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Types of circulators




Inside a circulator




Summary — Chapter 1

In this study we are considering the more common gl andless circulator, which means that the motor is “w et”
running, ie the system fluid is in contact with the motor. The bulk of the market is for small circulat ors, of which
the more familiar “standalone” type will have an aver age power of about 65W. A rapidly growing part of the market
is for custom designed “boiler integrated” circulator s that are included in the boiler, and these have a  n average

power consumption of about 90W. The balance compri  ses larger standalone circulators for use in commer  cial and
residential buildings in the range 200-2500W. Boile  r Integrated circulators are also considered to be ~ components of
a boiler and hence policy recommendations on them a re included in the Lot 1 Boilers study, and not in this report.

Circulators within the study are used primarily for heating applications, but a limited proportion (<1 %) are used in
small cooling or solar heating systems. This certa inly totals < 140,000 units pa, and hence is conside  red outside of
the scope of this study. However, in order to mini mise production costs, it is expected that the basi c design of
these would follow directly those of the standard b oiler circulator considered in this study.

The relevant test standard is EN 1151-1:2006 Pumps  — Rotodynamic pumps — Circulation pumps having a rated
power not exceeding 200W for heating installations and domestic hot water installations. Part 1: Nona  utomatic
circulation pumps, requirements, testing, marking’. This currently only applies to circulators up to 200W, but
Europump are planning to extend this to circulators up to 2500W. It does not though specifiy how effici  ency

should be determined.

The standard, EN9906:1999 Rotodynamic pumps — ‘Hydrau  lic performance acceptance tests - Grades 1 and 2’w il
be extended to apply to pumps down to 200W.

A new annex to EN1151-3 is being drafted that will ~ specify procedures for testing variable speed circu lators. Itis
therefore recommended that the wide tolerances in E =~ N1151-1:2006 are reviewed, and that a new performan ce
standard is written to cover circulators in the 200 W — 2500W power range.

Neither WEEE or RoHS legislation applies to these pr  oducts. Despite this, the materials content in all designs
means that they are in any case compliant. In sect ion 7.2 the MEEUP analysis is applied to the newer  PM variable
speed circulator that includes a Permanent magnet m otor and electronic control PCB, but even the mater ials of this
newer product are still ROHS compliant.

The Energy Plus Pumps scheme is a marketing initiat  ive to promote higher efficiency circulators, and i S supported
by the Intelligent Energy programme of the European Commission

There is an existing (A-G) voluntary EU Labellings  cheme that classifies standalone circulators up to 250W by
energy performance.



Existing labelling scheme — based on the Blauer
Engel distribution
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NB The EEI calculation currently excludes standby power consumption

Manufacturers only publish the class, not the EEI rating



Circulator sales by class

There is a major shift in the market — did the labelling scheme cause this?

- do we now need to split the A class?



Testing and verification
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EN 1151-1:2006 ‘Pumps — Rotodynamic pumps — Circulation pumps having a rated power not exceeding 200W
for heating installations and domestic hot water in stallations . Part 1: Non automatic circulation pumps,

requirements, testing, marking’.

This test is regarded as a type test, as it should be applied to several samples of the same type of pu  mp.
There are some weaknesses in this standard:

The permissible tolerance on the operating head (at the zero flow point) is large (+/-10%).
The standard does not specify any___ tolerances for the equipment used to measure the fl ow.

The standard does not provide any specific guidance as to how efficiency should be determined.



Summary — Chapter 2

The annual market for circulators is considered to be 14M pa, comprising:
Standalone (small) circulators 5.5M

Boiler integrated circulators  7.5M

Standalone (Large) circulators 1.0M

It is estimated that the circulator market will inc rease at the rate of 1.4%pa to 2020.

From the estimated stock (140Mpa) and annual sales  (14Mpa), the average lifetime of the circulator is  taken as being
10 years for the purposes of this study. These fin  al figures represent a ‘best fit’ compromise such t hat the
approximate relationship of “stock = annual sales x lifetime” remains true. Higher levels of certainty are apportioned
to the annual sales and stock figures and consequen tly the initial lifetime estimate of 12 years wasr  educed in order
to satisfy the relationship. The technical justifi cation for this is that many will be scrapped prema turely when the
boiler to which they are fitted is replaced. Thei  mpact of this is that stock and hence energy savings due to design
options will take longer to impact the market, but also that the LCC advantages of improved circulators will be under-
stated.

