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Energy Savings
From Pump Impeller Trimming

By Gurvinder Singh, PE.
Member ASHRAE

and

John W, Miichell, Ph.D., PE.
Fellow ASHRAE

recent study assessed the extent of pump oversizing
in commercial office building heating and cooling
systems. The study was used to estimate the poten-
tial energy savings made possible by trimming the
pump’s impeller to match the actual system head requirements.
The objective of estimating the potential energy savings was
to provide both design engineers and building owners with data
on the benefits of pump impeller trimming, thereby demon-
strating the feasibility of this approach as a means of improv-
ing building operating efficiency.

The study was based on data collected from 14 large commer-
cial office buildings in the city of Madison, Wis. In each build-
- ing, measurements were taken to determine the extent of pump
oversizing, This information was used to estimate the cost and
energy savings associated with pump impeller trimming.

The results of the study from these buildings show that
pumps in large commercial office buildings are oversized and
that substantial savings can be realized if the pump impeller is
trimmed to the proper size. The average electrical demand
savings for each building during the summer months was ap-
proximately 6 kW, while the average annual energy savings
were close to 28,000 kWh. The resulting annual cost savings
came to $1,220, and with an average trimming cost of $1,540
per building, the simple payback was 1.3 years.

In addition to the short payback, pump impeller trimming is
an attractive energy conservation opportunity because it is easy
to implement, and the work can be carried out without disrup-
tion to the building’s normal operation. In the study, most sys-
tems had 100% standby capability, hence one pump could con-
tinue operating while the other is modified.

Pumps in Heating and Cooling Applications

Heating systems are generally of the variable flow type,
employing two-way modulating control valves at their termi-
nal units. Cooling systems are usually designed to maintain a
constant flow through chillers. Constant flow is achieved by
using three-way automatic control valves on the condenser side
and a primary-secondary arrangement on the chilled water side.
The primary pumps maintain constant flow through the chill-
ers whereas the secondary side is variable flow. The second-
ary pump is often fitted with a variable speed drive, essentially
eliminating the need for trimming impellers in these pumps. In
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this study. three building pumps were evaluated for energy
savings from impeller trimming: heating pumps, primary
chilled water pumps and condenser pumps.

Pump Oversizing Practices

Pump oversizing often stems from prudent engineering prac-
tices such as:

» Incorporating safety factors into the design to accommo-
date unexpected field changes that may arise during construc-
tion and that may increase the pump’s system resistance re-
quirements. Pipe routing changes or equipment substitution with
an “or equal” are common changes that can also increase the
total system head requirements.

* Future expansion plans, which often result in oversizing
for immediate needs.

The oversized pumps resulting from such design consider-
ations then must have their excess capacity counterbalanced in
the field. Balancing valves located at the pump discharge are
typically used to achieve this goal. The balancing valve intro-
duces an artificial head in the system, which causes the pump
to “ride” up its head-capacity curve or pump curve until design
flow is attained. This wastes energy due to excessive pressur-
ization of the hydronic system and losses at the balancing valve,
Specifying the design flow to be set by trimming the pump im-

 peller instead of throttling the balancing valve can significantly

reduce these losses.

The design engineer then has an ideal situation: continuing
the practice of specifying pumps that are large enough to cover
any unforeseen contingencies and achieving energy-efficient
pump operation. When facility expansion is anticipated a few
years later, the energy savings from the trimmed impeller in
the interim period, before the expansion, will usually more than
pay for a larger impeller later.

Field Data

Building selection for the study was influenced by the will-
ingness of building engineers to participate in the study and
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the size of the facility. The building sizes
were limited to over 60,000 ft*(5 570 m?)
because smaller buildings often use pack-
aged rooftop cooling units that do not
have any pumps. Larger buildings typi-
cally use central systems that were better
suited to this study. They also represent
a major portion of the total office build-
ing space in the United States. The En-
ergy Information Administration’s Com-
mercial Buildings Energy Consumption
Survey data estimates that there are some
38,000 buildings in the United States with
an average floor space area greater than
50,000 ft2 (5 570 m?).! These buildings
represent 53% of the total office build-
ing floor space area built in the United
States.

Field data collection centered on mea-
suring the pressure generated across the
pumps used in each system. Portable
Bourdon-type pressure gages and pres-
sure test plugs were used for taking pump
suction/discharge pressure readings.
Some cooling tower systems required the
use of a 5 to 30 in. Hg (17 to 101 kPa)
vacuum gage to take the suction pres-
sure readings. The remainder of the read-
ings were taken with a 0 to 100 psi
(0 to 690 kPa) pressure gage.

