
Euro/unit. For France this was 34 Euro/unit. Both countries produce typically small circulators
from mass production.

 3.3.3 Imports/Exports

Eurostat keeps track of imports and exports per product type by EU Member States. These
figures are based on customs-declarations, gathered by national statistics offices. Generally
speaking, the figures should be regarded with some reservations as they are subject to errors in
declarations, definition and interpretation by exporters, customs and national statistics offices.
An error margin of plus or minus 10 to 20% is not unusual.

For instance, for circulator pumps (HS nrs. 8413.70.3: “glandless impeller pumps for heating
systems and warm water supply”) VHK has found considerable differences between the
input/output tables which can be derived from imports and those which are derived from
exports. The latter are believed to be (more) accurate and presented here.

As in the previous section VHK has selected only figures based on physical parameters. In
this case the original Eurostat figures are in metric tonnes of product weight, whereas we are
interested in unit shipments. Given that the average product weight of small circulators, which
are by far the majority of shipments (>95%) is around 2.5 kg, we have used a factor 2.5/1000
to give an impression of unit shipments involved.
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Table 3.7: Import / export of glandless impeller pumps 7

Period : 98-52   Product : 84137030 (glandless impeller pumps for heating systems)
Units : Metric Tons/2.5 (equals approx. 1,000 units)  Flow : Expeditions/Export  Statistical procedures : SP4

Export (FROM)
Import
(TO)

F B & L NL D I UK IRE DK G P E S FIN AU INTRA
EUR15

EXTRA
EUR15

TOTAL
IN

F 0 0 2 852 63 54 0 269 8 0 35 4 0 0 1286 7 1293
B & L 321 0 4 131 50 8 0 9 0 0 0 0 0 0 523 9 532
NL 219 0 0 97 33 167 0 58 0 0 0 2 0 0 576 78 654

D 1753 6 7 0 167 170 149 1603 0 0 0 2 0 8 3864 608 4472
I 2416 0 0 171 0 90 0 89 0 0 0 3 0 0 2769 47 2816
UK 192 0 0 297 29 0 0 148 0 0 0 1 0 0 667 124 791

IRE 21 0 0 35 0 63 0 1 0 0 0 0 0 0 120 2 122
DK 0 0 0 280 6 16 0 0 0 0 2 4 1 0 310 0 310
G 67 0 0 170 16 1 0 3 0 0 0 0 0 0 258 14 272

P 23 0 0 100 3 0 0 3 0 0 28 0 0 0 158 2 160
E 489 0 0 50 60 8 0 13 0 0 0 33 0 0 653 87 740
S 50 0 0 88 14 16 0 172 0 0 0 0 0 0 340 3 343

FIN 2 0 0 3 1 2 0 81 0 0 0 17 0 0 106 2 108
AU 71 0 0 330 3 0 0 1 0 0 0 4 0 0 408 26 434
INTRA
EUR15

5624 6 14 2603 444 594 150 2449 8 0 67 70 1 8 12040 1009 13049

EXTRA
EUR15

498 0 3 1248 56 67 0 196 25 0 9 20 14 10 2145

TOTAL
OUT

6122 7 17 3851 500 661 150 2646 32 0 76 90 15 18 14185
-1136
trade

surplus

The table shows the importance of France and Denmark as producing countries and the
importance of Germany as a re-distributor of pumps. And it shows the role of Italy as a major
boiler producer/pump importer. Most striking in table 3.7, however, is the total number of
deliveries of 14 million units, which exceeds the pump production (9.5 million units) by
almost 50%. This means, that a large number of pumps has been imported and -in the same
year- exported. This large throughput of pumps seems to influence the credibility of the
figures especially for the German domestic market.

If we combine the imports and exports figures with the production figures, the inaccuracy of
the source is shown clearly (see Table 3.8 in the next paragraph).

 3.3.4 Apparent consumption (market) from Eurostat figures

The table below shows the apparent consumption (domestic market) calculated from the
Eurostat figures using the following formula:

“consumption (domestic market) = production (sold - for sale) + (imports - exports = trade balance)”.
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Table 3.8: Calculated annual market (consumption) of circulator pumps 7 (1998)
Country Production Imports Exports Trade Balance Calculated Consumption

(1,000 units)
F 5274 1293 6122 -4829 445
B & L 532 7 525 525

NL 654 17 637 637
D 4472 3851 622 622
I 691 2816 500 2317 3008

UK 910 791 661 130 1040
IRE 122 150 -28 -28
DK 2718 310 2646 -2336 382

G 272 32 240 240
P 160 0 160 160
E 2 740 76 663 665

S 93 343 90 253 346
FIN 108 15 93 93
AU 434 18 416 416

Total 9688 13049 14185 -1136 8552

Please note, that the calculated EU circulator pump market of 8.5 million units is not far from
the calculated market from the demand side analysis (8 to 8.5 million in table 3.4).

However, in order to check the validity of the apparent consumption figures per country we
will take the case study of one country, the Netherlands, where more data is readily available.