Circulators are little used outside of Europe, with all the major manufacturers based in Europe. Wilo , Grundfos and
Smedegaard dominate, with over 80% of the market bet  ween them.

Because of the relatively low cost of circulators, when they fail they are replaced rather than repair  ed. Circulators
with higher efficiency motors (permanent magnet mot ors) are becoming more widespread.

There is an increased proportion in the numbers of circulators being incorporated in boilers as this b oth simplifies
and reduces the cost of installation of a heatings  ystem.

A 2% Discounted Cash Factor (DCF) has been used in  all calculations. Electricity prices based on Euro stats have
been used, with 3 scenarios (typical, low and high) used for each customer category (residential and ¢ =~ ommercial).



Summary — Chapter 3

This chapter has given an overview of the typical u ~ sage patterns of different types of circulator
under different control regimes. Because of the la  rge variety of system types and running
hours, the true picture is actually very complex, a nd so a reasonable trade-off between detalil
and ability to interpret the results has been made.

In ttzje_ MEEUP analysis, we have analysed circulator ~ duty based on the following operating
conditions:

Control types: Continuous, On/Off room thermostat controlled, On/Off Thermostatic Radiator
valve controlled.

Flow profiles: Because of the varying demand, the ¢ irculator in most control systems spends
most of its time operating at low flows, and so the flow:time distribution is important. The
standard Blauer Engel flow distribution has been use d for the continuous flow case.

The impact of different heating seasons is taken ac  count of by using sensitivity analysis that

considers annual circulator running hours of 1,300, 2,300 and 5,000 hours pa.

Correct sizing of circulators is an important way t o reduce energy consumption, but because
there is little incentive to spend time on optimisi ng selection, it is always the safe option to
“over-size” circulators. Standard circulators usua lly have a 3-speed selection switch that does
allow for closer matching of the circulator to the actual duty, but again it is safer to leave it set
on “maximum” in order to minimise the risk of futur e problems. Educating specifiers and

installers to correctly size and commission circula tors is therefore important If greater energy
savings are to be achieved.



Summary — Chapter 4

This section provides the technical inputs needed f or the MEEUP model. Because of the large amount of
subsequent analysis that each basecase entails, thre e basecases were selected and these are representati  ve
of the market:

Small standalone Circulator, 65W.
Large Standalone Circulator, 450W.
Boiler Integrated Circulator, 90W.

Each basecase represents the “typical” product sold to day, and is characterised in terms of lifetime
environmental and financial impacts. (In fact when the project started the class D was considered as the
basecase, but the July 2007 sales data (Figure 1-10 , Chapter 1) showed that class C is now more typica |.
However, the use of class C/D as the baseline makes  the benefits of improved models much clearer, and i S
also much more representative of existing stock.)

The Bill of materials data have been compiled and s upplied by manufacturers, they were examined and ve  rified
by the study team, and can be regarded as being rep  resentative average of the products on the markett  hat
meet the detailed performance specifications outlin ed above.

The variety of operating scenarios for each type of circulator that are described in chapter 3 meanst  hat the
actual energy consumption of the same basecase circu lator will vary significantly. A weighted average annual
energy consumption of each basecase under each contr ol regime has therefore been calculated and used in

this analysis. This has resulted in an average pow  er consumption for each type of circulator and cont rol
regime, which shows in a simple way the actual ener gy consumption of each circulator under different “r eal
life” operating conditions.

The total energy consumption of all circulators in the EU is calculated to be 53.1 TWh pa (2006)



Technical Options

The five technical options considered are

Option 1 — Standard (basecase)

This is the most popular type of circulator that us es a fixed speed induction motor.
Option 2 — Improved

This is the same as the basecase circulator, but wil | have lower losses due to improvements in
the hydraulics and/or motor.

Option 3 - Variable speed (induction motor)
This uses thyristor control to alter the speed of th e induction motor.

Option 4 — Permanent Magnet circulator (consideredt o be the currently Best Available
Technology)

This uses a much more efficient type of motor that is always driven by control electronics that
allow the speed to be varied. Even in on/off room  thermostat control systems which have to
work in fixed speed mode, this still gives energy s avings over standard induction motor driven
circulators.

The analysis in this section is undertaken separate |y for fixed and variable speed operation.



