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EXECUTIVE SUMMARY

Introduction:

This report provides results from a US Department of Energy (DOE) Pump
Energy Systems Assessment (ESA) conducted during the summer of 2012. The
ESA includes an inventory of all motors, pumps, and a steam turbine used to
power process water in the facility.

A Pump Calculator is developed to evaluate the energy demand per unit of water
and establish Water Energy Intensity ratios. This ESA Report supports research
conducted by the University of California, Davis to pilot the Water Energy Nexus

(WEN) at a California tomato processing facility. The Pump Calculator is used to

identify pumping systems in need of performance improvements.

Research Methods:

The Pump ESA was conducted by three Certified Energy Experts utilizing DOE
data collection protocols and evaluation software tools'. CIFAR researchers
provided technical support to collect data, use the DOE Pumping System
Assessment Tool (PSAT), design the Pump Calculator, and conduct data
analysis.

CIFAR researchers visited the facility to collect name plate data, meter water

flows, measure pipe inlet, outlet and length, elbows and valves, and use data
loggers to account for power system demand.

The following information was obtained to conduct the ESA:

e Electricity demand, consumption and cost.

e Operating hours.

e Pump and motor nameplate ratings

e Operating duty (fraction of time the pump runs at specified condition)
e Flow rate

e Pump total head (calculated from pressure and line dimensional data)
e Electric power current and voltage

e Maintenance information.

'US DOE Industrial Best Practices Program. APPENDIX A.
http://www1.eere.energy.gov/manufacturing/tech_deployment/software_psat.html
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Results:

The Pump Calculator is used to assess pump performance and derive WEN
intensity ratios. Fixed variables include 2,250 hours of operation and the
electricity cost is estimated at $0.15 per kWh. The Pump Calculator? provides
the following results:

The overall WEN Pumping System requires 2,775 horse power (HP).
The HP demands 1,390 kW of electricity.

The pumping load consumes over 3.1 million kWh of electricity.

The overall weighted average pump efficiency is 53.6 percent.

The overall WEN Pumping System load represents 37.4 percent of the
total electricity consumed at the facility.

Summary of Recommendations:

The Pump Calculator is used to identify locations where overall pumping plant
efficiency (OPE) can be improved to increase pump productivity and reduce total
kWh used per unit of water pumped. The Pump Calculator is also showing a
technical deviation among a number of pumps that are performing above their
pump load safety specifications.

The ESA recommends visiting each of these pumps to confirm the accuracy of
the results. At a minimum, facility management will be able to ascertain the
potential safety and reliability concerns identified by the Pump Calculator.
Additional efforts in partnership with the PGE utility company are to repair, retrofit
or replace pumps that have an OPE below 60 percent.

The ESA encourages facility management to adopt these short-term energy
efficiency measures. A new base line can be calculated using the Pump
Calculator tool to track WEN resource improvements. The Pump Calculator could
also be used to establish priorities for a pump maintenance continuous
improvement program.

2 pump Calculator provided in a separate Excel file.



PUMP SYSTEM ASSESSMENT

Introduction:

A Pump Energy System Assessment (ESA) is conducted at a California tomato
processing facility by US Department of Energy (DOE) Certified Energy Experts.
The ESA methodology follows DOE assessment protocols and the use of
software tools to calculate overall pumping system efficiency (OPE). The ESA
identifies motor and turbine driven pumps dedicated to Process Water, including
fresh water supply, steam condensate and tomato water vapor recovery, water
recycling, cooling towers, cleaning in place (CIP) and discharge of wastewater.

Locations with similar functions in the production process where energy is used
to power water are identified as WEN Points. A Pump Calculator is developed to
calculate the amount of energy consumed per unit of water used. The Pump
Calculator is provided to the tomato processing facility as a tool to evaluate
pumping system performance, to identify energy efficiency improvement
opportunities and to track continuous improvements.

Tomato Facility Process Overview:

The facility operates at full capacity 24 hours per day, 7 days per week between
the middle of July through the middle of October. The facility can process
between 240 to 270 truckloads of tomatoes per day, the equivalent of 12 to 13.5
million pounds. During a typical production season, paste would be normally
produced 100 percent of the time, with the dice tomato and MPE production lines
working at 85 percent of the time.

Tomatoes are unloaded from truck bins to collection channel flumes, moving fruit
along conveyor belts and water-driven flumes. Tomatoes are rinsed and sorted
for quality before being delivered to the production sections of the facility.
Tomatoes that are processed into paste products are delivered to the hot brake
chopping units. From the hot brakes the tomato pulp is transported by product
pumps to the extraction units that produce refined juice. Tomatoes used for diced
products are delivered to steam powered skin-peelers and dicing machines.

Fresh water is supplied by two wells producing over 357 million gallons of water
per season. All the water is filtered using two sand filters but only 6 percent of
the fresh water is treated using the reverse osmosis (RO) systems. The
remaining water is used to unload tomatoes in the flumes and CIP systems.



Research Methods:

The ESA was conducted using DOE data collection protocols and evaluation
software tools®. Researchers interviewed facility personnel and conducted
walkthrough visits to identify WEN Points where pumps and fans are used for
process water. Name plate data is collected and site measurements are
conducted to obtain base line and system performance data.

The Pump ESA was conducted during full capacity operating conditions at the
tomato processing facility. The Pump Calculator uses a Coefficient of Usage for
to estimate the amount of time each pump is utilized. It is assumed that the
facility operates at one hundred percent capacity during 85 percent of the
production season.

Power use data (kW, Volts, AMPS) is collected using Dent Instruments energy
data loggers and evaluated with the E-Log software. Pump system flows (GPM)
are collected with the use of a Greyline Instruments DFM 5.0 Logging Doppler
Flow Meter. To calculate Total Dynamic Head* (Total Head), data is collected by
installing pressure gauges to pump inlets and by measuring pipe diameters, pipe
lengths, elbows and valves. Pump curves and turbine performance data is
obtained from equipment manufacturers.

The DOE Pump System Assessment Tool (PSAT) is used to calculate the overall
pumping plant efficiency (OPE). Power, flow and total head measurements are
not obtained for all pump assets. Either because the flow meter could not
measure hot liquids, restricted access to electric panels, or pipe measurements
where difficult to reach.

The Pump Calculator provides a color coded system to identify sources of data
and the method used to calculate OPE, as shown in Figure 1.

COLOR LEGEND

Data Measured
Data Calculated
Data Calculated Using PSAT

Nameplate Data

72 No data available
Figure 1. Data Sources

US DOE Industrial Best practices Program. APPENDIX A.
http://www1.eere.energy.gov/manufacturing/tech_deployment/software_psat.html
* head is energy per unit of weight.

8



The following glossary provides a brief explanation of each legend:

e Data Measured — Data obtained by researchers using measurement tools to
record water flow, electric power demand and Total Head.

e Data Calculated — Results obtained by the interaction between data points
using mathematical equations to derive pump load, HP used and other data
recorded in the Pump Calculator.

e Data Calculated Using PSAT — The DOE PSAT software tool is used to
calculate pumping plant efficiency using data measured at the facility.

e Data Assumed - Data was assumed in cases where data was not measured
but where the data could be predicted using researcher’s and facility staff
expertise to draw a reasonable level of certainty.

e Nameplate Data — Data displayed in motor, turbine and pump assets.
Pump Calculator Nomenclature:

The Pump Calculator can be used as a decision making tool to identify pumping
systems that are underperforming. When using the Pump Calculator notice cells
that are highlighted in red, as follows:

e In the case of pump loads (HP used/Motor HP), red highlights indicate that
the pump load is higher than the unit or smaller than half. These values
may indicate a dimensioning error in the system.

¢ In the case of efficiencies, red highlights indicate pumps whose efficiency
is smaller than 60%. Some of the possible explanations could be
maintenance issues or wrong dimensions.

Lessons Learned:

To facilitate the process of conducting future pump system evaluations, the
facility will benefit from the installation of permanent flow meters in the feedwater
pumping system. The installation of additional pressure gauge inlets will also
facilitate the measurement of operational pressures to calculate Total Head.