Case study: The Netherlands

Table 3.9: Total dwellings (single + multi-dwelling, in millions) 8

1993 1994 1995 1996 1997 1998

The Netherlands 6.12 6.19 6.28 6.36 6.44 6.52
with individual CH system

In the Netherlands 350.000 boilers for central heating were sold (ranging from <30kW to
>120kW), close to 30% being high-efficiency boilers and almost all being wall-mounted
(instead of free standing cast iron units). [industriemonitor CBS, 1998/6]

Table 3.10: Power range and efficiency of CH-boilers sold 19979

Power range Units sold (1997) VR + conv. HR

<30kW 265,000

30-60kW 80,000
60-120kW 1,100
>120kW 4,000

Total 350,000 69% 31%

The installed stock of heat pumps in residential applications accounts for approximately 1,600
to 1,700 units, most of them (five out of six) being heat pump water heaters.  Market demand
of circulators for heat pump systems, floor heating systems, solar heating systems, district
heating regulating units (10% with its own circulator), etc. is not expected to exceed 10% of
the boiler market. Not counting the repairs of boilers where circulators are replaced, the
circulator market in the Netherlands can easily be estimated at around 385,000 to 400,000
units annually, because the trade balance for CH-boilers is practically zero (exports equal
imports). Also the market for stand-alone circulator applications, i.e. not integrated in a
heating boiler, is negligible.
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If we use the multiplier of circulator demand for repairs versus the other types of demand (2
versus 6, see paragraph 3.2.4), than the total demand for circulator pumps can be estimated at
around 510,000 to 530,000 units annually. When we compare this outcome from more reliable
and detailed sources with the calculated market using Eurostat (for NL 637,000 units), there is
a difference of -20%.

 3.4 Comparison with Grundfos data, conclusions

The market research department inside Grundfos has made an estimate of the European
market for circulation pumps (residential and commercial) and estimates a total size of 10
million smaller units (<250W) for the EU markets they serve.  The German market is
estimated as being the largest (3 mln.), followed by Italy (2 mln.), France (1.4 mln.), the UK
(1.4 mln.). Smaller markets are the Netherlands (470,000), Denmark (103,000) and Sweden
(84,000). The 'Rest of Europe' is estimated at some 1.8 mln. units per year.  Although most of
these figures are in line with the analysis shown earlierf, the estimated market size of the
German market is significantly higher.

In any case, from the analyses in this chapter, a number of conclusions can be drawn:

§ EU production of circulator pumps is estimated to be around 9.5 million units/year in
1995 and may presently exceed the level of 10 million units/year.  Of this production
more than 1 million units is exported to countries outside the EU and 8 to 8.5 million is
destined for the EU market.

§ Market leaders are Grundfos and WILO Salmson. Main production countries for the
smaller circulation pumps are France (5.2 million) and  Denmark (2.7 million), followed
by the UK (0.9 million), Italy (0.6 million) and Sweden (0.09 million) with a total of 9.5
million.

§ For the subdivision of installed stock and the sales of the circulator pumps per country,
the demand side analysis provides a more accurate and more plausible result than the
information from public sources for the supply side (production, trade).  Based on this
demand side analysis it is possible to make the following assessment of the stock and
sales per country.

Table 3.11: Estimated s tock and sales circulator pumps EU 1995 [VHK 2000]
Country Housing stock  Circulator pump stock Circulator pump market

No. of
households

Households
with CH

small
(<250 W)

large
(>250 W)g

total stock
circulators

Boilers in
New built
homes

Boilers in
Reno-
vations h

Boiler
Replace-
ment

Circulator
repairs

Total
market

(*1,000) (*1,000) (*1,000) (*1,000) (*1,000) (*1,000) (*1,000) (*1,000) (*1,000) (*1,000)
AU 3,228 2,647 2,022 7 2,029 47 9 102 51 209

B 4,128 3,509 3,100 5 3,105 32 6 155 78 272
DK 2,400 2,186 1,009 13 1,022 16 3 51 26 96
DE 37,600 30,531 22,173 93 22,266 352 70 1,115 557 2,096

FIN 2,250 2,090 1,116 11 1,127 28 6 56 28 118
F 23,700 19,387 15,099 48 15,147 233 47 758 379 1,419
IRL 1,220 878 856 0 857 30 6 43 21 101

I 20,533 16,447 11,439 56 11,495 138 28 576 288 1,030
NL 6,760 5,949 5,219 8 5,227 80 16 262 131 489

                                                
f Considering the high market penetration of District Heating systems and local heaters in Scandinavia.
And also considering that some of the smaller circulators are used in commercial applications.
g Estimated: 1 large circulator per 100 households.
h Estimated: 20 % of newly built dwellings.