Production Phase

Bill of Materials — small 65W standalone circulator

MATERIALS Extraction & Production Weight Category Mate  rial or Process
Description of component ing Click &select select Category first !
1 Impeller 7.0 1-BlkPlastics| 4-PP
2 Volute 912.0 3-Ferro|23-Cast iron
3 Stator Windings & Rotor Cage 302.0 4-Non-ferro|28-Cu winding wire
4 Stator (rest) 388.0 3-Ferro|23-Cast iron
5 Rotor (rest) 146.0 3-Ferro| 23-Cast iron
6 Shaft 21.0 3-Ferro|23-Cast iron
7 Motor housing 180.0 4-Non-ferro|27-Al diecast
8 Paint 24.0 5-Coating|39-powder coating
9 Operating instructions 250.0 7-Misc.|57-Office paper
10 Terminal box 35.0 1-BlkPlastics| 1-LDPE
11 Can 106.0 3-Ferro|23-Cast iron
12 Bearing bracket + End Shield 98.0 3-Ferro| 23-Cast iron
13 Packaging (recycled paper) 174.0 7-Misc.|56-Cardboard
14 Screws Etc. 50.0 3-Ferro|23-Cast iron
15 Misc material 125.0 3-Ferro|23-Cast iron
16 Misc material 125.0 1-BlkPlastics| 4-PP




Calculation of energy consumption

Flow Power Time Energy
(%) (W) (%) (kWh pa)
100 64 6 19.2
75 63 15 47.25
50 62 35 108.5
25 60 44 132
Total 307

The rated power consumption at the 4 selected flow

points is derived from a variety of
“typical” products.  For example, in the table above, at 75% flow this i

S 63W.

number of hours pa. This is calculated

For each flow point, the power is multiplied by the
ives the total energy consumption for

as a percentage of time spent operating pa. This g
each flow point.

Eg 0.063kW x 15% x 5,000hpa = 47.25kWh pa

and totalled to give total annual energy

This is repeated for each of the four flow points,
nditions.

consumption for the pump under assumed operating co
19.2 + 47.25 + 108.5 + 132 = 307 kWh pa

_y annual operating hours) means that
ing hours, which is particularly useful
e economics of various circulator types

The calculation of Pmean (total energy use divided b
this data can be easily extended to any annual runn
in the later sensitivity analysis that considers th

with different running hours.

307 kWh pa / 5,000 hrs pa = 61.3W.



Performance of circulators and load profiles

Option Technol - -
PH echnology Control option Annual Flow profile
1 Standard (basecase) running hours
2 Improved Continuous 5,000 Blauer Engel
3 Variable speed (induction motor) On/Off Thermostatic Radiator 2,300 Blauer Engel
4 Permanent Magnet Motor (fixed speed) Valve (TRV) control
5 Permanent Magnet Motor (variable speed) On/Off control 2,300 100% or OFF




Energy consumption per circulator

65W - Improved 65W PM - Fixed Speed
Flow Power Time Energy Flow Power Time Energy (kWh
(%) (W) (%) (kWh pa) (%) (W) (%) pa)

100 49 6 14.7 100 30 6 9.0

75 48 15 36 75 30 15 225

50 46 35 80.5 50 30 35 52.5

25 45 44 99 25 30 44 66.0
Pmean 46.0 Total 230.2 Pmean 30.0 Total 150.0
65W - VS Induction Motor 65W PM - Variable Speed
Flow Power Time Energy Flow Power Time Energy (kWh
(%) (W) (%) (kWh pa) (%) (W) (%) pa)

100 64 6 19.2 100 30 6 9.0

75 60 15 45.0 75 25 15 18.8

50 48 35 84.0 / 50 15 35 26.3

25 33 44 726 4 25 10 44 22.0
Pmean 44.2 Total 220. Pmean 15.2 Total 76.0

] ) Circul & | Continuous BE Continuous On/Off (2300 hrs
Circulator type & control Continuous | On/Off Room temp LTI Y L SRR, (5000hrs pa) | (2300 hrs pa) pa)
65W Standard (Baseline) 614 64 Zgw ﬁ;i’:gs;z (Baseline) ggg 114015282 ﬁ;g
65W Improved ) 46 51 65W Variable speed (Induction
65W Variable speed (Induction > motor) 221 101.7
motor) 44.2 -
. 65W PM Motor (Fixed speed) 155 71.3 713
65W PM Motor (F'X?d speed) sl 31 65W PM Motor (Variable speed) 81 37.3
65W PM Motor (Variable speed) 16.2




65W Circulator

Total stock (million pumps)

55

1.) Pmean (W) (from calculations on other worksheets )

(51 in report)