Results

The Pump Calculator is used to assess pump performance and derive WEN
intensity ratios. Fixed variables include 2,250 hours of operation and the
electricity cost is estimated at $0.15 per kWh. The Pump Calculator® provides
the following results:

® Appendix A.



e The overall WEN Pumping System requires 2,775 horse power (HP).

e The HP demands 1,390 kW of electricity.

e The pumping load consumes over 3.1 million kWh of electricity.

e The overall weighted average pump efficiency is 53.6 percent.

e The overall WEN Pumping System load represents 37.4 percent of the
total electricity consumed at the facility.

Table 1 provides a summary of the electricity consumed by each WEN Point to
identify locations with greatest consumption. The Steam System pumps are the
largest consumers of WEN electricity at almost 15 percent, not including the
equivalent electricity used by the steam turbine driven feedwater pump. The
fresh water supply system consumes 9.3 percent of total facility electricity,
including well pumps and the RO system. Pressure losses do occur when fresh
water is delivered through the centrifugal sand filter system. Combined Flume
WEN Points consume 6.5 percent. The overall WEN Pumping System load
represents almost 47 percent of the total electricity consumed at the facility. The
CIP System was not evaluated because of flow data acquisition constraints, but it
is assumed to represent a small fraction of the total electricity used.

Table 1. Facility Electricity Use and WEN Point Power Intensity

Pump and Fan System Electricity Consumption

Total Plantwide kWh 8,369,000.00
Total price of electricity S 1,255,350.00
Pumps kWh 3,127,076.26
Fans kWh 775,853.00
Total WEN kWh 3,902,929.26
WEN Proportion of Total kWh Use 46.64%

WEN Points - Power Intensity

Water supply 9.30%
MPE Flume 3.25%
Paste Flume 1.77%
Diced Flume 1.47%
Steam System 14.62%
Cooling Towers 13.68%
Wasterwater System 1.67%
Cost of WEN Electricity S 585,439.39]
WEN Points 45.76%
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Data Quality Evaluation:

The quality of the analysis conducted depends on the quality of the data
collected, measured and thus calculated. CIFAR researchers consider data
collected to be of high quality, but are aware of potential limitations to data
measured, particularly flow measurements. The Pump Calculator is used to
determine the proportion of pumps for which all of the required data needed to
calculate OPE was obtained without and with assumptions, as follows:

e Total HP Calculated without Assumptions — 61.4 percent of the total
combined HP of the system's pumps was determined experimentally using
facility measurements.

e Total HP Calculated with Assumptions — 82 percent of the total combined
HP of the WEN pumps was either determined experimentally and/or
assumed with a reasonable degree of certainty.

WEN Points:

WEN Points represent the aggregation of pumping assets used in a similar
function within the tomato processing facility, including the Steam System, the
fresh water Supply System, the Flume System, the Cooling Tower System and
the Wastewater System.

In addition to pumps, WEN Points include other assets like boilers and fans that
are utilized simultaneously to achieve a production function. In the case of the
Steam System there are multiple WEN assets that are required to produce
steam. In addition to the pumps used to feed water to boilers, there are fans
used to achieve boiler combustion efficiency and to meet air emission quality
standards. The Cooling Tower System also utilizes fans in addition to pumps. A
separate CIFAR document integrates the use of boilers, pumps and fans to
evaluate the Tomato WEN for the facility®.

The Pump Calculator is used to calculate a WEN intensity ratio by WEN Point
and for the overall facility. Table 2 provides information to estimate total water
resources supplied to the facility, including fresh well water and recovered tomato
water. Over 357 million gallons of water are used to process 15.75 million tons of
tomatoes, or the equivalent to 44 tons of tomatoes are processed for every 1,000
gallons of water used. The WEN intensity is calculated at 8.75 kWh for every
1,000 gallons of water used.

6 Amon, et, al, Tomato WEN, 2013, unpublished.
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Table 2. Overall Facility Water Energy Intensity

Facility Water Energy Nexus Values
Total Water Pumped (Gallons) 357,297,000
Total WEN Pumps (kWh) 3,902,929
WEN Intensity (kWh/1,000G) 11
Processed Tomatoes (Tons) 15,750,000
WEN Intensity (PT/1,000G) 44

Pump Calculator Data Base:

Each WEN Point data set includes pump name, flow rate, motor HP, volts,
name plate amps, running amps, power factor, kW to motor, HP used,
pump load, motor RPM, motor efficiency, total head, pumping plant
efficiency, coefficient of use, and kW used.

Assets within each WEN Point are aggregated to account for total HP
used, the overall weighted average load and the weighted average
efficiency. Each WEN Point is summarized to account for peak kW use,
kW use, kWh use and the cost of operating this WEN Point.

12



Pump Calculator WEN Points

Fresh Water Supply and Treatment Pumping System WEN Point:

Fresh water for the tomato processing facility is provided by two wells using

electric motors to pump water from deep aquifers to the surface. Water is

pressurized to 80 psi and aggregated into a manifold before it is subjected to

sand water filtration treatment. Some of the water is further filtered using Reverse

Osmosis (RO) systems and delivered to boilers and to pump seal. The majority

of the fresh water is delivered to the tomato unloading flumes, cooling towers and

process cooling systems, and to clean surfaces and equipment.

Table 3 provides detailed information about pumping system characteristics for

both wells and the reverse osmosis treatment system. Notice that the pump load

for the North Ag Well is 1.11, indicating a possible pump load dimension error in
the system. This pump’s OPE is low and has the potential to be significantly
improved. The pump OPE of the two 60 HP RO System High Pressure Pumps is
very low indicating maintenance issues or wrong dimensions.

Table 3. Supply-Side Pumping System Characteristics

PUNP FLOWRATE (6P Ik \ours m: G POWERFACTOR N HPUSED| PUMPLOAD | MOTOR RPM e, oA Pl:‘m’f COEFRCENT KW USED
] ANPS MOTOR EFFICIENCY | HEAD (ft) OF USAGE
ANPS EFFICIENCY
gl roundvter Pumpig 104
ot g, Wel 35t i e N N H oo il =
g Ve 1 pil] B0 Ml 18| 206 177500 078 104
e Teatmentsems
‘ m BO| MI 345000 0% N 1354
‘RUPmdumWaterD\sr%aIgePumpﬁl
! m BO| U1 345000 09 n 000
‘RUPmdurtk'l‘ath\straIgePumpitl
il #0| 7 345000 098 830 00 3%

R0Sysemé LHigh Pressre Pump

R0Sy5en g PressrePump

345000

08

30

0o

Table 3A shows a total of 685 HP connected to the supply-side pumping system.

The water supply costs are $116,690, including the electricity costs from well
pumping and RO water treatment.
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Table 3A. Supply-Side WEN Point Summary

HP

685.00|Peak kw

414.18

WEN Point Total
Weighted Avg. Load 100.28%|kwW 345.75
Overall W. Avg. Load 92.06%|kWh 777,932.67
Weighted Avg. Eff. 56.61%|Price 116,689.90

Table 3B provides a summary of the water energy intensity for the two well
pumping plants. When aggregated, the two well pumping plants utilize over
747,000 kWh, or 2.1 kWh for every 1,000 gallons of water pumped. Notice that
the North well is less productive than the South well by delivering 415 gallons for
each kWh used, as compared to 577 gallons per kWh used in the South well.

Table 3B. Supply-Side Water Energy Intensity

Supply -Side
Energy Intensity

Well Pump

Water G/2250h

kWh

kWh/1000G

G/kwWh

North Well

189,297,000

456,233

415

South Well

168,000,000

291,240

577

Both Wells

357,297,000

747,473

478

ESA Recommendations:

The supply-side pump data collection and evaluation was conducted before the
North well failed in mid-season. The data provided in Table 3, reflects those
operational conditions. The ESA recommends conducting a new PGE pump
efficiency test, and evaluate options to improve the water energy productivity of
the North well. The ESA results seem to indicate that the RO system design is
not properly matched to production conditions. It merits further review.