Final Report SAVE II Circulators Task 1 | VHK for Grundfos A/S | 5 May 2001 | 23

P 3,320 332 332 0 332 9 2 17 8 36

ES 12,900 3,741 3,277 5 3,282 80 16 164 82 342
SV 4,100 4,100 2,314 20 2,334 12 2 117 58 189
UK 57,500 21,152 18,678 27 18,705 150 30 937 468 1,586

LUX 145 123 109 0 109 3 1 5 3 11
EL 3,203 320 320 0 320 8 2 16 8 34

Total 149,400 113,392 87,064 293 87,356 1,217 243 4,374 2,187 8,027

Grundfos currently produces approximately eight million ”small” (<90W) circulators per year
and Wilo-Salmson is believed to produce approximately 5 million of these circulators per
year. The combined figures of 13 million show a considerable “gap” with the estimates based
on the information and literature available. There are several explanations possible that might
contribute to the width of this gap:

- Product group definition: The assessment of stock only considers circulators in central
heating systems (primary loops). Circulators for floor heating, heat pumps (in the ground
coupled heat exchanger circuit), solar boilers, domestic hot water circulation,
airconditioning and circulators used in the tertiary and industrial sector were not included
in the assessment for practical reasons. The Grundfos (and Wilo-Salmson) total
production figures however include circulators for these purposes. Especially the tertiary
and industrial sector may account for a large part of the gap between production figures
(15 million) and estimated market (8-9 million).

- Some combined boilers are equipped with more than one circulator. The percentage of
these boilers in total stock is not known.

- Number of replacement sales: The calculations in paragraph 3.2.3 present repair and
replacement sales per year of respectively 2.2 and 4.3 million circulators. These figures
are based upon an apparant stock of 87.3 million circulators and the assumption that each
circulator has a product life of 20 years and each boiler a product life of 13 years.
However if shorter product life for boiler are used the market (annual sales) increases
considerably: If boiler life is 15 years and 50% of them have the circulator replaced
during this product life then the average product life of a circulator is 10 years. The stock
of 87.3 should then deliver a market of 8.7 million circulators per year, of which 5.8 are
caused by boiler replacement and 2.9 by circulator repairs.

- Percentage of households with central heating: The percentage of central heating per
country has a significant influence on the stock and market estimates of circulators.

- Exports outside the EU: A certain percentage of the EU production of circulators are
exported outside the EU. Table 3.7 already showed a trade surplus of more than 1 million
circulators.

- Reference year: most of the data are considered to be representing the situation in mid
nineties (say 1995 on average). The market has grown since then.
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 4 ELECTRICITY CONSUMPTION OF CIRCULATORS

 4.1 Introduction

This chapter aims to provide insight in the electricity consumption of the installed base
(‘stock’) of circulation pumps. At the same time more insight will be given in the
characteristics of the stock (split-up according size, control type, operating hours, etc).

In order to finally arrive at an estimate of annual electricity consumed by the stock of
circulators one must multiply average power input by applicable operating hours for all of the
stock. The following chapters respectively define the power input and the operating hours of
stock.

 4.2 Approach Energy Consumption

The approach is based upon a combined demand (e.g. number of households) and supply side
(e.g share of E-controlled circulators) analysis. The starting point of the calculation is the total
number of households from which we arrive at total number of units and corresponding
operating hours and power input (Watts) by applying estimates on:
1. type of central heating (individual, collective or district);
2. number of extra -individual- circulators in households with collective or district heating;
3. split up according circulator size (< 90 W, 90-250 W, >250 W);
4. type of control (stand alone, wall hung or E-controlled);
5. average power input according size of circulator;
6. annual operating hours (based upon degree days, type of control including share of

circulators with summer switch);

This combined approach provides estimates of the total annual electricity consumption of the
stock of circulators in the range up to 250 W.

For reasons of better understanding of the energy consumption of the total stock of circulators
a calculation for the “large” circulators (> 250 W) has been added. For this calculation
estimates have been made for available power input of circulator per household.

Table 1 of Annex 1 provides an overview of the calculations and estimates needed for arriving
at total annual electricity consumption of circulators in households.

 4.3 Split-up according type of central heating and size of circulator

Table 3.2 present an overview of households per type of heating and the number of circulators
associated with those households. For the individual circulators Grundfos provided data
enabling a split-up according size of circulator for several countries and regions in the EU.
VHK assumed all individual circulators in either district or collective systems to be < 90 W.
This excercise resulted in four classes of circulators:
1. district (< 90 W);
2. collective (< 90 W);
3. individual (< 90 W);
4. individual (90-250 W).
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Table 1 in Annex 1 provides a more detailed overview of the number of circulators according
size (<90W or 90-250W).

 4.4 Split-up according on-off control and operating hours

In order to be able to estimate the number of operating hours of the circulators, the first
important distiction is between the type of on-off control of the circulator. One can
distinguish:
§ Circulators connected to stand-alone boilers, which are linked to the boiler by external

devices or not at all;
§ Circulators controlled by and usually integrated in (wall hung) boiler;
§ E-controlled circulators (which are at the moment virtually only present in stand alone

systems, however recently wall hung boilers have been introduced with modulating
circulators).

 4.4.1 Stand-alone circulators

In the case of stand-alone boilers (typically floor standing boilers) usually the installer has a
large say in the whole boiler configuration and lay-out. This occurs more frequently in
Germany and Austria. With the rising popularity of the compact wall-hung boilers, the market
for these stand-alone circulator applications is strongly diminishing. At present, floor standing
boilers (many of which already have the circulator integrated in the boiler casing)  have a
market share of 40% in Germany and this is said to diminish to just over 30% in a few years.
The stock of floor standing boilers is still considerable (55-60%), but with the new
replacement law (DIMSCH) in Germany, to be implemented in 2004 and requiring boilers
older than 27 years to be replaced if they don't meet minimum efficiency standards, also the
stock of floor standing boilers with stand-alone circulators is expected to diminish rapidly as
they are replaced mostly with the cheaper and more efficient wall hung types.
At present, the German (and Austrian/Belgian) stock of stand-alone circulators is therefore
estimated at 60% in 1995, to be diminished to 20-30% in the next decade.