. ) Continuous On/Off Room
Circulator type & control Continuous (2300) temb
65W Standard (Baseline) 61.4 61.4 64
65W Improved 46 46 49—
65W Variable speed (Induction motor) 44.2 44.2
65W PM Motor (Fixed speed) 31 31 31
65W PM Motor (Variable speed) 16.2 16.2
2.) Annual energy consumption (kWh
Circulator type & control BE (5000) Continuous OO0 (2300)
(2300)
65W Standard (Baseline) 307 141.22 147.2
65W Improved 230 105.8 112.7
65W Variable speed (Induction motor) 221 101.66
65W PM Motor (Fixed speed) 155 71.3 713
65W PM Motor (Variable speed) 81 37.26
3.) Split of stock (%)
Circulator type & control BE (5000) Continuous OO0 (2300)
(2300)
65W Standard (Baseline) 30 5 10
65W Improved 5 5 5
65W Variable speed (Induction motor) 30 5
65W PM Motor (Fixed speed) 0
65W PM Motor (Variable speed) 5
4.) Total annual energy consumption of the stock (G~ Wh/a)
BE (5000) SRS 00 (2300)
(2300)
65W Standard (Baseline) 5065.5 388.355 809.6
65W Improved 632.5 290.95 309.925
65W Variable speed (Induction motor) 3646.5 279.565 0
65W PM Motor (Fixed speed) 0 0 0
65W PM Motor (Variable speed) 222.75 0 0

TOTAL

11,646 GWh pa



65W Circulator

Total stock (million pumps)

55

1.) Pmean (W) (from calculations on other worksheets )

. ) Continuous On/Off Room
Circulator type & control Continuous (2300) temb
65W Standard (Baseline) 61.4 61.4 64
65W Improved 46 46 49
65W Variable speed (Induction motor) 44.2 44.2
65W PM Motor (Fixed speed) 31 31 31
65W PM Motor (Variable speed) 16.2 16.2
2.) Annual energy consumption (kWh
Circulator type & control BE (5000) Continuous OO0 (2300)
(2300)
65W Standard (Baseline) 307 141.22 147.2
65W Improved 230 105.8 112.7
65W Variable speed (Induction motor) 221 101.66
65W PM Motor (Fixed speed) 155 71.3 713
65W PM Motor (Variable speed) 81 37.26
3.) Split of stock (%)
Circulator type & control BE (5000) Continuous OO0 (2300)
(2300)
65W Standard (Baseline) 30 5 10
65W Improved 5 5 5
65W Variable speed (Induction motor) 30 5
65W PM Motor (Fixed speed) 0
65W PM Motor (Variable speed) 5
4.) Total annual energy consumption of the stock (G~ Wh/a)
BE (5000) Continuous | 5 5340
(2300)
65W Standard (Baseline) 5065.5 388.355 809.6
65W Improved 632.5 290.95 309.925
65W Variable speed (Induction motor) 3646.5 279.565 0
65W PM Motor (Fixed speed) 0 0 0
65W PM Motor (Variable speed) 222.75 0 0

TOTAL

11,646 GWh pa



450W Circulator

1.) Pmean (W) (from calculations on other worksheet s)

Circulator type & control Pmean (W)
450W Standard (Baseline) 388 ;
450W Improved 323 (284 n report)
450W Variable speed (Induction motor) 313 q/
450W PM Motor (Variable speed) 151
2.) Annual energy consumption (5000 hpa @ kWh pa) 5000
Circulator type & control BE (kWh pa)
450W Standard (Baseline) 1,940
450W Improved 1,615
450W Variable speed (Induction motor) 1,565
450W PM Motor (Variable speed) 755

3.) Split of stock (%)

Circulator type & control BE
450W Standard (Baseline) 50
450W Improved 30
450W Variable speed (Induction motor) 15
450W PM Motor (Variable speed) 5

4.) Total annual energy consumption of the stock

Circulator type & control BE (GWh pa)
450W Standard (Baseline) 9,700
450W Improved 4,845
450W Variable speed (Induction motor) 2,348
450W PM Motor (Variable speed) 378
TOTAL 17,270 GWh pa

TOTAL 17,270 GWhly



450W Circulator

1.) Pmean (W) (from calculations on other worksheet s)

Circulator type & control Pmean (W)
450W Standard (Baseline) 388
450W Improved 323
450W Variable speed (Induction motor) 313 q
450W PM Motor (Variable speed) 151
2.) Annual energy consumption (5000 hpa @ kWh pa) 5000
Circulator type & control BE (kWh pa)
450W Standard (Baseline) 1,940
450W Improved 1,615
450W Variable speed (Induction motor) 1,565
450W PM Motor (Variable speed) 755