Shut-off head and full-flow head read-
ings were taken for each pump. The shut-
off head reading was taken with the bal-
ance valve fully closed and then used to
establish the actual pump impeller size.
The shut-off head reading was plotted on
the pump manufacturer’s factory-verified
pump curves. The impeller size is the one
that corresponds to the shut-off head.

The full-flow head pressure is obtained

by setting the balancing valve and all-of

the automatic control valves in the sys-
tem to the 100% open position. This was
done to simulate the system’s actual re-
sistance at full-flow conditions. The au-
tomatic control valves were opened by
relieving the control air to the normally
open heating valves, and sending maxi-
mum control air to the normally closed
cooling valves.

Energy Savings Calculations

The first step in making the energy
calculations was to plot the field measure-
ments onto the pump’s factory-verified
pump curve data. The pump’s shut-off
head reading was used to sketch the ac-
tual pump curve on the manufacturer’s
factory-verified pump curve data (Fig-
ure 1, point D). The pump curve is then
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Figure 1: Pump head-capacity curve for Building Two.
(Note: this figure is for illustration purposes only and does not represent a real pump curve.)

A = Engineering (Design) Pump Operating Point: 475 gpm [30L/s] @ 70 ft head [209
kPa].

B = Measured (Actual or full-flow) Pump Operating Point: 600 gpm [37. 9L/s] @ 64.7
head [193 kPa], ~12 bhp [9 kW].

C = Optimum (Desired) Pump Operating Point: 475 gpm [30L/s] @ 40.5 ft head [121
kPa], ~6 bhp [4.5 kW].

D = Shut-off Head: Establishes pump’s impeller size and thus the actual pump curve.

Point C is obtained by the intersection of the design flow requirement, which is a vertical line
at 475 gpm [30 L/s], and the system resistance curve, which passes through the actual
operating point at 600 gpm [37.9 L/s] @ 64.7 ft head [193 kPa] and is obtained from
pump affinity laws:

(hi/hd = (QYQ)? ====> h. = 0.00018(Q.
where,
hy he = Head af Points B and C respectively
@,/ Q. = Flow rate at Points B and C respectively
Energy Demand Savings at Full-Flow Conditions

= (12-6) bhp x 0.746 kW/bhp = 4.5 kW

Demand Savings = 2/3 x 4.5 = 3 kW

hours per yeor:

Assuming Part Loading at 20% (see text for explanation):

Because Building Two’s pump serves o wafer source heat pump system, il operates 8,760

Annual Energy Savings = 3 kW x 8,760 hours/year = 26,280 kWh/year.

used to determine the operating point.
The pump curve and the pump head value
at full-flow intersect at the operating
point (Figure I, point B).

The flow rate at the operating point is
read off from the horizontal axis and is
compared with the design or nameplate
flow rate to determine if the pump is over-
sized. If the flow rate at the operating
point at the full-flow condition indicates
a flow greater than the design or name-
plate flow (as sliown in Figure I by point
B), then the pump is oversized and the
impeller can be trimmed.

Next, the amount of required trimming
is established from the intersection of the
design flow and the system resistance
curve (Figure 1. point C). The system
resistance curve is drawn using the val-

ues of flow and head at the full-flow op-
erating point. The system resistance fol-
lows the pump affinity equations:

(Q/Q) = (h//h,), where

Q,, h,=The actual measured flow rate
and pump head

Q, = The selected flow rate

h, = The head corresponding to Q,

Where the system resistance curve
meets the design flow value determines
the new impeller diameter and also the
head’s actual resistance in the system at
design flow (Figure 1, point C). This rep-
resents the optimum or desired operat-
ing point. Once the desired operating
point is established, the energy savings
can be calculated.
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1 1994 5 1.6 5,790 7.5 0.1 400
2 1991 15, .3 26,410 - - S
3 1952 7.5 0.5 1,690 15 2.9 8,600
. 4 1966 5 .07, 2,410 - - -
5 1994 7.5 1.9 6,750 - - - - - -
6 1972 15 45 16,400 25 4.5 13,400
7 1974 30 3.4 12,300 - - - - - -
8 1986 |- - - - = 50 40,600 |
9 1989 15 5.5 19,780 20 3.2 9,600 40 6.5 19,400
10 1981 - - e R L 23
n 1989 7.5 1.3 4,820 10 0 0 25 43 12,440
12 . d970 | 10 ii2 0560 |20 inss
13 1984 5 0.5 1,690 - - - - - -
4 972 25 87 13,270 1577 38 357
Average: - - 1.7 8,710 - 2.5 8,110

Table 1: Summary of electrical demand and annual energy savings by building.