In other countries the stand-alone circulator (even though it may be incorporated in the boiler
casing) is typical of  CH-boiler systems older than 1980-1985.  This may be still some 20-
30% of the stock.

The operating hours of a stand-alone circulator depend entirely on its own control system. In
many cases there is no control system and the circulator simply runs continuously all year
round (8760 hours per year). Due to government and utility promotion action, a number of
circulators have been equipped with a circulator switch, which is basically a timer device
turning off the circulator during the heating season and taking care of a short period of weekly
circulator-action during the off-season (to avoid the circulator being blocked).

 4.4.2 Circulators controlled by boiler CPU

Most modern boilers sold in the last decade have a circulator controlled by the boiler-CPU.
This especially true for modern wall-hung units. Basically the control is of an on-off type (no
variable speed) and linked to
§ the heat demand, which is determined by house insulation, climate and boiler efficiency,
§ safety considerations (1 minute test-run before burner starts);
§ efficiency considerations (10 minutes post-run, after burner switch-off, to distribute the

heat effectively; during summer period weekly test run to avoid circulator blockage)
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§ functionality (for combi-boilers, warm water heat-up requires approximately 200 hours
circulator action per year);

§ heating control requirements (heating systems with thermostatic valves and no central
room-thermostat require continuous action in the heating season. Post-run time is then set
at 24h; meaning continuous action; this is particularly true for very ,modern CH-boiler
systems working with outside thermostats to control boiler temperature and thermostatic
valves determining heating requirement per room).

A certain percentage of wall-hung boilers are operated in weather dependant mode and thus
have circulators that run continuously during the heating season. For the sake of this
assessment this percentage is estimated at 10% of stock of circulators in wall-hung systems
(with no E-controlled circulators).

 4.4.3 E-controlled circulators

Finally there is a small proportion of the circulators which have their own more sophisticated
control, equipped with sensors for pressure difference, temperature or torque on the basis of
which the speed of the circulator is controlled.

This type of control is quite common for stand-alone boilers with large circulators where there
is a professional buyer looking at the economic payback time of such an investment (E-
controlled circulators form up to 25-30% of market in SV, DK and DE). For the smaller
circulators it is just starting (market 1 to 6% of total sales, depending on the country).

The power input of a typical small circulator varies between 65W at highest speed and 35 W
at lowest speed. The table below shows the typical load profile profile for a circulator in the
Danish climate zone: The 8760 full-time hours in the 35-65 W power range, can be expressed
as the equivalent of 4008 hours at full-power (65W). Compared to other pumps that run
continously the E-controlled pump provides in roughly 50% energy saving.

Table. 4.1i:  Equivalent operating hours of E-controlled circulators
Flow Q [%] Time t [%] equivalent full-time hrs.

100 6 525.5

75 15 985.5

50 35 1533

25 44 963.6

4007.7

With a circulator switch for the heating season (meaning at 20% requirement the circulator is
switched off), the full time hours could be reduced to 4.900 hours, which comes close to the
energy requirement in a boiler-switched circulator. The combination of a circulator switch and
E-controlled circulator is however rarely seen.

Conclusions:
1. Stand alone: 90% has no switch whatsoever (runs whole year long), 10 % uses summer

switch (runs during heating season only);

                                                
i In the light of the German “Blaue Engel” labelling excercise Grundfos has harmonised its load profiles
with Wilo-Salmson. This profile is at the moment undergoing verification, but will most likely be the
common profile which will be used by all pump manufacturers.
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2. Wall hung boiler: 90% is turned on-off by boiler CPU (runs at boiler runtime, plus pre-
and post runtime), 10% runs weather dependant (runs during whole heating season);

3. E-controlled: 100% operates whole year long (8760 hrs), but with variable power input.
The equivalent operating hours on full power are roughly half of the actual runtime (say
50% on full power, for DK 4007.7 hrs, other countries according ratio degree hours).

 4.4.4 Operating hours

The operating hours of a circulator depend on the climatic zone of the Member State. The
climate zones (expressed in degree hours) and the degree of insulation of the house determine
the length of the heating season and thus the number of operating hours for stand-alone, wall
hung and (equivalent runtime for) E-controlled circulators.

An overview of degree days (in hours) per country is given below 10. Based on the ratio
between degree days and known country figures of heating season (NL), operating hours of
boilers (NL) and equivalent runtime (DK) an estimate was made for the heating season,
operating hours of boilers and equivalent runtime of other EU countries.

