
In looking at the costs of owning and oper-
ating an industrial pump, it is now widely
accepted that we have to look at them from
every aspect. The true cost evaluation should
take account of all elements, from purchase to
scrapping - what we now define as Life Cycle
Costs (LCC).

Figure 1 is a definition of LCC using guide-
lines established by the VDMA (association of
German engineering shops).

In calculating LCC through time, we have
to take account of the service life of the pump
in years and allow for interest rate and infla-
tion to arrive at the real interest rate. The
formula also gives the ‘present value’ of each
cost element, Figure 2.

Factor examples and values for real inter-
est - taking account of inflation - are worked
out in Figures 3 and 4. 

The theme of this article is an investigation
undertaken in 2005 in which I examined the
comparative lifetime costs of i) four types of
pump well known in the process industries
and ii) one which is less well known, but
which in its field can be regarded as an inter-
esting and viable alternative. The pump types
considered are:

the centrifugal pump
the side-channel pump
the peristaltic pump
the membrane piston pump and
the ‘Hydra-Cell’ pump.

Each of these is generically different from other
types of pump, and (with the exception of the
Hydra-Cell, which is manufactured by Wanner)
is produced by more than one company.
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A Comparative Study of Pump Life
Cycle Costs

The author presents a
survey of the comparative
life cycle costs (LCC) of 5
pumps, four of which are
well known in the paper
industry and one which
offers mills a cost effective
alternative. 

The survey covered 3
sizes of each type of pump -
operating at i) flow rates
from 1m3/hr to 8m3/hr; and
ii) specific pressures from 5
to 100 bar. The results
showed that in terms of LCC:

• The Hydra-Cell, which
has an 85% efficiency at
high pressure, is the most
economic pump overall
and it can pump abrasive,
viscous, corrosive liquids
and liquids with particles. 

• The side-channel pump is
comparable, within its
pressure range, but it can
only handle clean fluids. 

• Centrifugal pumps are for
low pressures and high
flow rates. 

• The peristaltic pump - its
LCC is increased by its
high consumption of
replacement tubes. 

• Membrane piston pumps
are very efficient, but
their costs - investment,
spare parts and labour
when changing mem-
branes - are extremely
high. The LCC of this
pump can be up to 3
times higher than that of
the Hydra-Cell.

Short term, money might
be saved by buying a cheap
pump - but how long will it

Figure 1

Elements of Life Cycle Costs (LCC) 

LCC = Cic + Cin + Ce + Co + Cm + Cs + Cenv + Cd

Cic = initial cost 
Cin = installation and commissioning cost 
Ce = energy costs 
Co = operating cost
Cm = maintenance and repair costs
Cs = down time and loss of production cost
Cenv = environmental cost 
Cd = decommissioning and disposal cost

Figure 2

Calculation of LCC
CnDiscounting Cp = –––––––––

[1+(i–p)]n

where
n = number of years 
i = interest rate 
P = annual inflation
i – p = real discount rate
Cn = cost paid after “n” years
Cp = present value of a single cost element

Present Value PV = ∑ Cpx
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When comparing the LCC of different
types of pump, we must assume common val-
ues for factors such as inflation and interest
rates. And some elements of LCC can be
excluded as being dependent on individual
circumstances. For example, downtime caus-
ing loss of production may be very high but is
very difficult to calculate in this context.
Other elements, such as installation and com-

Common elements and exclusions
LCC can be a valuable tool in purchase

decisions and budget forecasting. The concept
is also useful in comparing one type of pump
with another. It is less useful for comparing
pumps of the same type. For example,
between two centrifugal pumps of similar
capacity and material specification, differ-
ences in LCC will be relatively minor.
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be before repair costs,
energy consumption and
possible production losses
cancel out the original sav-
ing? Life Cycle Costs are
important.