The savings from the heating pumps and the cooling pumps
are calculated separately. The annual energy savings for the
heating pumps are calculated with the assumption that they
are operating at a part load condition for a significant portion
of the time. This is mainly due to two factors:

+ Pump flow rate is non-linear with respect to terminal heat
output.” Therefore, in a low-temperature water system that has
a supply temperature of 180°F (82°C), the terminal heat out-
put is about 90% of the design capacity at 50% of design flow
rate. Since buildings are normally at part load conditions, the

-actual flow rates in the system is considerably lower than de-
sign.

» Good design practice suggests that internal gains such as
lighting should not be used to discount the building’s design
heat loss. In actual operation the building load is less than the
design and results in the building operating at part load during
occupied hours.

Because of these factors, it was reasoned that the heating
system operates at part load conditions for a significant por-
tion of the season. These part load factors were incorporated
into the energy savings calculations by examining how the
boiler hp or demand savings—estimated at full-flow condi-
tions—varied with the building heating load. Using this obser-
vation, a demand savings estimate was produced that was rep-
resentative of the season.

The difference in boiler hp, or demand savings, was em-
pirically observed on the pump curve data and found to vary
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with the pump flow. When the pump flow went from full-
flow down to 20%-—corresponding to a building-heating load
of 20%-—the demand savings decreased by approximately
33%. Therefore, to make conservative energy savings esti-
mates, the heating pumps were assumed to be loaded 20% on
average. The demand savings at this loading were selected as
representative of the whole season and used in the energy sav-
ings calculations.

The cooling system boiler hp savings measurements did not
require adjustments for part load conditions because both the
primary chilled water pumps and the condenser pumps have a
constant load characteristic. Their flow rates are independent
from building load changes.

Finally, the annual hours of operation for the heating pumps
used in Table 1 were determined by asking the building engi-
neers how long they ran the pumps, and in some cases. esti-
mates were made from the outside temperature setting used for
automatically turning the heating pumps on/off. In Table I the
heating season energy use was based on 3,600 annual operat-
ing hours. The annual hours of operation for the cooling sys-
tem pumps were obtained by dividing the chillers’ cumulative
hour log data by the number of seasons the chiller had been in
operation. Table I calculations for cooling energy savings used
2,000 annual operating hours.

Results

The results of the energy savings analysis are summarizec
in Table 1. In some buildings no pressure test taps were founc
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1 188 67 14 4 899 312 1484 2400 1.6
C2 856 126 . - - - 7982 L 800 0.8
3 55 21 291 102 - 469 1600 3.4
S48 ) 29 e - D7 800 ani7s
5 219 80 - - - 299 800 2.7
R <1 R SR T : 635 270 .
7 398 143 - - -
8 I - K :’.54’73 _
9 641 231 112 656 228 2400 1]
100 - - 414 81 \
n 55 - 0
12 50 193
13 55 21 - -
4140 430 i 155 iedl7 o083 | noesgo 210 | 20047
Average: ~ $282 $71  s274 $88 $389 $119 $1,220 $1,540 1.3

Note: 1. For calculating the demand charges it was assumed that the heating season is from the beginning of Octfober to the end of April, and the
remaining months comprise the cooling season. Further, the heating pumps are only operated in the heating season, and the CW and condenser pumps

operate only during the cooling months.

Table 2: Summary of fotal cost savings and the simple payback of Building One.

at the pumps, whereas in others it was difficult to simulate the
full-flow condition through the conirol system. Therefore, as
Table 1 shows, data from only 12 heating pumps, nine chilled
water (CW) primary pumps and seven condenser water pumps
were collected, representing 67% of the total pumps.

The total average savings in summer electrical demand per
building were approximately 9 kW and the average annual en-
ergy savings per building were 28,000 kWh. These averages
reflect savings based on only 67% of the total pumps. Greater
-savings can be expected on average if the limitations men-
tioned earlier are overcome. If a pump’s life is 10 years, then
the total savings will be 280,000 kWh.

Discussion of Findings: Several observations were made
with respect to the operating efficiency of heating and cooling
pumps in the 14 buildings:

« It was discovered that the balancing valves on almost
all the pumps were in the fully open position with the re-
sult that the actual flow rate was greater than the design
requirement (Figure I, Point B). Although these pumps may
have been balanced when the building was new, the bal-
ance valves were no longer at their balanced settings. This
situation results in more energy consumption by the pumps
than if the balancing valves are throttled to achieve design
flow (Figure 1, point A).
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» In two cases the pumps were so oversized that trim-
ming the impeller down to the smallest diameter recom-
mended by the manufacturer still would have left the pumps
generating more head and flow than design requirements.
A better solution is to replace the existing 1750 rpm motor
with a smaller size low-speed 1150 rpm motor. This can be
accomplished with minor field modifications to the moior
base. In addition, the motor efficiency would improve
slightly because the smaller motor will be more fully
loaded.’