Table 4.2: Operating hours for various types of control per country
country degree days heating season hours

(ratio*degree days)
operating hours boiler controlled
(ratio*degree days)

equivalent hours E-controlled
(ratio*degree days)

NL ratio 1.41 NL ratio 0.95 DK ratio 1.26
Austria 4068 5,730 3,858 5,109
Belgium 3259 4,590 3,091 4,093
Denmark 3191 4,494 3,027 4,008
Germany 3845 5,415 3,647 4,829
Finland 5978 8,420 5,670 7,508
France 2850 4,014 2,703 3,579
Ireland 2979 4,196 2,825 3,741
Italy 2234 3,146 2,119 2,806
Netherlands 3550 5,000 3,367 4,459
Portugal 1800 2,535 1,707 2,261
Spain 1600 2,254 1,518 2,010
Sweden 4355 6,134 4,131 5,470
UK 3210 4,521 3,045 4,032
Luxemburg 3259 4,590 3,091 4,093
Greece 1711 2,410 1,623 2,149
Note: the hours marked in “bold” served as basis for calculating the ratio

For the heating season and the number of operating hours of boilers the ratio was based upon
the situation in the Netherlands. The heating season in the Netherlands amounts to 5,000 hrs,
the actual runtime of a boiler-controlled circulator is calculated using the average operating
hours of the NL boiler stock (average 3.367 hours, for details see the case study below).
Although this method allows the calculation of operating hours for other countries than the
Netherlands at the same time a distortion is introduced because the NL-market is characterised
by an unusual high degree of condensing boilers. The countries with smaller shares of
condensing boilers will probably show higher values of operating hours. This effect could not
be taken into account in the calculation.

The equivalent hours on full speed of E-controlled circulators was based upon the ratio degree
hours and the load profile for Denmark.

Size of dwelling
Another factor besides climate zone and degree of insulation also determines the operating
hours of circulators. This factor is the average size (in m2) of the dwelling / household: Larger
households as in for instance Sweden, Denmark en The Netherlands require in general more
energy to heat and thus longer operating hours for the circulator can be expected. However the
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dwellings in these countries tend to have a high degree of insulation which will decrease the
number of operating hours of the circulator. For the sake of this assessment the effect of the
size of dwelling was not taken into account.

Case study The Netherlands
The Case Study in Annex 2 shows some background calculations for the assumptions above.
The Case Study also includes an estimate of total annual electricity consumption of circulators
in The Netherlands using a different approach from the figures presented in Annex 1 (made
possible because other country specific data was available).

 4.5 Split up according average power input

 4.5.1 Small circulators (<250W)

Although the catalogues of Grundfos and WILO Salmson show a wide range of circulators
with each a nominal power input "P1". in practice only a limited number of power ranges is
important. For reasons of standardisation boiler manufacturers tend to use the same circulator
throughout their range. Most popular is the UP25-40, with a nominal power requirement P1 of
60-65 W. Because of start-up losses at every switch, the real average power requirement will
be slightly higher, say 65 W, but this is probably a quite accurate estimate for circulators used
in wall-hung boilers with power ranges between 20 and 35 kW

The fact that many circulators usually have a speed selector, allowing the installer to choose
between three speeds (with P1 of 35W for the lowest speed) is not very relevant for this
estimate, as more than 90% of the installers chooses the highest speed anywayj. For the sake
of this assessment the final energy consumption is calculated using one power input figure.

For circulators in the range of 90-250 W VHK has chosen 180 W as “average” power
requirement.

 4.5.2 Large circulators (>250W)

These circulators are found in larger collective and district heating systems. Circulators from
250W can deliver enough flow for 5 households resulting in 50W of circulator power per
household (a 250 W circulators can deliver 8 - 10 m3 and most households only require a
maximum of 1 m3 of flow capacity).

Given the fact that overdimensioning mainly occurs in the lower power range and not in the
high power range VHK has assumed 50 W of circulator power per household connected to
district or collective heating.

 4.5.3 E-controlled circulators

For variable speed circulators (“E-controlled circulators”), the power input varies according
the speed between a minimum and maximum value, linked to load profile of the circulator.
See paragraph 4.4.3 for the equivalent operating hours at full power (maximum value).

                                                
j Comment by Grundfos.
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 4.6 Conclusions

 4.6.1 Total annual electricity requirement

As a conclusion, we can draw up the following table for the annual electricity requirement of
circulators in the EU in 1995 in central heating applications:

Tabel 4.3. Total and average electricity consumption per country (Wh)

 country small circulators <250W
(E+12 = 1TWh)

large circulators >250W
(E+12 = 1TWh)

total large+small
(E+12 = 1TWh)

average electricity consumption of
circulator per household (kWh/year)

Austria 1.02E+12 2.39E+11 1.26E+12 298

Belgium 1.47E+12 1.12E+11 1.58E+12 356
Denmark 6.11E+11 4.67E+11 1.08E+12 261
Germany 9.82E+12 2.92E+12 1.27E+13 251

Finland 7.78E+11 4.54E+11 1.23E+12 326
France 5.65E+12 1.22E+12 6.87E+12 249
Ireland 3.97E+11 5.09E+09 4.02E+11 343

Italy 2.67E+12 9.34E+11 3.60E+12 162
Netherlands 1.43E+12 2.38E+11 1.67E+12 196
Portugal 1.39E+11 0.00E+00 1.39E+11 48

Spain 1.34E+12 5.78E+10 1.40E+12 120
Sweden 1.54E+12 7.50E+11 2.29E+12 369
UK 5.79E+12 6.92E+11 6.48E+12 243

Luxemburg 5.15E+10 3.92E+09 5.54E+10 356
Greece 1.87E+11 0.00E+00 1.87E+11 61

EU15 3.29.E+13 8.09E+12 4.10.E+13 224

 4.6.2 Sensitivity Analysis

Hot water production
In many cases the circulator in a wall hung boilers is also activated for the purpose of
domestic hot water production (“combined boilers”). VHK has performed a simple sensitivity
analysis to assess the influence of this added runtime for the total electricity consumption.