Figure 3 Factor Cp/Cn for a single cost element after n years

LCC calculation    factor Cp/Cn

0.070.090.120.160.210.270.350.460.590.7711.301.6930

0.110.130.170.210.260.330.410.510.640.8011.251.5625

0.160.190.230.280.340.400.480.580.690.8311.201.4420

0.250.280.330.380.430.500.570.660.760.8711.151.3215

0.390.420.470.510.560.620.680.750.830.9111.101.2110

0.420.460.500.550.600.650.710.770.840.9211.091.199

0.460.500.540.580.630.680.740.790.860.9311.081.178

0.510.540.580.620.670.710.760.820.870.9411.071.157

0.560.590.630.670.710.750.790.840.890.9411.061.126

0.610.650.680.710.750.780.820.860.910.9511.051.105

0.680.700.730.760.790.820.860.890.930.9611.041.084

0.740.770.790.810.840.860.890.920.940.9711.031.063

0.820.840.850.870.890.910.920.940.960.9811.021.042

0.910.910.920.930.940.950.960.970.980.9911.011.021

109876543210-1- 2No. of years (n)

Real interest rate (nominal interest rate minus inflation rate)

Figure 4 Discount factor (df) for constant yearly expenditures

LCC calculation    discount factor

9.4310.211.212.4113.715.317.2919.6022.4025.8130.0035.1941.6630

9.089.8210.611.6512.714.015.6217.4119.5222.0225.0028.5632.8525

8.519.139.8210.5911.412.413.5914.8816.3518.0520.0022.2624.8920

7.618.068.569.119.7110.311.1211.9412.8513.8715.0016.2717.2015

6.146.426.717.027.367.728.118.538.989.4710.0010.5711.1910

5.766.006.256.526.807.117.447.798.168.579.009.479.979

5.335.535.755.976.216.466.737.027.337.658.008.378.778

4.875.035.215.395.585.796.006.236.476.737.007.297.607

4.364.494.624.774.925.085.245.425.605.806.006.226.446

3.793.893.994.104.214.334.454.584.714.855.005.155.315

3.173.243.313.393.473.553.633.723.813.904.004.104.214

2.492.532.582.622.672.722.782.832.882.943.003.063.123

1.741.761.781.811.831.861.891.911.941.972.002.032.062

0.910.920.930.930.940.950.960.970.980.991.001.011.021

109876543210-1- 2No. of years (n)

Real interest rate (nominal interest rate minus inflation rate)



gated - 3 sizes of each type, to match speci-
fied flow rates from 1m3/hr to 8m3/hr. In each
case LCC was calculated for operation at spe-
cific pressures from 5 to 100 bar. 

In practice, not all the pump types are
suited for operation in all circumstances.
Limiting factors include pressure, tempera-
ture, solid content, hazardous fluids and pump
pulsation.

Methodology: In each case, all data was
provided by the pump manufacturer. For each
type of pump a prominent reputable manufac-
turer was chosen as representative. Each
company was requested to select and price its
most appropriate model to best meet given
operating criteria, including flow, pressure
and liquid specifications. The same set of
requirements was given to each pump com-
pany. 

Data was also requested on manufacturer’s
recommendations for routine maintenance,
costs of spare parts and labour for repairs, and
the expected time between repairs. The
required operational duty was 4000 hrs/year,
based on 50% of the 8000 hours available in
the year.

Figure 6 shows operating data and pump
data relating to one type of pump, the Hydra-
Cell. Equivalent data was established for each
type of pump over a hypothetical 10-year
period. Zero values indicate that a particular
element has been excluded for all pump types. 

missioning, decommissioning and disposal
and environmental costs, can be ignored for
comparison purposes.

However, as this study confirmed, there
can be significant differences between types
of pump when comparing:

• Initial cost (which includes motor, base
plate, couplings etc.)

• Energy cost.
• Routine maintenance cost.
• Repair cost.

The investigation: scope and methodology
The Scope of the investigation is shown in

Figure 5. Five types of pump were investi-
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atad gnitarepO

etarwolf 1 m3 h/ 2,82,82,82,82,42,42,42,44,14,14,14,1
daeh m2 057005001050570050010505700500105

ytisned 3 md/gk 3 111111111111
ytisocsiV.menik 4 mm 2 s/ 111111111111

 hWk rep ecirp ygrene 5 80,080,080,080,080,080,080,080,080,080,080,080,0
rhaJ rep sruoh gnitarepo h6 000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4

sraey fo rebmun - 7 010101010101010101010101
etar tseretni %8 999999999999
etar noitalfni %9 000000000000

atad pmuP

53G53G53G53G52G52G52G52G01G01G01G01GepyT
etagergga pmup 01 002.51008.41051.41009.31891.8891.8891.8095.3007.3006.3004.3003.3
cte retrevnI .dda 11 000000000000