14




Boiler Room Feed Water Pumping System WEN Point:

Approximately 6 percent of the well water is treated with the RO system before it
is delivered as feedwater from the de-aerator (DA) tank to the boilers. Table 4
provides characteristics of the motor and turbine driven pumping system
delivering feedwater to boilers # 1, 2 and 3.

The pumping plant efficiency for these pumps is assumed at 50 percent for all
motor driven pumps. Researchers were unable to open the electric panel to
measure electric power demand. Flow measurements were not obtained using
the Doppler flow meter because the tool does not perform well when measuring
high temperature fluids. US DOE Pump Expert provided technical support
evaluating pump curves and name plate data to reach the assumed pumping
plant efficiency’, increasing the level of certainty.

Table 4. Boiler Feedwater Pumping System

PUMPING
PUMP FLOWRATE(GPM] | MOTORKP | VOLTS WAEIE | RN POWERFACTOR HPUSED | PUMPLOAD | MOTORRPM ol e PLANT " K ustn
ANPS AMPS FFFCENCY | (f) OFUSAGE
EFFICIENCY
st 12
Feediaterpung, Sout e e m 0 i S0 !
ostiatr pmg, Mot e vl s < o i !
s g St e B0 50 Eik Bl 1100 " 05
Feedvte pung Mo e el & A Y X - ! 4
oler
[— 4 0 85 0 B0
w3
PUMPING
PUNP HLOWRATE(GPM) | MOTORHP | VOLTS w - POWER FACTOR HPUSED | PUMPLOAD | MOTORRPM Vot - 1LiE0 PLANT BN KWusep
ANPS AMPS EFFCENCY | (1) QFUSAGE
FFFICIENCY
o 50 J L3 b 353000 B0 "
reediteTutine Diven Pump Soh

Table 4A provides information about other pumps used in the steam system that
are dedicated to Process Water. These assets include motor driven pumps in the
Condensate Recovery System, the MVR System, the Hot Brake System and the
Evaporator System.

" Mr. Greg Case US DOE Pump System Expert, research team meeting, November 2012.
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Notice that the calculated pump OPE of the Condensate Recovery Tank at the
MVR System is extremely low. Also low is the calculated OPE of the Hot Well
return pump to the REYMSA cooling tower.

Also relevant is to review the potential reasons why the calculated pump load of
the T-60 Evaporators is higher than 100 percent. A pump load measurement
over 100 percent may indicate that the pumps are not properly sized for the
application.

Table 4A. Steam System WEN Pumping Assets

NAME PUMPING
PUMP FLOW RATE (GP) WOk VOUTS ~ [PLATE NG POWER FACTOR i HPUSED | PUMPLOAD | MOTOR RPM Ork Ok PLANT COEHCET KW USED
H ANPS MOTOR EFFICIENCY | HEAD (ft) OF USAGE
AMPS EFFICIENCY
CondenstteRecoverySjstem
i il K| uwr JER B 11000 092 N N 33
Condensate Retum Tank South Pump '
i il | uwr JCE 1100 09 N N 35
Condensate Retum Tank Noth Pum :
IR Sysem
i I 00| 50 %8| 69 176000 N N 508
Fraporated Wate RecoveryPump ' Y M
13000 I 0 [ 90 S8 | 6% 180000 091 10 0 508
Condersate Recoery Tank
othoke ten
7 1 it 67 | 17000 2 2
Condensate Recovery Tnk '
EraoratorSystem
200 0| B0 (80| 0y B4 15 8000 10380 038 8.0
T-B0Evzporator: ot Well etum Pumpto
0| R0 (B0 [ 1020 ue | g i 8000 10380 083 6404
T 60Fvaportor: ot Well Retum Pumpto
BO | 0 [ %60 [ 10600 0 | B 110 88500 09 10380 067 6047
T 60Fvaportor: ot Well Retum Pumpto
HOEHot el Retum Pup o Coo
CIRATIREE aw | mo |an| w a | wn | o 11850 9 om0 B%
Tower |
HOEHot Wil Retum Pup o Coo
| i w| s0 |an| o | as | o 118500 09 an |0 87
Toner ).
NPE Hot Well Retum Pump o REANSA p P . -
) 50 W B0 (B0 B0 m | uy 04 175000 05 03 on
(ooing Tower |

Table 4B shows that a total of 820 HP are dedicated to the Steam System water
energy nexus. The calculated weighted average load is over 100 percent and
the calculated weighted average efficiency is below 60 percent, possibly
indicating potential maintenance issues or inadequate system dimensions.
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Table 4B. Steam System WEN Point Summary
WEN Point Total HP electrical 820.00|Peak kW 490 52]Turb, KW Eg. 10828

Weighted avg, Load 102.88%]kw 13).86[Turb HP 500
Overall w. avg, Load 92.06%{kWh 97394024
Weighted avg, eff, 5%.515|Price S146,091.3

Table 4C provides a summary of the water energy intensity for the five motor
driven feedwater pumps. All five pumps deliver over 72 million gallons of
feedwater® from the AD tank to the boilers, consuming over 270 thousand kWh.
At the assumed pumping plant efficiency of 50 percent, these pumps operate at a
WEN intensity ratio of 3.75 kWh per every 1,000 gallons of water pumped.

Table 4C. Steam System Water Energy Intensity

Steam System WEi Water G/2250h kWh Used kWh/1,000G
Boiler Feedwater WENi 72,264,547 514,395 7
Boiler Fans WEi 72,264,547 249,750 3
Total 72,264,547 764,145 11

ESA Recommendations:

By calculating pump specific operating conditions, researchers are able to
identify and prioritize pumps that are in need of efficiency improvements or pump
load corrections. Increasing pumping system performance will lower the WEN
Point’s energy intensity and increase water delivery productivity. Adjusting pump
load to end-use application will enhance the life-time productivity of the pump.

The ESA recommends procuring further data to conduct a comprehensive review
of the boiler feedwater pumping system performance. This WEN Point is
identified as the largest energy use WEN Point at almost 12 percent of the total
facility electricity used. Considering the low assumed 50 percent pumping
systems OPE, there are potential cost savings by improving pumping system
productivity.

8 calculated value using 267,700 pounds of feedwater per hour used by three boilers to produce process steam, or equal
to 32,253 gallons of water per hour.

17



The ESA also recommends a review of the T-60 Evaporator pumps that are
performing above 100 percent pump load. Pumps operating below 60 percent
efficiency could also be adjusted or repaired.

MPE Flume Pumping System WEN Point:

The MPE Flume System consumes fresh and recycled water to push tomatoes
from truck beds and for transport along a water flume system using high pressure
driven water booms. Table 5 provides name plate data for all pumps utilized in
the MPE Flume. Researchers concentrated data collection efforts to measure
performance characteristics for the largest pumps in the flume system. The
unloading flume pumps for the booms and elevator are operating at very low
pumping plant efficiency.

Table 5. MPE Flume Pumping System Characteristics

NAME PUMPING
Puwp FOW RATE (GPM) WO VLTS (PLATE N POWER FACTOR o HPUSED | PUMPLOAD | MOTORRPM i e PLANT g KWUSED
4 ANPS MOTOR EFFICENCY | HEAD (fy) OF USAGE
ANPS EFFICIENCY
TruckUnloading Flme ystems
P n 10 1IN 0% | 0 17500 079 n n 068
AP N 10 ELIN bt 0% | 0 17500 09 n n 034
N 10 1] 1 0% |09 175000 n n 068
hugermotor
) N 0% 0 04 0] 08 175000 n n
Rotay sereen motord 1
N 10 13 1 08 | 09 165600 n n 068
Rotary soeenmotor
? 50 W M)W 117000 08 n n
S hyrocylone Segartor
' ‘ 0 00 K1 A o s 175000 09 n n 16
Dischage Pump toSettingPond
) 18000 am km| 8% s | %R 1750 0% %3 09 6
UnloadingFume Pump Booms)
) 18000 L] 0] 8% m | %8 180000 130 030 08
UnloadingFume (Eevato
M e ety Rl i
. b 8 1 B3y 0% L 0% 1 il
e s el

Table 5A shows that almost 140 HP are connected to power the MPE Flume.
The weighted average efficiency at 44 percent indicates the potential to target
these pumps for adjustment or repair.
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Table 5A. MPE Flume WEN Point Summary

WEN Point Total

HP

139.75

Peak kW

131.50

Weighted avg. Load

95.52%

kw

120.91

Overall w. avg. Load

92.06%

kWh

272,038.52

Weighted avg. eff.