If the runtime of boiler controlled circulators is increased by 10% for 75% of the stock of
boiler controlled circulators in the countries NL, UK and IT (countries with the highest share
of gas fired wall hung boilers, including combi-boilers) the total electricity consumption of
small circulators rises with approximately 1 %.

If for the countries AU, BE, DE, FR, IRL and LUX for 50% of the boiler controlled
circulators 200 extra hours are added (or 100 hrs for all boiler controlled circulators) the total
electricity consumption rises another 1%.

Operating hours
The sensitivity for operting hours was also assessed. When the EU average operating hours
below instead of country specific  operating hours are applied the grand total of electricity
consumption of circulators of respectively < 250 W and > 250 W is 33.5 + 8.9 TWh = 42.4
TWh. This is only 3.5% above the country specific total of 41.0 TWh.

EU Average operating hours:
- boiler controlled: 3,000 hrs;
- weather dependent / seasonal switch: 4,900 hrs;
- self-controlled: 5,694 hrs (0.65 * 8,760 hrs).
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ANNEX 1: ELECTRICITY CONSUMPTION

Table 1a: Estimate of annual electricity consumption of the stock of circulators.

country households local+non central heating district collective individual ch district collective hh with ind. circulator < 250 W hh connected to > 250 W total (2)
Austria 3,228,000 0.08 0.61 0.09 0.13 1,952,940 29,052 40,350 2,022,342 694,020 2,029,282
Belgium 4,128,000 0.15 0.74 0.01 0.10 3,054,720 4,128 41,280 3,100,128 454,080 3,104,669
Denmark 2,400,000 0.09 0.37 0.55 0.00 878,400 130,800 0 1,009,200 1,308,000 1,022,280
Germany 37,600,000 0.19 0.57 0.12 0.13 21,244,000 458,720 470,000 22,172,720 9,287,200 22,265,592
Finland 2,250,000 0.07 0.45 0.48 0.00 1,008,000 108,225 0 1,116,225 1,082,250 1,127,048
France 23,700,000 0.18 0.62 0.05 0.15 14,622,900 113,760 362,610 15,099,270 4,763,700 15,146,907
Ireland 1,220,000 0.28 0.70 0.00 0.02 854,000 0 2,440 856,440 24,400 856,684
Italy 20,533,000 0.20 0.53 0.01 0.26 10,882,490 22,586 533,858 11,438,934 5,564,443 11,494,579
Netherlands 6,760,000 0.12 0.76 0.04 0.08 5,137,600 27,040 54,080 5,218,720 811,200 5,226,832
Portugal 3,320,000 0.90 0.10 0.00 0.00 332,000 0 0 332,000 0 332,000
Spain 12,900,000 0.71 0.25 0.00 0.04 3,225,000 0 51,600 3,276,600 516,000 3,281,760
Sweden 4,100,000 0.00 0.52 0.42 0.07 2,115,600 171,790 26,650 2,314,040 1,984,400 2,333,884
UK 23,900,000 0.11 0.77 0.02 0.10 18,403,000 35,850 239,000 18,677,850 2,748,500 18,705,335
Luxemburg 145,000 0.15 0.74 0.01 0.10 107,300 145 1,450 108,895 15,950 109,055
Greece 3,203,000 0.90 0.10 0.00 0.00 320,300 0 0 320,300 0 320,300
EU15 149,387,000 84,138,250 1,102,096 1,823,318 87,063,664 29,254,143 87,356,206

Assumptions:
1. 10% of district and collective households are assumed to be equipped with an individual central heating circuit with individual circulator.
2. The households connected to “large” circulators are assumed to share one circulator for every 100 hh.
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Table 1b: Split up of stock according size / installation / self controlled.

country % < 90 W % stand alone %  self controlled %  self controlled district collective individual
< 90 W 90-250 W <90W <90W <90W 90-250W

stand-alone stand-alone stand-alone wall stand-alone wall
non-self non-self self non-self self non-self self non-self self non-self