etagergga etelpmoc 11+0121 002.51008.41051.41009.31000.8005.7009.6008.6007.3006.3004.3003.3
tsoc gninoissimmoc a noitallatsni 31 000000000000

ciluardyh ,rewop Wk763/3*2*141 8,612,112,21,16,87,51,16,09,29,14,02,0
ycneiffe %51 977785549777956497778554

dednamed ,rewop Wk61 2,125,419,35,29,014,79,13,16,35,27,04,0
raey rep tsoc ygrene 61*7*671 887.6346.4332.1497574.3773.2226104951.1397012631

raey rep tsoc gnitarepo 81 000000000000
raey rep tsoc ecnanetniam enituor 91 001001001001001001001001001001001001

riaper rep strap eraps 02 009009009009055055055055053053053053
riaper rep tsoc ruobal 12 051051051051051051051051051051051051

sriaper neewteb emit h22 000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4000.4
 stsoc riaper sruoh gnitarepo 0008 rep 0008*22/)12+02(32 001.2001.2001.2001.2004.1004.1004.1004.1000.1000.1000.1000.1

raey rep stsoc riaper 6*0008/3242 050.1050.1050.1050.1007007007007005005005005
raey rep stsoc ecnanetniam 52 051.1051.1051.1051.1008008008008006006006006

raey rep stsoc emitnwod 52 000000000000
raey rep stsoc rehto 72 000000000000

stsoc gninoissimmoced 82 000000000000

Figure 5

Figure 6 Input

Scope of investigation
Flowrate 1.4 4.2 8.4 m3/h
Pressure 5 10 50 75 100 bar

HydraCell Pump

Centrifugal Pump

Sidechannel Pump

Peristaltic Pump

Membrane Piston Pump



performance, maintenance requirements and
LCC.
• The first comparison in Figure 10 (Pump

Comparison (1)) shows operational
assumptions, which are the same for each
pump.

• Figure 11, (Comparison (2)) shows
pump-to-pump differences in initial cost,
pump efficiency and energy costs.

• Figure 12 (Comparison (3)) reveals dif-
ferences in maintenance, repair costs and
expected frequency of repair for the five
types of pump.

• Figure 13 (Comparison (4)) brings together
these differences in the context of total LCC
for each type of pump at a flow of 1.4m3/hr
and 50m head (pressure of 5 bar).

In Figure 7, the data from Figure 6 is used
to calculate LCC for each of the 3 Hydra-Cell
pumps working at 4 different pressure levels.

The chart in Figure 8 (Results 1) presents
the results from Figure 7 as a bar chart, with
data grouped by pressure level. In Figure 9
(Results 2) the same data is grouped by flow
rate and presented as a chart. 

Data from each of the five manufacturers
was now set down to provide a basis for com-
parison between pump types. The figures in
the Pump Comparison tables (1), (2), (3) and
(4) relate to pumps in the small size/flow cat-
egory working at low pressure.

Figures 10 to 13 provide a detailed com-
parison of the pumps - starting with
operational assumptions and covering cost,
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epyT 53G53G53G53G52G52G52G52G01G01G01G01G

etagergga etelpmoc 1 002.51008.41051.41009.31000.8005.7009.6008.6007.3006.3004.3003.3

tsoc gninoissimmoc dna noitallatsni 2 000000000000

stsoc tnemtsevni laitinI 2+13 002.51008.41051.41009.31000.8005.7009.6008.6007.3006.3004.3003.3

raey rep stsoc ygrene 4 887.6346.4332.1497574.3773.2226104951.1397012631

raey rep stsoc gnitarepo 5 000000000000

raey rep stsoc ecnanetniam 6 050.1050.1050.1050.1007007007007005005005005

raey rep stsoc emitnwod 7 000000000000

raey rep stsoc rehto 8 000000000000

stsoc ylraey fo mus 8 ot 39 838.7396.5382.2448.1571.4770.3223.1101.1956.1392.1017636