43.81%

Price

40,805.78

The water energy intensity for the MPE Flume is not calculated because

researchers could not collect data on the amount of fresh water that is delivered
to this specific WEN Point location.

ESA Recommendations:

The ESA recommends adjusting or repairing the 40 HP unloading flume pumps.
Another recommendation is to install flow meters and pressure gauge inlets to
calculate the amount of fresh water that is delivered to the MPE flume. This data
can be used to estimate the potential to supplement fresh water with recoverable
tomato water. A separate CIFAR report provides a Tomato Water Case Study
estimating the technical potential to recover tomato water®.

° Amon, et, al, Tomato Water Case Study, 2013. Unpublished.

19




Paste Flume Pumping System WEN Point:

The Paste Flume System utilizes fresh and recycled water to flush tomatoes from
truck beds and to transport fruit along the flume system. Two elevators are used
to transport and rinse tomatoes with high pressure water sprayers and to be
delivered through flumes powered by pressurized water booms.

Table 6 provides name plate data for all pumps utilized in the Paste Flume.
Researchers concentrated data collection efforts to measure and calculate
performance characteristics for the largest pumps in the flume system. Notice
that three of the largest pumps for which data is available are operating below 60
percent efficiency. Researchers were unable to measure the remaining three
large pumps in the Paste System. A very low weighted average efficiency ratio
indicates the opportunity to evaluate all large pumps in this flume.

Table 6. Paste Flume Pumping System Characteristics

NANE PUNPING
pUNp FLOWRATE (GPW) I WOUTS(PLATE P POWER FACTOR o HPUSED ( PUMPLOAD | MOTORRPM ol R PLANT ERET KNUSED
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CeconayHumeystem
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ot econdaryHume Relion
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%0 Wi &o (3| x0 b% 5 11800 1% %9 03 1801
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Table 6A shows that 180 HP are connected to power the Paste Flume. The
weighted average efficiency at 27 percent indicates the potential to target these
pumps for adjustment or repair.

Table 6A. Paste Flume WEN Point Summary

WEN Point Total

HP

180.00

Peak kW

76.26

Weighted avg. Load

85.75%

kw

65.94

Overall w. avg. Load

92.06%

kWh

148,363.00

Weighted avg. eff.

27.04%

Price

22,254.45

ESA Recommendations:

The ESA recommends adjusting or repairing the 40 HP unloading flume pumps.
Another recommendation is to procure the means to calculate the amount of
fresh water that is delivered to the MPE. This data can be used to estimate the

potential to supplement fresh water with recoverable tomato water.

21




Diced Flume Pumping System WEN Point:

The Diced Flume System utilizes fresh and recycled water to flush tomatoes from
truck beds and to transport fruit along the flume system. One elevator is used to
transport and rinse tomatoes with high pressure water sprayers and to be
delivered to flumes driven by pressurized water booms.

Table 7 provides name plate data for all pumps utilized in the Diced Flume.

Calculated pumping plant efficiency is extremely low for four pumps for which
data was collected and measured.

Table 7. Diced Flume Pumping System Characteristics

NAME PUMPING
PUMP FLOW RATE (GPM) Ok VOLTS ~ (PLATE RUNNIG POWER FACTOR o HPUSED | PUMPLOAD | MOTOR RPM - TOTAL PLANT COHCET kW USED
H AMPS MOTOR EFFICIENCY | HEAD (ft) OF USAGE
AMPS EFFICIENCY
n 100 9% | D1 6. 91 174500 n n 575
Blower Pump
00 U0 B2 03 0.0 1200 01 878
- n 150 40 7o 1 14 0.10 11 18000 150 n 631
eandary
- ‘ 80000 ’ 100 ‘ 46800 ‘113[)) 119 ‘ 9.0 ‘ ‘ ‘ ‘ 900 0.18 ‘ 575
Secondary Flume Reciraul #
§ ‘ ’ 150 ’ 410 ‘ 17‘90‘ L0 ’ \ 1 194 ‘ 19 ‘ 176000 ‘ ‘ 10 0.06 ‘
Reject Tomato Flume Recirculation
Dice Cooling Recycle Tank
Cooling Water Collection Tank 0 a0 | 17 15 Iy 130 50 o st
Reciculation Pump Sl * o o
" ondensate
Flume toSteam Pecler Recirculation » ’ 9 ‘ ‘1010 0 ‘ ’ @ 6 ‘ ‘ 1 ‘ ‘ 2 ” ‘ @
Pump

Table 7A shows that 180 HP are connected to power the Paste Flume. The
weighted average efficiency at 27 percent indicates the potential to target these
pumps for adjustment or repair.

Table 7A. Paste Flume WEN Point Summary

Wen Point Total HP 97.50(Peak kW 64.18
Weighted avg. Load 117.83%| kW 54.55
Overall w. avg. Load 92.06% |kWh 122,743.51
Weighted avg. eff. 10.93%|Price $18,411.53
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ESA Recommendations:

A very low weighted average efficiency ratio of 11 percent indicates the need to
evaluate all pumps in this flume.

Cooling Tower Pumping System WEN Point:

The Cooling Tower Pumping System consumes significant amounts of electricity
to power the pumps used to distribute and recirculate hot water from evaporator
systems to cooling tower facilities.

Table 8 provides name plate data, estimates, calculations and assumptions for
pumps utilized in the cooling towers, including the Main Tower, the Oil Tower, the
REYMSA Tower, the Diced Tower, and the South and North Towers. Notice that
the calculated pump OPE for most pumps is over 60 percent, except for a low
pump OPE in the North Flash Cooler pump.

Notice that although flow rate measurements were obtained for the Oil Cooling
Tower, researchers were unable to measure Total Head and thus unable to
calculate pumping plant efficiency. The relatively small sized pumps did not
merit further efforts to collect additional data.
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Table 8. Cooling Towers Pumping System

NAVE PUMPING
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Table 8A shows that 485 HP are connected to power the pumps at the Cooling
Towers. The 66 percent weighted average efficiency makes this WEN Point a
low priority location for pumping plant efficiency improvements, which is a
positive result, considering the high power requirements from the Cooling
Towers.

Table 8A also shows the total amount of horse power connected to cooling tower
fan systems and the seasonal electricity consumption.

Table 8A. Cooling Towers WEN Point Summary

Pump HP 485(Peak kW 294
Weighted avg. Load 1{kw 275
Overall w. avg. Load 1|kWh 618,797
Weighted avg. eff. 1{Price 92,820
Fans HP 595(Fans Peak kW 438

Fans Kwh 526,103
Total WEN kWh 1,144,900(

ESA Recommendations:

The efficiency of the 75 HP pump at the Flash Cooler Hot Well Return
Pump to Cooling Tower should be improved from the current 35 percent.
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Cleaning in Place Pumping System WEN Point:

The cleaning system is supplied by fresh water at well temperature. There is no
flow meter, nor flow measurements where undertaken to account for fresh water
delivered to the cleaning pumping system. Facility staff assumes that no more

than 2.5 percent of fresh water is used for cleaning purposes.

Table 9 provides name plate data from the cleaning system pumps.
Researchers chose not to invest time and resources with these two pumps
considering low use patterns. As shown by the coefficient of use, it is assumed

that the two 60 HP pumps are only operational 15 percent of the time.