Austria 0.907 0.6 0.01 0.03 29,052 40,350 10,589 1,048,328 0 705,945 3,385 109,461 0 75,231
Belgium 0.907 0.6 0.01 0.03 4,128 41,280 16,598 1,643,246 0 1,106,563 5,190 167,798 0 115,325
Denmark 0.883 0.95 0.09 0.18 130,800 0 65,008 657,300 0 38,016 20,191 91,982 0 5,904
Germany 0.966 0.6 0.06 0.34 458,720 470,000 737,645 11,556,432 0 8,196,051 153,790 298,534 0 301,549
Finland 0.857 0.95 0.02 0.09 108,225 0 16,119 789,842 0 42,419 13,648 137,992 0 7,981
France 0.976 0.5 0.01 0.02 113,760 362,610 71,303 7,058,956 0 7,130,259 3,624 177,567 0 181,191
Ireland 0.907 0.6 0.01 0.03 0 2,440 4,646 459,965 0 309,740 1,434 46,356 0 31,860
Italy 0.97 0.2 0.01 0.02 22,586 533,858 21,079 2,086,786 0 8,431,458 1,373 67,261 0 274,534
Netherlands 0.974 0.1 0.01 0.15 27,040 54,080 5,002 495,189 0 4,501,722 2,035 11,533 0 122,118
Portugal 0.907 0.6 0.01 0.03 0 0 1,807 178,868 0 120,450 556 17,970 0 12,350
Spain 0.907 0.6 0.01 0.03 0 51,600 17,522 1,734,644 0 1,168,110 5,485 177,349 0 121,890
Sweden 0.857 0.95 0.02 0.09 171,790 26,650 33,909 1,661,549 0 89,235 28,293 286,070 0 16,545
UK 0.963 0.25 0.01 0.01 35,850 239,000 44,280 4,383,700 0 13,283,940 1,728 171,042 0 518,310
Luxemburg 0.907 0.6 0.01 0.03 145 1,450 583 57,721 0 38,869 182 5,894 0 4,051
Greece 0.907 0.95 0.01 0.03 0 0 2,760 273,227 0 14,526 849 27,450 0 1,489
EU15 1,102,096 1,823,318 1,048,849 34,085,751 0 45,177,302 241,761 1,794,258 0 1,790,329

Assumptions:
1. All individual district and collector circulators are assumed to be <90 W;
2. The remainder in individual central heating systems is split-up according share of stand alone/wall hung;
3. For both stand alone and wall hung a share of E-controlled circulators is applied, assumed is that the share of E-controlled circulators in wall hung boilers is zero.
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Table 1c: Application of operating hours (depending on type and installation), average power input and calculation of electricity consumption.

country degree days heating season
hours (ratio*degree
days)

operating hours E-
controlled
(ratio*degree
days)

operating hours
boiler controlled
(ratio*degree
days)

Total electricity cons.
small circulators <250W

Households
supplied by large
circ. >250W

share E-
controlled
>250W

HH supplied
by DH

HH supplied by
coll.

Total electricity cons.
large circulators
>250W

Total large+small Average electricity cons. o f
circulator per hh (Wh)

ratio 1.41 ratio 1.26 ratio 0.95 E+12=TWh
Austria 4068 5,730 5,109 3,858 1.02E+12 694,020 0.06 273,089 379,290 2.39E+11 1.26E+12 316,452
Belgium 3259 4,590 4,093 3,091 1.47E+12 454,080 0.06 38,803 388,032 1.12E+11 1.58E+12 355,234
Denmark 3191 4,494 4,008 3,027 6.11E+11 1,308,000 0.34 863,280 0 4.67E+11 1.08E+12 254,670
Germany 3845 5,415 4,829 3,647 9.82E+12 9,287,200 0.35 2,981,680 3,055,000 2.92E+12 1.27E+13 261,122
Finland 5978 8,420 7,508 5,670 7.78E+11 1,082,250 0.30 757,575 0 4.54E+11 1.23E+12 345,597
France 2850 4,014 3,579 2,703 5.65E+12 4,763,700 0.02 1,114,848 3,553,578 1.22E+12 6.87E+12 238,427
Ireland 2979 4,196 3,741 2,825 3.97E+11 24,400 0.06 0 22,936 5.09E+09 4.02E+11 325,358
Italy 2234 3,146 2,806 2,119 2.67E+12 5,564,443 0.03 219,087 5,178,423 9.34E+11 3.60E+12 129,803
Netherlands 3550 5,000 4,459 3,367 1.43E+12 811,200 0.22 210,912 421,824 2.38E+11 1.67E+12 212,119
Portugal 1800 2,535 2,261 1,707 1.39E+11 0 0.06 0 0 0.00E+00 1.39E+11 41,993
Spain 1600 2,254 2,010 1,518 1.34E+12 516,000 0.06 0 485,040 5.78E+10 1.40E+12 103,936
Sweden 4355 6,134 5,470 4,131 1.54E+12 1,984,400 0.29 1,219,709 189,215 7.50E+11 2.29E+12 376,011
UK 3210 4,521 4,032 3,045 5.79E+12 2,748,500 0.04 344,160 2,294,400 6.92E+11 6.48E+12 242,242
Luxemburg 3259 4,590 4,093 3,091 5.15E+10 15,950 0.06 1,363 13,630 3.92E+09 5.54E+10 355,234
Greece 1711 2,410 2,149 1,623 1.87E+11 0 0.06 0 0 0.00E+00 1.87E+11 58,451
EU15 3.29.E+13 29,254,143 8,024,506 15,981,368 8.09E+12 4.10.E+13 220,179