)p-i,n(f=)2 elbat ees fd rotcaf tnuocsid -01 24,624,624,624,624,624,624,624,624,624,624,624,6

stsoc ylraey fo eulav tneserp 01*911 103.05435.63056.41738.11697.62647.91284.8560.7646.01692.8065.4970.4

stsoc gninoissimmoced 21 000000000000

)p-i,n(f=)1. elbat ees( pC / pC rotcaf -31 24,024,024,024,024,024,024,024,024,024,024,024,0

stsoc gninoissimmoced fo eulav tneserp 31*2141 000000000000

tluseR

stsoC elcyC efiL 41+11+351 105.56433.15008.82737.52697.43642.72283.51568.31643.41698.11069.7973.7

stsoc ygrene eulav tneserp - 11*461 265.34697.92119.7890.5403.22352.51099.3375.2734.7780.5153.1078

stsoc ecnanetniam eulav tnesep - 11*671 937.6937.6937.6937.6294.4294.4294.4294.4902.3902.3902.3902.3

Figure 7 LCC calculation

Figure 8 Results (1) Figure 9 Results (2)
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Figure 10 Pump comparison (1) 1.4 m3/h  50 m

Figure 11 Pump comparison (2) 1.4 m3/h  50 m

Figure 12 Pump comparison (3) 1.4 m3/h  50 m

Type Hydra Centrifugal Side Peristaltic Membrane
Cell channel P. Piston P

G10 32-200 1204 VF25 LDB/3

pump aggregate 10 € 3,300 3,550 3,400 1,968 8,700

add.Inverter etc 11 € 500

complete aggregate 12  10+11 € 3,300 3,550 3,400 1,968 9,200

installation and
commissioning cost 13 €

power, hydraulic 14  1*2*3/367 kW 0.19 0.19 0.19 0.19 0.19

efficiency 15 % 45 19 19 27 55

power, demanded 16 kW 0.4 1.0 1.0 0.7 0.3

energy cost per year 17  6*7*16 € 136 321 321 226 111

Type Hydra Centrifugal Side Peristaltic Membrane
Cell channel Piston

G10 32-200 1204 VF25 LDB/3

flowrate 1 m3/h 1.4 1.4 1.4 1.4 1.4

head 2 m 50 50 50 50 50

density 3 kg/dm3 1 1 1 1 1

kinen. viscosity 4 mm2/s 1 1 1 1 1

energy price per kWh 5 € 0.08 0.08 0.08 0.08 0.08

operating hours per year 6 h 4,000 4,000 4,000 4,000 4,000

number of years 7 - 10 10 10 10 10

interest rate 8 % 9 9 9 9 9

inflation rate 9 % 0 0 0 0 0

Type Hydra Centrifugal Side Peristaltic Membrane
Cell channel Piston

G10 32-200 1204 VF25 LDB/3

operating cost per year 18 € 0 0 0 0 0

routine maintenance cost
per year 19 € 100 100 100 100 250

spare parts per repair 20 € 350 400 450 170 1,550

labour cost per repair 21 € 150 1,000 1,000 150 2,000

time between repairs 22 h 4,000 16,000 16,000 1,000 8,000

repair costs per 8000
operating hours 23 (20+21)/22*8000 € 1,000 700 725 2,560 3,550

repair costs per year 24 23/8000*6 € 500 350 363 1,280 1,775

maintenance costs 
per year 25 € 600 450 463 1,380 2,025

downtime costs per year 26 € 0 0 0 0 0

other costs per year 27 € 0 0 0 0 0

decommissioning costs 28 € 0 0 0 0 0



cost and high repair costs. The membrane-pis-
ton pump, though energy efficient, has easily
the highest initial cost and is expensive to
repair.

Parallel analysis was applied to values for
larger sized pumps, representing the 5 types at
higher flow rates. The bar chart in Figure 15
(Comparison (6)) shows the LCC for the
pumps delivering 8.2m3/hr, again operating at
low pressure (5 bar). In these circumstances,
Centrifugal pumps showed the lowest LCC.

For higher pressure applications (above 10
bar), only the Hydra-Cell and membrane pis-
ton pumps are taken into account, as the other
types in our survey cannot usefully be consid-
ered for working at these pressures. The bar
chart in Figure 16 (Comparison (7)) shows
that the LCC for the Hydra-Cell pump is much
lower than for the membrane-piston pump -
its only real alternative at the higher pressure.