3.) Split of stock (%)

Circulator type & control BE
450W Standard (Baseline) 50
450W Improved 30
450W Variable speed (Induction motor) 15
450W PM Motor (Variable speed) 5

4.) Total annual energy consumption of the stock

Circulator type & control BE (GWh pa)
450W Standard (Baseline) 9,700
450W Improved 4,845
450W Variable speed (Induction motor) 2,348
450W PM Motor (Variable speed) 378
TOTAL 17,270 GWh pa

TOTAL 17,270 GWhly



Total stock (million pumps)

"Power ratio"

75

1.45

90W Boller Integrated circulator

(This is a crude way of using the 65W circ performance to indicate the 90W BI performance)

Annual energy consumption (kWh pa)

Circulator type & control Continuous Continuous (2300) On/Off Room temp
90W Standard (Baseline) 445 205 213
90W Improved 354 163 170
90W Variable speed (Induction motor) 320 147
90W PM Motor (Fixed speed) 218 100 100
90W PM Motor (Variable speed) 110 51
Split of stock (%)
Circulator type & control BE (5000) Continuous (2300) OO0 (2300)
90W Standard (Baseline) 35 5 10
90W Improved 5 5 5
90W Variable speed (Induction motor) 30 5
90W PM Motor (Fixed speed)
90W PM Motor (Variable speed)
Total annual energy consumption
Circulator type & control BE (5000) Continuous (2300) OO0 (2300)
90W Standard (Baseline) 11685 768 1601
90W Improved 1327 610 638
90W Variable speed (Induction motor) 7210 553 0
90W PM Motor (Fixed speed) 0 0 0
90W PM Motor (Variable speed) 0 0 0

TOTAL

24,392 GWh pa




MEEUP output — 65W standalone circulator

Nr| Life cycle Impact per product: Date|Author
0 65 Watt Circulator, Standalone, Europump average 28987 CG
Life Cycle phases --> PRODUCTION DISTRI- USE END-OF-LIFE* TOTAL
. Resources Use and Emissions Material| Manuf] Total | BUTION Disposa] Recycl| Total
Materials unit
1|Bulk Plastics g 167 150 17 167 0
2| TecPlastics g 0 0 0 0 0
3|Ferro g 1846 148 1699 1846 0
4|Non-ferro g 482 39 443 482 0
5| Coating g 24 2 22 24 0
6| Electronics g 0 0 0 0 0
7|Misc. g 424 34 390 424 0
Total weight g 2943 372 2571 2943 0
see note!
Other Resources & Waste debe credit
8| Total Energy (GER) MJ 107 12 119 60 22366 26| 18 8 22554
9 of w hich, electricity (in primary MJ) | MJ 5 7] 12 0 22365 0 0 0 22377
10| Water (process) Itr 24 0 24 0 1491 0 0 0 1515
11| Water (cooling) Itr 23 3 26 0 59640 0 0 0 59666
12| Waste, non-haz./ landfill g 6812 3§ 6850 55 25999 289 q 288 33193
13| Waste, hazardous/ incinerated g 2 o 2 1] 515 150 q 150 668
Emissions (Air)
14| Greenhouse Gases in GWP100 kg CO2 eq| 6 h 6 5] 976 2 1 1 988
15| Ozone Depletion, emissions mg R-1leq negligible
16| Acidification, emissions gS02eq. 104 3 107 14| 576(Q 4 2 2 5883
17| Volatile Organic Compounds (VOC) |g 0 0 0 0 8 0 0 0 9
18| Persistent Organic Pollutants (POP) |ngiTeq 19 18 0 147 2 0 2 167
19| Heavy Metals mg Nieq. 2 21 3 384 7 0 7 415
PAHs mg Nieq. g 5 3 44 0 0 0 52
20| Particulate Matter (PM, dust) g 28 0 29 28 123 34 0 34 214
Emissions (Water)
21|Heavy Metals mg Hg/20 g 5 0 144 2 0 2 151
22 Eutrophication gPO4 Z 2 0 1] 0 0 0 3
23 Persistent Organic Pollutants (POP) |ngiTeq negligible




Eco impact by phase of lifecycle — 65W standalone
circulator
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Summary - Chapter 5

This section has used the MEEUP methodology to anal  yse the
environmental impact of each basecase circulator, en vironmental
Impact of the total stock of circulators, and the t otal (financial)
lifecycle cost to the User of each of the three typ  es considered.
The results of this analysis show that of all the e nvironmental
Impacts, it is the “In Use” phase that dominates,a  nd so itis the
energy performance that is focus of the following s ections of this
report.