Assumptions:
range <250 W:
§ Average power input for < 90 W = 65 W, for 90-250 W = 180 W
§ operating hours district circulators: 8760 hrs. (whole year long)
§ operating hours collective circulators: column heating season (baseline is the NL ratio of degree days-heating season (NL degree days 3550, heating season 5,000 hrs.: ratio 1,4)
§ operating hours individual circulators - E-controlled: column E-controlled (baseline is the DK ratio of degree days-equivalent hours of DK load profile for E-controlled circulators (DK degree days 3191, DK

E-poad profile 4,007.7 hrs.: ratio 1.26 - see also text chapter 4)
§ operating hours individual circulators - wall hung (boiler CPU controlled): column boiler controlled (baseline is the NL ratio of heating season-boiler runtime (NL heating season 5,000 hrs, boiler runtime NL

3.367 hrs.: ratio 0.95 - see also text chapter 4).
§ operating hours individual circulators - stand-alone: 10% operates with summer switch = heating season, 90% operates without summer switch = 8760 hrs,

range >250W:
§ Power input: 50 W per household
§ operating hours district circulators: 8760 hrs. (whole year long)
§ operating hours collective circulators: column heating season (see above)
§ operating hours E-controlled circulators: column E-controlled (see above)





Final Report SAVE II Circulators Task 1 | VHK for Grundfos A/S | 5 May 2001 | Annex 2, page 1

ANNEX 2: CASE STUDY - THE NETHERLANDS

CH Circulators in the Netherlands, 1997

Total CH Boilers
Total 6,26 million dwellings

75,4% of total with individual CH systems, using CH circulators (rest is district heating, block heating or local heating)

56,4% of total are combi's (CH and waterheating combined, resulting in 200 to 300 operating hours per year per circulator more)

Gas consumption per household

The average gas consumption for CH per Dutch dwelling is known: 1660 m3/dwelling/year (1997). We assume 2000 m3
Typical heating power of the CH boiler is in the range of 20 - 32 kW (lower or higher is <10% of market).

To be on the safe side we assume 20 kW.

1 kWh = 3,6 MJ;  1 m3 natural gas (lhv)= 35,2 MJ
Therefore 2000 m3 gas = ca. 19500 kWh. At 100% boiler efficiency (20 kW) this means 975 heating operating hours/yr.

The real CH boiler efficiency is not 100% but depends on the type:
Efficiency Installed (%) Installed (mln.)

HR (High efficiency= condensing boiler): 93% 19% 0,89

VR (Improved efficiency) 85% 45% 2,125
Conventional 77% 36% 1,7

100% 4,715

The number of heating operating hours per boiler can be calculated using the efficiency

heating hours/boiler/year
HR (High efficiency= condensing boiler): 1000

VR (Improved efficiency) 1250

Conventional 1400

The number of operating hours of the CH circulator depends on the number of heating hours plus

the number of start/stop switches x 10 minutes (for room thermostat control, which is the most common,
the 24 h setting for running time after switch-off does not apply).

The number of switches depends on how well the boiler capacity fits the heating demand and the consumer

behaviour/clock thermostat. Assumption: doubling of the hours with respect of heating hours (e.g. leading to
6000 switches/year for a HR type boiler)

Furthermore, there is still a number of conventional boilers (say 50%) which does not have a circulator switch,

meaning that the circulator runs all the time. Roughly half of these circulators is switched off manually during
the summer months.

operating hours/CH Circulator/year
HR (High efficiency= condensing boiler): 2000

VR (Improved efficiency) 2500

Conventional I (with switch) 2800
Conventional II (no switch, switched man.) 5000

Conventional III (no switch) 8760

For Combi-boilers (integrated with water heating), which is the majority ( 75% of HR and VR)  there are

an estimated extra 250 operating hours of the circulator.
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operating hours/CH Circulator/year
HR single 2000

HR Combi 2250
VR (Improved efficiency) 2500

VR Combi 2750

Conventional I (with switch) 2800
Conventional II (no switch, switched man.) 5000

Conventional III (no switch) 8760

Average (also using “installed %” below) 3367

Now we have to multiply with the power consumption. We assume the highest setting, 65 W.

hours h power W energy kWh
HR single 2000 65 130

HR Combi (75% of HR total) 2250 65 146

VR single 2500 65 163
VR Combi (75% of HR total) 2750 65 179

Conventional I (with switch) 2800 65 182

Conventional II (no switch, switched man.) 5000 65 325
Conventional III (no switch) 8760 65 569

Using the market penetration figures below, we can estimate a weighted average of 249 kWh/circulator/yr

Installed (%) energy kWh weighted

HR single 5% 130 6,5
HR Combi (75% of HR total) 14% 146 20,5

VR single 11% 163 17,9

VR Combi (75% of VR total) 34% 179 60,8
Conventional I (with switch) 18% 182 32,8

Conventional II (no switch, switched man.) 9% 325 29,3

Conventional III (no switch) 9% 569 51,2

Average electricity consumption per circulator NL 1997 218,9 kWh

Total number of CH circulators installed 4,7 mln.
Total electricity consumption small CH circulators NL 1997 1,03 TWh

Total electricity consumption 6,2 mln. households NL 1997 20,53 TWh (3280
kWh/hh/yr.)

CH Circulator as proportion of household total 5%



Final Report SAVE II Circulators Task 1 | VHK for Grundfos A/S | 5 May 2001 | Annex 3, page 1
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