All of these differences are expressed
graphically in the bar chart in Figure 14
(Comparison (5)). It shows that at low flows
and low pressures the LCC for Hydra-Cell,
centrifugal and side-channel pumps are simi-
lar. The peristaltic pump has the lowest initial

PAPER TECHNOLOGY OCTOBER/NOVEMBER 2006   PUMP LIFE CYCLE

26

Figure 13 Pump comparison (4) 1.4 m3/h  50 m

Type Hydra Centrifugal Side Peristaltic Membrane
Cell channel Piston

complete aggregate 1 € 3300 3550 3400 1968 9200

installation and commissioning cost 2 € 0 0 0 0 0

initial investment costs 3   1+2 € 3,300 3,550 3,400 1,968 9,200

energy costs per year 4 € 136 321 321 226 111

operating costs per year 5 € 0 0 0 0 0

maintenance costs per year 6 € 600 450 463 1,380 2,025

downtime costs per year 7 € 0 0 0 0 0

other costs per year 8 € 0 0 0 0 0

sum of yearly costs 9   3 to 8 € 736 771 784 1,606 2,136

discount factor df see table 2)=f(n,i-p) 10 - 6.42 6.42 6.42 6.42 6.42

present value of yearly costs 11   9*10 € 4,721 4,950 5,030 10,307 13,708

decommissioning costs 12 € 0 0 0 0 0

factor Cp / Cp (see table 1)=f(n,i-p) 13 - 0.42 0.42 0.42 0.42 0.42

present value of decommissioning costs 14   12*13 € 0 0 0 0 0

Result

Life Cycle Costs 15   3+11+14 € 8,021 8,500 8,430 12,275 22,908

of which are energy costs 16   4*10 € 870 2,062 2,062 1,451 712

of which are maintenance costs 17   6*10 € 3,851 2,888 2,968 8,856 12,996

Figure 14 Pump comparison (5)

Figure 15 Pump comparison (6)
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8.2 m3/h   50 m
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Figure 16 Pump comparison (7)
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The bar charts in Figures 17, 18 and 19
LCC comparison survey (1), (2) and (3) pro-
vide the results of a comparison surveys and
present a graphical summary of the results of
the investigation into Life Cycle Costs. The
results are arranged by size of pump. 

• Figure 17 shows the results of Survey (1)
which covers pumps capable of a flow
rate of 1.4m3/hr. 

• Figure 18 shows the results of Survey (2)
which covers pumps capable of 4.2 m3/hr.
Figure 19 shows the results of Survey (3)
which gives results for larger pumps, able
to deliver 8.2 m3/hr.

Each survey chart relates the LCC of the
pump to the five pressure levels at which it is
operating. That is 5 bar, 10 bar, 50 bar, 75 bar
and 100 bar. As previously noted, centrifugal,
side-channel and peristaltic types have not
been taken into account for operating at pres-
sures above 10 bar (100m head).

From our survey, whose overall results are
summarized in these three charts, we can
draw certain conclusions.

In terms of LCC, the Hydra-Cell, whose
efficiency at high pressure is around 85%, is
the most economic pump overall in the con-
sidered range, and it can pump abrasive,
viscous, corrosive liquids and liquids with
particles. 

The LCC of the side-channel pump is com-
parable, within its pressure range, but the
pump can only handle clean fluids. 

Centrifugal pumps are for low pressures
and high flow rates. The LCC of the peristaltic
pump is increased by its high consumption of
replacement tubes. 

Membrane piston pumps are very efficient,
but their investment cost and the costs of
spare parts and labour when changing mem-
branes are extremely high. The Life Cycle
Cost of this type of pump can be up to 3 times
higher than that of the Hydra-Cell.

LCC is of course not the only factor in a
pump purchase decision. First there is the task
the pump has to perform. The pump has to
pump a fluid, which may have special charac-
teristics. For example, it could be corrosive,
viscous or non-lubricating - and the pump
will have to operate under specific conditions
of flow rate, pressure and temperature. There
may be other requirements, such as low pul-
sation and the ability to perform to standards
of strict accuracy. And the pump must be reli-
able.

If more than one type of pump can handle
the task, LCCs have to be compared. Short
term, money might be saved by buying a
cheap pump - but how long will it be before
repair costs, energy consumption and possible
production losses cancel out the original sav-
ing? Life Cycle Costs are important.
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Figure 17 LCC comparison survey (1)
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Figure 18 LCC comparison survey (2)
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Figure 19 LCC comparison survey (3)
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