The calculation of total emissions is based on curr ent breakdown
of stock by type. However, it is evident from stat  istics supplied
that the energy performance of product has increase d over the
last ten years (the average product lifetime). The refore the
outputs from the MEEUP model will slightly under-es timate
current total energy usage.



Chapter 6 - Summary

The main feature of the circulator market is that w  ith the recent launch of
permanent magnet variable speed circulators, there are not obviously any further
developments that will lead to a major change in ef  ficiency of the product as it is
currently regarded. However, chapter 7 shows the |  arge energy saving potential
from a wider adoption of the improved efficiency pr oducts that already exist.

Looking further into the future, significant reduct  ions in energy consumption are
more likely to come from alternative system designs that place different
requirements on the function of the circulator:

Direct Electrical heating systems. This is notbe  ing advocated as a desirable
change from an environmental perspective, but if mo re of these systems were
installed, these would not require any circulators.

Localised circulators. Smaller, very low power cir culators, that would have a

similar total electrical power consumption, but whi ch could enable boiler fuel
savings of up to 20%. In this case, the energy cons  umption of the circulator is
much less important than that of the savings in boi ler fuel.

A possibility that there could be a heat engine dri ven pump that would use waste
heat from the boiler instead of electrical power as its power source.



The cost of improved technologies

Ref | Design Option Cost (%) | Cost Additional
(Euros) Cost (Euros)
1 | Baseline 100 120 0
2 | Speed Control (induction motor) 135 162 42
3 | PM/Variable speed 200 240 120
Improved design — conventional
4 | technology 120 144 24




Summary — Chapter 7

Under average operating conditions (electricity = O

hours pa, both “improved” and permanent magnet circul

for systems working just 2,300 hours pa, these opti
the PM circulator in fixed speed mode is not attrac

control, which is a poorer system that should not a
(eg UK and Eire) with higher electricity prices, few

moving to this type of circulator.

In all cases, the Permanent Magnet circulator has t
circulator (standard design, fixed speed) the highe

The ranking of the lifetime energy consumption of t
the duty.

The benefits of the variable speed (induction motor
standard circulator, and are considerably less than
in the declining market share of induction motor va

Although outside the scope of this study, the follo
usage and energy consumption in the future:

Boiler heat exchanger design
Specification of circulator in boiler integrated de
Improving insulation of dwellings

Reduction in wet central heating systems

The 20 year life suggested in the September 2007 ed
xtreme of circulator life. But if this figure was
ness of moving to more efficient circulators.

a 20-year life, which is regarded as being at the e
analysis, it would further reinforce the attractive

.135 euros/kWh) and the most typical conditions of 5,000
ators give a reduction in LCC to the consumer. Eve n

ons still show a reduction in LCC to the consumer, although
tive. This is the case when using on/off room ther ~ mostat
nyway be encouraged, and as it occurs mostly incou  ntries
consumers would in practice experience a higher LC C from
he lowest annual energy consumption, and the baseli ne
St.

he different types of circulator is the same irresp ective of

) circulator are not hugely greater than that of th e improved
can be gained from use of a PM circulator. Thisi s reflected

riable speed circulators.

wing changes in system design could impact circulat or

signs

ition of Stiftung Warentest magazine, p76-79 suggested
used in the LCC



Life Cycle Cost Analysis — 65W Circulator

Life cycle cost —e— Continuous (5000 hpa)
—a— Continuous (2300 hpa)
Continuous (1300hpa)
——— On/Off RT (5000 hpa)
—x— On/Off RT (2300 hpa)
—e— On/Off RT (1300 hpa)
W Purchase cost

Life Cycle Cost (Euros)

Design 65W Standard 65W Improved 65W Variable 65W PM Motor 65W PM Motor

Option (Baseline) speed (Fixed speed) (Variable
(Induction speed)
motor)
Lifetime energy consumption —e— Continuous (5000 hpa)
3,500 —=— Continuous (2300 hpa)
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LCC — 450W Circulator

Life cycle cost
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LCC — 90W Boller Integrated Circulators
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EUP Lot 11 Circulator report

End of chapter 7