« One building had recently implemented a major light-
ing energy conservation retrofit. This significantly reduced
cooling and thus CW flow requirements, which meant that
the original design cooling system flow rates were no longer
valid and the new flow rate requirement at the decreased
load needed to be determined. The new flow requirement
can be determined by observing the maximum loading on
the chiller in the first cooling season following the lighting
retrofit and comparing this with the minimum flow rate limit
of the chiller. The greater of the two establishes the new
CW flow requirements of the system. When the new CW
flow rate has been established, the pump impeller can be
trimmed to meet that flow.
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Economics of Pump Impeller Trim-
ming: Two factors affect the economics
of pump impeller trimming: the trimming
cost and the electric rates. Trimming cost
consists primarily of labor. The total la-
bor time involved will vary for each site
because of factors such as the accessibil-
ity of the pump, the size of the pump, the
location of the building site from the
contractor's machine shop and the
amount of trimming needed. The time
needed to balance 5 to 75 hp (3.7 to 56
kW) pumps in accordance with the Hy-
draulics Institute’s Centrifugal Test Code
is eight hours.* In the study, a two-per-
son per day labor estimate was preferred.
With a labor rate of $50 per hour the to-
tal trimming cost is $800 per pump. This
trimming cost was used in the calcula-
tions in Table 2.

The electric rates were obtained from
the local utility. The utility rates are seg-
regated by season and are slightly lower
in the winter, which is a non-peak sea-
son. The winter rates comprise energy
charges of $0.032 per kXWh consumed
with a demand charge of $6 per kW.
Similarly, the summer rates are $0.034
per kWh and $7 per kW. For purposes of
this study, the seasonal changeover dates
for the utility’s rates were assumed to
coincide with the building pumps. This
simplified the energy savings calcula-
tions. It is worth noting that these elec-
tric rates are much lower than the national
average electric rates. In comparison the
national average electric rates for com-
mercial use are $0.076 per kWh,5 and so
the energy savings in other parts of the
country may be higher on average.

A simple payback was calculated for
each building and is shown in Table 2.
Ten of the 14 buildings had a simple pay-
back of less than two years, two build-
ings had a payback of less than four years
and two had paybacks greater than five
years. The total savings ranged from less
than $100 per year to a maximum of
$2,400 per year. Using an average cost
savings of $1,220 and assuming the
building pumps have a life of 10 years,
the total average savings that can be ex-
pected over the life of the pump are
$12,200.

Conclusion

Pump impeller trimming has several
advantages, the first of which is a short
simple payback (often the criteria driv-
ing project implementation decisions).
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The simple payback was discovered to
be less than two years for most buildings.
Another advantage is that the impeller
trim balancing procedure is relatively
simple to implement. It is based on well
understood—albeit seldomly applied—
engineering principles.

The implementation requires com-
monly available pressure measuring
instruments, such as a differential pres-
sure gage or Bourdon pressure gages
with pressure test plugs. The actual
impeller trimming process involves
two steps: trimming the impeller and
balancing it, usually with a dynamic
or static balancing apparatus. The nec-
essary equipment is commonly avail-
able in machine shops. ‘

Finally, all of the systems in the
study were found to have a 100%
standby pump so that impeller modifi-
cations in a retrofit application could
be carried out in mid-season without
disrupting building operations or com-
fort.

Pump impeller trimming could be
economically beneficial to large end-
users such as universities, school dis-
tricts, and state and federal buildings,
which have a large number of pumps in
use.

The operating efficiency of pumps-can
be improved in existing buildings and
new construction projects. Existing build-
ings exhibit a potential for energy sav-
ings. In this study more than 90% of the
27 pumps studied showed a potential for
saving energy and reducing pump oper-
ating costs.

Impeller trimming can also be used
on new projects. In fact, the benefits
in new projects may be greater than in
an existing building, since the incre-

~mental cost of the impeller trimming

will be lower than in a retrofit appli-
cation. On new projects, the engineer
can specify the balancing contractor to
recommend the proper diameter impel-
ler and specify that throttling the bal-
ancing valve is unacceptable. Specifi-
cations must require the impeller to be
statically or dynamically balanced af-
ter trimming. It may be best to have

“the trimming done through the pump

manufacturer to ensure quality for the
pump’s performance. The manufac-
turer can also furnish an updated name-
plate tag that reflects the as-built con-
dition of the pumps.
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