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PUMPING

A Comparative Study of Pump Life Cycle Costs

The theme of this article is an investigation undertaken in 2005
in which the comparative lifetime costs of four types of pump
well known in the process industries and one which is less well
known, but which in its field can be regarded as an interesting
and viable alternative were examined. 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.

In looking at the costs of owning and operating an industrial pump, it
is now widely accepted that every aspect must be observed. The true
cost evaluation should take account of all elements, from purchase to
scrapping — what is now defined as Life Cycle Costs (LCC).

Fig. 1is a definition of LCC using guidelines established by the VDMA
(association of German engineering shops).

In calculating LCC through time, account should be taken of the
service life of the pumpin years and allow for interest rate and inflation
to arrive at the real interest rate. The formula also gives the "present
value’ of each cost element (Fig. 2).

Factor examples and values for real interest (taking account of in-
flation) are worked out in Figs. 3 and 4.

Elements of Life Cycle Costs (LEC)
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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 anoth-
er. Itis less useful for comparing pumps of the same type. For example,
between two centrifugal pumps of similar capacity and material speci-
fications, differences in LCC will be relatively minor.

When comparing the LCC of different types of pump, common values for
factors such as inflation and interest rates must be assumed. Also some
elements of LCC can be excluded as being dependent on individual cir-
cumstances. For example, downtime causing loss of production may be
very high, but is very difficult to calculate in this context. Other elements,
such as installation and commissioning, 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.

Scope of investigation (Fig. 5)

Five types of pump were investigated (3 sizes of each type, to match
specified flow rates from 1m3/h to 8m?%h) and in each case LCC was
calculated for operation at specific pressures from 5 to 100 bar. In
practice, not all the pump types are suited for operation in all circum-
stances. Limiting factors include pressure, temperature, solid content,
hazardous fluids and pump pulsation.

Investigative method

All data was provided by the pump manufacturer in each case. For
each type of pump a prominent reputable manufacturer was chosen
as representative. Each company was requested to select and price its
most appropriate model to best meet given operating criteria, in-
cluding flow, pressure and liquid specifications.

The same set of requirements was given to each pump company. 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
4,000 h/year, based on 50 % of the 8,000 hours available in the year.
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PUMPING
LCC calculation factor C,/C,,
Real interest rate (nominal interest rate menus inflation rate)
Mo. of vears (n) =2 =1 [#] 1 2 3 4 5 g T ] ) 10
1 1.02 | 1.01 1088 | 088 | 087 | 086 | 095 | 094 | 083 | 092 | 0891 | 0.9
2 104 | 102 | 1 | 088 | 096 | 084 | 092 | 091 | OB8 | OBF | 085 | 0.84 | 082
3 106 | 103 |1 | 057 | 094 | 082 | 085 | 086 | 0B84 | 081 | O.78 | 077 | O.74
4 1.08 | 104 | 1 | 086 | 083 | 088 | 0B8 | 082 | 079 | O.76 | O.73 | 070 | 0.68
5 110 | 105 | 1 | 085 | 001 | 086 | 0OB2 |O78 | OV5 | 071 | 068 | 065 | 0.81
8 112 | 108 | 1 | 094 | 0B8 | OB4 | 079 | O75 | O.71 | 067 | 083 | 0.59 | 0.56
7 115 | 107 | 1 | 094 | 0BT | 082 | 078 | 071 | 0OB7 | 082 | 0.58 | 0.54 | 0.51
B 117 | 108 | 1 | 083 | 086 | 079 | 074 | 068 | 063 | 0.58 | 0.54 | 0.50 | 0.46
8 119 | 108 | 1 | 082 | OB4 | 077 | 071 | 085 | 080 | 055 | 0.50 | 0.45 | D.42
10 121 | 110 | 1 | 091 | 083 | 075 | 068 | 062 | 056 | 0.51 | 047 | 042 | 0.39
15 1.2 1 115 | 1 | 087 | O.76 | 0B6 | 057 | 050 | 043 | 038 | 033 | 0.28 | 0.25
20 144 | 120 | 1 | 083 | 068 | 058 | 048 | D40 | 034 | 028 | 0.23 | 019 | 0.16
25 156 | 125 | 1 | 08B0 | 0G4 | 051 | 047 | 033 | 026 | 029 | 017 | 013 | O.NM
30 160 | 130 |1 | O77r | 058 | 046 | 035 | 027 | 021 | 016 | 012 | 0.08 | 0.07

Fig. 3: Factor C,/C» for a single cost element after n years

LCC calculation discount factor
Real interest raba [nominal inberest rate menus inflabon rate)

INo. of years(n} | -2 | -1 0 1 2 3 4 5 g 7 8 ] 10
1 1.02 1.0 1.00 0.98 098 087 086 | 085 | OGB4 | 083 | D83 | 082 | 0.8
2 206 | 208 | 200 | 197 | 194 | 191 | 180 | 186 | 183 | 181 | 178 | 1.78 | 1.74
3 312 | 306 | 300 | 204 | 288 | 283 | 278 | 272 | 267 | 262 | 258 | 253 | 2490
4 421 | 410 | 400 | 290 | 381 | 372 | 363 | 355 | 347 | 330 | 331 | 324 | 247
5 51 515 5.00 4 85 471 4 58 445 | 433 | 421 410 | 388 | 388 | 378
& G444 §.22 600 5 BD 5.60 542 524 5D | 4892 | 477 | 482 | 445 | 438
7 760 | 720 | 700 | 673 | 647 | 623 | 600 | 570 | 558 | 530 | 521 | 508 | 487
8 877 | 837 | 800 | 785 | 733 | 702 | 673 | 646 | 621 | 507 | 575 | 553 | 533
g 097 | 947 | 000 | as7 | 816 | 779 | 744 | 711 | 60 | 652 | 625 | 600 | 578
10 1118 | 1057 | 1000 | 84T 868 853 811 T2 a8 | 702 BT B42 | 614
15 1720 | 1827 | 1500 | 1387 | 1285 | 1184 | 1112 | 103 | &M 811 g58 | 808 | 7.81
20 2489 | 2226 | 2000 | 18105 | 1635 | 1488 | 1350 | 124 | 114 | 1059 | 982 | 913 | 851
25 3285 | 2856 | 2500 | 2202 | 1952 | 1741 | 1562 | 140 | 127 [ 1165 108 | 982 | 9.08
30 4186 | 3510 | 3000 [ 2581 | 2240 | 1080 | 1720 183 | 137 [1241] 112 | 102 | 042

Fig. 4: Discount factor (df) for constant yearly expenditures

Fig. 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.

In Fig. 7, the data from Fig 6 is used to calculate LCC for each of the
3 Hydra-Cell pumps working at 4 different pressure levels. The chartin
Fig. 8 (Results 1) presents the results from Fig. 7 as a bar chart, with
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data grouped by pressure level. In Fig. 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 pro-
vide a basis for comparison between pump types. The figures in the
Pump Comparison tables (1), (2), (3) and (4) relate to pumps in the
small size/flow category working at low pressure.

Figs. 10-13 provide a detailed comparison of the pumps — starting