Table 9. Cleaning Pumping System Characteristics
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Table 9A shows a total of 150 HP connected to cleaning system pumps. The
costs are assumed to be less than $11,000

Table 9A. Cleaning Pumping System WEN Point Summary

WEN Point Total

HP

150.00{Peak kw

101.53

Weighted avg. Load ??|kw 32.49
Overall w. avg. Load 92.06% |kWh 73,104.41
Weighted avg. eff. ?7?|Price S 10,965.66

ESA Recommendations:

No recommendations are provided because researchers did not collect field

measurements to calculate pump OPE.
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Waste Water Pumping System WEN Point:

Wastewater is collected at one central sump before pumping to adjacent
agricultural fields. Wastewater sources include: the In-Plant Pump Delivery
System that collects wastewater from throughout the facility; the main cooling
tower and the flumes. Wastewater from the flumes flows to adjacent aerated
lagoons for treatment before being gravity fed to the Wastewater Pumping
Station. Wastewater from the main cooling towers is also gravity fed.

Table 10 provides detailed information about wastewater pumping system
characteristics, including the Wastewater Pumping Station, the In-Plant Pump
Delivery System and the Pond Aerators.

Notice that the calculated pumping plant efficiency for the South Lift pump is
critically low. It is important to note that this number is calculated using the DOE
PSAT but it only represents one data point measurement. Researchers obtained
pump performance data by running each pump individually at maximum pumping
capacity. Pump performance was not measured under normal operational
conditions. As such the accuracy of the pumping plant efficiency should be
regarded as incomplete.

Table 10. Wastewater Pumping System Characteristics
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Table 10A shows a total of 220 HP connected to the wastewater pumping
system. The weighted average efficiency of 47 percent is low and could be
improved.

Table 10A. Wastewater Pumping System WEN Point Summary

Installed HP 220.00{Peak kW 122,92
WEN Point Total

Weighted Avg. Load 74.38% (kW 62.29

Overall W. Avg. Load 92.06%|kWh 140,155.25

Weighted Avg. Eff. 46.86%|Price $ 21,023.29

Table 10B provides a summary of the water energy intensity for each of the 75
HP wastewater pumps. The two well pumping plants combined utilize under
90,000 kWh, or 2.7 kWh for every 1,000 gallons of water pumped. Notice that
the North Lift pump is much more productive than the South Lift pump by
delivering almost 40 percent more gallons of water for each kWh used.

Table 10B. Wastewater Energy Intensity

Wastewater Energy Intensity |Water G/2250h kWh kwh/1,000G
In-Plant Pump Delivery

183,708,000 20,042 0.11
System
Flume Pond System 153,792,000 30,460 0.20
Central Wastewater system 337,500,000 89,653 0.27
Total Wastewater 337,500,000 140,155 0.42

ESA Recommendations:

Pump performance was not measured under normal operational conditions. The
ESA recommends obtaining additional timely data from the Wastewater Pumping
System'®. The accuracy of the pumping plant efficiency should be regarded as
incomplete. The ESA recommends the facility to utilize PGE’s Agriculture and
Food Wastewater Energy Program (WEP) resources, for them to undertake
additional pumping plant system assessments and provide system improvement
recommendations and incentives.

0 ASME EA-2 Pump Assessment Guidance, 2010.

" PGE’ Agriculture and Food Wastewater Energy Program (WEP), 2012
http://lwww.pge.com/includes/docs/pdfs/mybusiness/energysavingsrebates/partnersandtradepros/eeis/search/AgriculturE_
FoodWastewaterEnergyProgram_10_18_10%20v1.pdf
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Summary of Recommendations

The Pump Calculator is used to identify locations where OPE can be improved to
increase pump productivity and reduce total kWh used per unit of water pumped.
The Pump Calculator is also showing a technical deviation among a number of
pumps that are performing above their pump load safety specifications.
Theoretically these motor driven pumps should not be supporting high power
loads and would have triggered motor safety shut down systems.

The ESA recommends visiting each of these pumps to confirm the accuracy of
the results. At a minimum, facility management will be able to ascertain the
potential safety and reliability concerns identified by the Pump Calculator.
Additional efforts in partnership with the PGE utility company are to repair, retrofit
or replace pumps that have an OPE below 60 percent.

Improve System Efficiency:

Internal leaks caused by excessive impeller clearances or by worn or
misadjusted parts can reduce the efficiency of pumps. Corrective actions include
restoring internal clearances and replacing or refurbishing worn or damaged
throat bushings, wear rings, impellers, or pump bowls. Changes in process
requirements and control strategies, deteriorating piping, and valve losses all
affect pumping system efficiency™?.

The ESA encourages facility management to adopt these short-term energy
efficiency measures. A new base line can be calculated using the Pump
Calculator tool to track WEN resource improvements. The Pump Calculator could
also be used to establish priorities for a pump maintenance continuous
improvement program.

Further Research:

Appendix A provides technical resources from the US DOE Industrial Best
Practices Program to help facility management with the process to identify
appropriate efficiency measures and how to implement improvements™:.

2 DOE, Test for Pumping System Efficiency, 2005.

http://www1.eere.energy.gov/manufacturing/tech _deployment/pdfs/test pumping system _pumping_systemts4.pdf
¥ US DOE Steam Systems Program

http://www1.eere.energy.gov/manufacturing/tech _deployment/steam.html
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Educational Publications

Pumpinc

Pumping Sysiems Tip Sheet #7 » September 2006

Suggested Actions

amy of the following apply:

« The head provided by an oversized,
throttled pump exceeds process
TEqUITEments.

« System bypass valves are open,

» The punp is operating far fom its
desizn point.

« The operating head and {or) flow
rate are greater than process

1.5, Department of Energy

Industrial Technologies Program

Trim or Replace Impellers on Oversized Pumps

As a result of conservative enginesTing practices, pumps are often substandially larger than
they need to be for an indnstrial plant’s process requirements. Centrifiygal pomps can often be
oversized becmse of “Tomnding up,” Tying to acconmmodate pradual increases in pipe surface
ronghmess and flow resistance over time, or antidpating futare plant capacity expansions. In
sddifion, the plant’s pomping requrements might not have been clearly defined during the
design phase.

Because of this conservative spproach pumaps can have operating points completely different
from their desizn points. The pump head is often less than expected, while the flow mate

is greater This can cause cavitation and waste enerey as the flow mate nypically nmst be
regulated with bypass or throttle conirol.

Onersized and throttled pumps that produce excess pressure are excellent candidates for
impeller replacement or “wimming ™ to save energy and redoce costs. Trimming involves
machining the impeller to redpce its dismeter. Trimming should be imited to sbout 75% of a
g s merinmem impeller dismetar, becmise excessive Timming can result in 3 mismatchad
impeller and casing. As the impeller dismeter decreases, added clearance beteen the impeller
and the fixed pump casing inmeasss internal Aow reciroulation, cases head loss, and lowers
pumping efficiency.

For mamifacturing standardization purposes, pumyp casings and shafis are designed to
accommodate impellers in a range of sizes. Many pump meanufaciurers provide pump
performance oorves that indicate how various models will perform with different mpeller
dismeters or wims. The impeller should not be mimmed amy smaller thean the minimmmm
dismeter shown on the curve.

Het positive suction head requirements (WPSHE) usually deaease at lower flow rates and
can inrease at the higher end of the pump head curve. The NPSHE. at a given Sow rate will
narmally be greater with a smaller inpeller, bt engineers should consult with the pump
mamifacharer to determine vanations in NPSHE before trinmiing the impeller MMamfacumers
can offen provide im comection charts based on historical test data.

How Impeller Trimming Works
Trimming reduces the impeller’s tip speed, which in fum reduces the amount of enerzy
imparted to the pumped finid: as a result, the pumip’s Sow rate and pressure both decrease. &
smaller or trimmed impeller can ths be used eficently in spplications in which the current
impeller is producng excessive head  Pump and system curves can provide the efficiency or
shaft powrer for a immed mpeller If these omrves are not available, affinity lews can be used
fo predict the variations in pumping performance with changes in the impeller dismeter:

0/0, = DJ/D

H?'I.HI = [Dr"l I:|1|;

bhp, (bhp, = (O HD)
= [@/0F

whara

[ =]

pump flow rte, in gallons per minute (gpm)

head, in feet {H, is head fior the original impaller; H,, for a Simmed
impellery

brake horsepower

impaller diametar, in inchas

x
nn

=3

Energy Efficiency and Henewahle Energy

Bringing ou a p

WIE I 5

aburdant, refable, and aficrable
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In practice, inpeller Tinmming is typically used to avoid throjtling losses assodiated with
conirol valves, and the system flow rate will not be affected.

Mote that, in conirast to cenirifiugal pumps, the operating regions of mived-Aow and odal-
flow punips are limdted becamse of flow rate instabilities. Therefore, consalt with the pump
for a nmltistage centrifugal ponyp that is oversized for corent operating conditions.

When 2 pump serves a critically importans process, it might not be possible to wait for the
mpeller to be trinmed  In that case, consider ordering snother impeller and confiming
operation undl the new irmpeller can be installed

Example

A double-suction centrifozal pump equipped with an impeller 14 inches in diameter is
throttled to provide a process cooling water flow mate of 3,000 gpm. The pomping system
operates for 8,000 howrs per year with a head of 165 feet (i) and pomp efficiency (n)

of 30%:. The pump reqaires 156 bhp. Pump and system curves indicate that a mnomed
impeller can supply the 3,000-gpm required Sow rate at a head of 125 ft From the affinity
Lawys, the diameter of the minmed mipeller is approximately as follows:

FOMHD) = D/0F
Hodding 0 constandt,
o, = D xfH/H)*®
= 14x{125/ 1852
= 1276 inches

Aconing that the pump eficiency remsaine unchansed. installing a 127 -inch timmed
impeller reduces inpat power requirement to the following:

b, (H, = Q) /3,960 x )
(125 x 3,000y / (3,960 x 0.8)
118.4 bhp

Estimated energy savings, assuming 3 84% motor efficiency, are as follows:
{bhp, — bhp.y x 0.746 kWihp x 8,000 hours‘year / 0.94 = 238,720 kWh'year
At an elecimndty cost of 5 cents per KWh total cost savines are estimated o be 511,936 per

Vear

Reference

Match Pumps fo System Ragquirements, US. Deparment of Energy Pamping Systems Tip
Shest #6, 2005

EERE Infarmation Caniar
1-BFT-EERE-INF
[1-877-337-3463)
WWW.BEreBNSNgy.gov

Industrial Technologies Program
Enargy Efficiency

and Aenewable EHE’:;

U.5. Depariment of Energy
Washington, D 20585-0121
www.gereenangy.goviindustry

http://www1.eere.energy.gov/manufacturing/tech_deployment/pdfs/trim_replace_impellers7.pdf
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Energy Tips - Pumping

Pumgping Systams Tip Sheet #5 » October 2005 Industrial Techaologies Program
Suggested Actions Match Pumps to System Requirements
= Survey your facility’s pumps. -~ ] ] ]
» Tdemtify flow rates that vary 30% An mdustnal facility can reduoce the energy costs associated with its pumping
ar more from the BEP and systems systems, and save both energy and money, in many ways. They melude reducing the
imbalances sreater than 20%a. pumping system flow rate, lowering the operating pressure, operating the system for a

- Identify mizapplied, oversized. or shorter period of time sach day, and, perhaps most impertant, improving the system’s
throttled pumps and those with overall efficiency.

bypass lines.
= Assess opportunities to improve Often, 3 pumping system mins inefficienthy because s requuremsents differ from the
system efficiency. onznal design condifions, The onginal design mught have been too conservative, or

= Consult with suppliers on the cost oversized pumps ought have been mstalled to accommodate future mereases mn plant
of trimming or replacing impellers capacity. The result 15 an imbalance that causes the system to be mefficent and thus

and replacing pumps. more expensive to operate.
= Determine the cost-effectivensss of .

mmﬁ Gorrect Imbalanced Pumping Systems

If the imbalance between the svstem’s requremsents and the actual (measured)

Resources discharge head and flow rate exceeds 2%, conduct a detailed review of your plant’s
DCE and Hydraulic Instimte, pumping svstem. Calenlate the mmbalance as follows:
Performance: A kmﬂ Embalance () = HQ,.,, = H, MQ,, xH ) -1]x 100%,
Inghustry. where
Hiydrasalic Tstit i o = measured flow rate, in gallons per mimute {Zpem)
pzﬁtmdnstryassuduﬁ:;xm;;:p mems =n1meddsd:argehead.mfee‘t
and pomp system mamifacturers; - =1‘qull_lEdﬂ_J:PWI'a1P_mgpql
it provides product standards and a H_ = requred discharge head in feet.
fiorum fior the exchange of industry =

informsrion for managamant dacicion- A pump may be incorrecthy sized for current needs if it operates under throttled
muaking. In zddinon to the ANSIHI conditions, has a high bypass flow rate, or has a flow rate that varies more than 30%
mmﬂlhﬂsavﬁiﬁw from 1ts best efficiency point (BEF) flow rate. Such pumps can be priontized for
P users and specifiers, inchiding further analy=es, according to the desree of imbalance or musmatch between actual
training, guidebooks, and more. For and required conditions.

org, www pumplearning org, and Energy-efficient soluhions include using mmltiple pumps, adding smaller awaliary
WWW U ST MR AL, {pory) purmnps, tirmmng impellers, or adding a variable -spead drive. In some cases,
11.5. Department of Energy—D0E's 1t mav be practical to replace an elecine motor with a slower, synchronows-speed
Pumping System Assessment Tool motor—e £, using 3 maotor that runs at 1200 revolubions per mamate (rpm) rather
(PSAT) can help you assess punping than one that runs at 1300 rpm.
system affidency and estimate

dara from Conduct queck reru.e'n-.s ll.LE_ﬂ:us 1:_@1_10&.1:31[}. '_E_:.l:u_ecu]}} for multipump systems, this
IE. jl [I'I ifte standards and can be a conventent way to idantify opportunities to optimize a system at little or ne
motor performance data from the cost.
Moo laster+ database. En‘q:le
Visit the BestPractices Web site at This example shows the enerpy savings that can be obtained by not usng an
mwimm oversized pump. Assume that a process requures 1,300 tons of refngeration durmg
for ing raining in improving the three summer months, bt anly 425 tons for the remaimns nine months. The
puming svstem performance and in process uses two chilled water pumps operating at 3,500 gpm and requiring 200
becoming 2 qualified pumping brake horsepower (bhp) each. Both are wsed in summer, Tt two-thirds of the flow
system specialist. rate 15 bypassed during the remaimng months.

.5, Departmeant of Enargy

Emar!;u..I Efflclenr:,r and Renewable Energyr

& bt whers enengy @ demn, surdsn, reisbis, and sfondatls
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One 3, 500-gpm purnp 1= therefore replaced with a new 1.250-zpm pump designed to have
the same discharge head as the onzinal unit. Although the new pamp requires ealy 50 bhp,
1t meats the plants chillad water requirements most of the vear (in all buf the summer

Assuming confinugns operation with an efficiency fn_) of 93% for both motars, we can
caleulate the energy savings from operating the smaller pump as follows:

Sainzs = (200 hp - 50 bp)n,, = 0.746 KW hp x (5 months/12 months) =
8,760 bowrs fvear
= 780,520 KWh'year

At an average energy cost of 5 cents per KWh, annual savings would be about $39 525,
References
Fariabls Speed Pumping: A Guids to Successful Applicationk, Hydraulic Instrhete and
Conduct an Jn-Plant Pump Swvey, DOE Pumping Systems Tip Sheet, 2005

2005.
Optimize Parallsl Pumping Systems, DOE Pumpmg Systems Tip Sheet, 2005,
Adjustable Speed Pumping Applications, DOE Puroping Systems Tip Sheet, 2005,
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Pumping Systems Tip Sheet #8 » October 2008

Suggested Actions

- ‘:‘mm' m‘ gt‘hm' jm
mumber of pumps that the system
Tequires at amy given time; one
exception mizht imvobee off-peak
pumping to storage tanks.

= Evalnate and compare mmltiple-
Pump scensrios to single-pump
systems with adjustable speed
controls

U.5. Department of Energy—DOE's
Pumping System Assessment Tool
(P5SAT) can help you assess pumping
system efficiency and estimate
energy and cost savings. FSAT uses
pump performance data from
Hydranlic Institute standards and
moitor performance dara from the

LS. Department of Energy

Optimize Parallel Pumping Systems

When nmnltiple pumps operate continuously as part of a parallel pnmping system, there can be
oppormmnities for sipnificant energy savings. For example, lead and spare (or 1ag) pumps are
frequently operated together when a single pump conld meet process flow rate requirements.
This can result from a common misconception—that operating two identical pumps in parallal
doubles the Sow rate. Although parallel operation does increase the flow rate, it also canses
greater fiuid friction losses, results in a higher discharpe pressure, reduces the fow rate
provided by each pump. and alters the efficiency of each pump. In addition, more energy is
required to transfer a given fuid vohoe.

Paraliel Pumping Basics

Designers can expand the operating range of 3 pumping system by specifying a parallel
pumping configuration (see the Gzare). A greater increase in flow rate will be seen when
adding a parallel pump to a static head-domimated system. Parallel pumps can be staged and
conirolled to operate the mamber of pomps needed to meet variable Sow rate requirements
efficientty.

The total system flow rate is equal to the sum of the Sow rates or contribotions from each
pump at the system head or discharge pressure. Parallel pumps provide balanced or equal flowr
rates when the same models are used and their impeller diameters and rotational speeds are
identical. When possible, 3 recommended design practice is to have parallel pumps moved
from beyond Best Efficiency Point (BEF) at low system flow rates (fewer pumps operating)
to the left of BEP at the hizhest fiow rate. An ideal scenario will allow the pumps fo have the
hiphest possible average operating efficiency for the overall flow rate vs. time profile.

Diissimilar pumps may be installed in parallel, as well, as long as the pomps have similar
shutoff head characteristics and‘or are not operated topether contimuously nnless provisions
are made to prevent dead-heading.

Paralls| Pump
(Oparating Poimt

Total Head {f)
3

Flow Provided,
bykch
aralel Pump

1

1.I:IlII 1.5ID:I E.I]I[:l:l E.a.‘l'ﬂlll ﬂ.lilﬂll 3.5:'3 -!.[Eﬂ:l A.EIIJJ E.I]II][J
Flow Rate (gpm)

Figure 1. Composite pump curve for two identical pumps operating in parallel
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Applications

In penemal parallel punaps provide sood operating feadbility m static bead-domnated
systems, Tt are not nearly as effective in Ficton-dominated systems. I is adwvisahls

10 avoid operatng two punins m parallel whenewer a single ponp can meet syst=m
reqErEmens. Cne exception is cermin storaze applicatons with tme-of-day energy
rates o hizh “peak period” demand charzes. Alsa, be oue to ke mio consideration the
anwunt of enerey consumed by multiple pomps in conivast to the ammme consumed by a
single pump with adjustabile speed drive control. Miltiple puops should be salected with
bead-varss omrves that rise at a constant mie when these pumps
approach no-How or shma head

Some efficient, hish-head low-capacity, cenirifieal pumps used in process mdustries bave
“drooping” pump performiance curves, These pomps sapply peak pressure af a cartam Sow
mmﬂﬂmgmmmghuddeummwm:hmgm-ﬂmcmm Identiral pumps
with drooping head-versus-capacity amves shonld not aperate in paralls] at variable Sos
rates mder condifions in which capacity requirements can aproach 2era

Example

A split-case cenmifngal punin operates chose to its BEP while providice a fiow rafe of
2000 pallons per mirarte: (Fpms) at a totl head of 138 St (£f). The static head is 100 &
The pump operates at an eficency of $07: while pumpmg thisd with a specific Fravity
of 1. ‘i'i.'nhadnmmtleﬁum:'fnfﬁ‘ the pumsping plant requires §1.4 KW' of inpuot
[HIWET.

Whan an idantical paralls] pump is switched oo, the operating point of the conposite
systam shifts to 2,500 gpm at 159 & of head (see the fimme). Each pumm now operaies
at Bl efficiency while providing a capadity of 1.250 zpm . Althengh the foid Sow maie

mer=ases by ooty 25%:, the elecmic power required by the punming system inesses by
2.2%:

(0746 kWhp x (2.500 gpm x 158 i) /{3,060 x 0.8 x 0.04)
005 kW

For thid transfer applications, it is bhelpfol to exantine the ensrzy required per million
gallons of thisd promped. When a single pomp is operating, the enerzy infensity (EL) i as
Tollows:

P, pumps

£1.4 kW /{2,000 gpe x 60 minutes/hour x million gallons/10° gallons)
512 kiWh/milion galkns

When both pumre ars operating, the ET increases as folows:

06 kWS -Eal]l}gpm % G0 minuteshour x million gallons10° galions)

H
. 655 kivhimillion gallons

When both paps are operating in paallsl, v 307 more energy is required
1o punp the same vobome of finid. The alecimical demamd charge (KW drew) increases
by moare: than 2%, I the oument practice or baseline energy consumpton is the resulr of
operating both pumps in parallsl, punpins enerzy use will decrease by 13% if process
requrEments illow the plant o use a Snsle ponmp.

Referance
Control Straregies fir Cenorifisal Pumps with Foriable Fiow Rare Eequiremene, 1.5,
Deparmment of Ensrpy Pumpins Systens Tip Sheat 212, 1004,

http://www1.eere.energy.gov/manufacturing/tech _deployment/pdfs/38945.pdf
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= Identify pumps with flow rates of
30% or more from the BEP flow
rates, or with system imbalances
greater than 20%%.

*» Determine the cost effectiveness of
each improvement.

Resources

DOE and Hydranlic Instinue,
Improving Pumping System
Performance: 4 Sourcebook for
Induziry

Hydramlic Institete—HTI is a non-
profit industry association for pump
and pump system manufacturers;
npmﬂapmdm:tmdﬂﬂsanda

LL5. Department of Energy

Test for Pumping System Efficiency

A pump’s efficiency can degrade as much as 10% to 25% before it 1= replaced,
according to a study of industnal faclihes commissioned by the U5, Department of
Energy (DOE), and efficiencies of 50% to 60% or lower are quite commen . However,
because these inefficiencies are not readily apparent, opportumities to save energy by
repairing or replacing components and optinuzing systems are often overlocked.

Define Pumping System Efficiency

System gfficiency incorporates the efficiencies of the pump, motor, and other system
components, as shown in the area of the illustration cutlined by the dashed line.

Pumping system efficiency () 1s

defined as follows:
I
Qg xH,y x5G !
Mg = ———————— i
S30Bx P, -
qu = required flud flow rate, in gallons per minute !
H“_q = required pump head, in fest
3G = specific gravity
P, = electrical power input.

Omly the required head and flow rates are considered in caleulating system
efficiency. Unnecessary head losses are deducted from the pump head, and
unnecessary bypass or recirculation flow is deducted from the pump flow rate.

Conduct Efficiency Tests

Efficiency tests help facilities staff identify mefficient systems, determine energy
efficiency improvement measures, and estimate potential energy savings. These tests
are usually conducted on larger pumps and on those that operate for long perniods of
time. For details, see Hydraule Institute standards ANSIHI 1.6-2000, Centnifugzal
Pump Tests, and ANSLHI 2.6-2000, Vertical Pump Tests.

Flow rates can be obtained with reliable instruments installed m the system or preferably
with stand-zlone tools such as a some (Doppler-tvpe) or “transit time™ flow meter or a
Pitot tube and manometer. Torbulence can be avoided by measuring the flow rate on a
pipe sechon without fithngs at a point where there 1= shll a straight run of pipe ahead.

Improve System Efficiency

Internal leaks caused by excessive impeller clearances or by worn or misadjusted
parts can reduce the efficiency of pumps. Comective actions include restoring
internal clearances and replacing or refurbishing worm or damaged throat bushings,
wear nngs, impellers, or pump bowls. Changes in process requirements and control
strategies, deteriorating piping, and valve losses all affect pumping system efficiency.

Potenfial energy savings can be determined by using the difference between actual
system operating efficiency (n,) and the design (or optimal) operating efficiency ().
or by consulting published pump cwrves, as available, for design efficiency mhngs.

Enprgy Eﬁmlenc]r and Henpwahle Energy
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Software tools hke DOE's Pumping System Assessment Tool (PSAT) also provide

estimates of optimal effictency. When the required head and flow rate, as well as actual

electrical data, are input into the software, PSAT will account for artificial head and flow

losses.

The equation for caleulating potential energy savings is as follows:
Savings =kW xt=x(l-nm_J.

where
savings = energy savings, m kilowatt-bours (KWh) per vear
EW, = inputelectrical energy, in kilowatts (kW)
t = anmal operating hours
M, = actual system efficiency, calculated from field measurements
Mg = optmal system efficiency.
Example

Efficiency testing and analy=1s indicate that a 300-horsepower centrifugal pump has an
operafing efficiency of 33%. However, the mamfacturer's pump curve indicates that it
should operate at 78% efficiency. The pump draws 235 kW and operates 6,000 hours
per year. Assuming that the pump can be restored to its original or design performance
conditions, estimated energy savings are as follows:

Savings = 235 kW x 6,000 hoursfyear x [ 1 — (0.55/0.78) ] = 415,768 kWhfyear.
At an energy cost of 5 cents per KWh, the estimated savings would be 520,786 per vear.

References

Centrifugal Teses (ANSIHT 1.6-2000), Hydraulic Institute, 200,

Conduct an In-Plant Pumping System Swrvey, DOE Pumping Systems Tip Sheet, 2005,
Match Pumps to System Reguirements, DOE Pumping Systems Tip Sheet, 2005,

Trim or Replace Impellers on Ovearsized Pumps, DOE Pumping Systems Tip Sheet, 2003,

About DOE's Industrial Technologies Program
The Industrial Technologies Prugrm r.hmugh partnerships wn‘.h industry,

Department of Energy’s Office of Energy Efficiency and Renewable Energy.
The Industrial Technologies Program encourages industry-wide efforts to boost

resource productivity through a strategy called Industries of the Poture (IOF). IOF
imsmﬂr.ﬂlmngﬂglm;gyaﬂmmm

«Forest Products = Metal Casting = Petroleum
= Mining = Steel

EERE Information Center
1-B77-EERE-INF
{1-877-337-3483)
WWW.9EM8.ENErgy. oV

Industrial Technodogies Program
Enargy Efficiency

and Renawabla Enargy

WL.5. Department of Enargy
Washington, DC 20585-01H
wWww.eere.energy. gow/industry
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Suggested Actions

= Compute anmal and life-cycle
ciost for systems before making an

. e

* In systems dominated by friction
head, evaluate pumping costs for
at least two pipe sizes and try to
accommodate pipe size with the
lowest life-cycle cost.

= Look for ways to reduce friction
factor. If your application permits,
epoxy-coated steel or plastic pipes
can reduce friction factor by more

VOUr PUIMPIng Costs.

a.mlpm:q:- system manufacturers;

making In addition to the ANSIHI
pump standards, HI kas a variety
of energy-related resources for

training, gnidebooks, and more. For
org, www.pnmpleaming orz, and
WWW.PUMpPsysiem smatter org.

TU.5. Department of Energy—DOE™s
Pumping System Assessment Tool

system efficiency and estimate
energy and cost savings. PSAT uses

Visit the BestPractices Web site at

WWW.eeTe eneIFy. 2ov/ bestpractices
for more information on PSAT and

LS. Department of Energy

than 40%, proportionately reducing

pump users and specifiers, including

maore information, visit wWww.puamps.

(PSAT) can help you assess pumping

Reduce Pumping Costs through Optimum Pipe
Sizing
Every industrial facility has a piping network that carmes water or other fhoids.

Agcording to the U5, Department of Energy (DOE), 16% of a typical facility’s
electricity costs are for ifs pumping systems.

The power consumed to overcome the static head in a pumping system varies linearly
with flow, and very little can be done to reduce the static component of the system
requirement. However, there are several energy- and money-saving opportunities to
reduce the power required to overcome the friction component.

The frictional power required depends on flow rate, pipe size (diameter), overall pipe
length, pipe charactenistics (surface roughness, material, ete.), and properties of the
flurd being pumped. Figure 1 shows the annual water pumping cost (frichional power
only) for 1,000 feet of pipe length for different pipe sizes and flow rates.

Figure 1. Annual waier pumping cost for 1,000 feet of pipe of different sizes

2500

2in 4in Gin & 10in
f V.

3 Iff /
I
7z
ﬂ%’j’f‘; 1,200 1,500 1,500
Rate of Fiow (gpm)

[
[=]
=1
=

Cost of Pumping ($)

Basad on 1,000 ft. for cean iron and sieel pipes (schedula 40) for pumping 70°F water. Electnicity
rate—0.05 2Wh and 8 780 oparafing hours annusally. Combined pump and mator efficiency—r0%.

Example

A pumping facility has 10,000 feet of piping to carry 600 gallons per minute (zpm)
of water continwously to storage tanks. Determine the annual pumping costs
associated with different pipe sizes.

From Figure 1, for 600 gpm:

G-inchpipe: (5169071000 feet) = 10,000 feet =  $16.900
8-inch pipe: ($425/1.000 feet) = 10,000 feat =  $4,250
10-inch pipe: ($140/1.000 feet) = 10,000 feat =  S1400

After the energy costs are caleulated, the installation and maintenence costs should
be caleulated for each pipe size. Although the up-front cost of a larger pipe mav be
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hgher, 1t may still provide the most cost-effective solution because it will greathy

General Equation for Estimating Frictional Portion of Pumping Costs
{Flow i gpr| {Pipa length in ety {# of hoursHS/kNH)

{Pipe inner diameter in inches)  (Combined pump and motor eficiency & & percant)
Where the fiction factor, hzmdmthepjper_mghmgpjpedim,uﬂﬂe

Reynolds mumber, can be obtained from engineering handbooks. For most
applications, the value of this friction factor will be 0.015 to 0.0225.

C(§ = = (i e

References

United States Industrial Mator Systems Markst Opportunities Assessment, Xenergy
Inc., prepared for DOE, December 1958

Piping Handbook, Mohinder E. Nayvar, McGraw-Hill Pubhications, New York, 1995

Enginesring Data Book, Hydraulic Institute, Second Edition, New Jersey, 1990,

About DOE’s Industrial Technologies Program
and and delivers advanced
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= Accurstely identify process flow
rate and pressure requiTements.

* Measure scmal head and flow rate.

= Develop a system curve.

= Select a pump with high efficiency
ower the expected range of

i condifi

= Specify electric motors that meet
the HEMA Preminm™ full-load
efficiency standards.

= Uke life cycle costing techniques to
- jring high EE_'

DOE and Hydranlic Institute,
Improving Pumping System
FParformance: A Sourcebook for
Industry:

Hydramlic Institmte—HI is a non-
profit industry association for pump
and pump system manufacturers;

it prowides product standards and a

mator performance data from the
Motorhfaster+ database.

Visit the BestPractices Web site at
for more information on PSAT and

LS. Department of Energy

Pump Selection Considerations

Understanding Your Pumping System Requirements

Pumps transfer liquids from one peint to another by converting mechanical energy
from a rotating impeller info pressure energy (head). The pressure applied to the
biquid forces the fhud to flow at the required rate and to overcome friction (or head)
losses in piping, valves, fithings, and process equipment. The pumping system designer
must consider fluid properties, defermane and use requirements, and understand
environmental conditions. Pumping applications include constant or variable flow rate
requrements, serving single or networked loads, and consisting of open loops
(nonreturn or liquid delmery) or closed loops (return systems).

Fluid Properties

The properties of the flnds being pumped can significantly affect the choice of pump.
Eev considerations include:

Acidityalkalinity (pH) and chemical composition. Corresive and acidic fluds
can degrade pumps, and should be considered when selecting pump materials.
Operating temperature. Pump matenals and expansion, mechanical seal
components, and packing materials need to be considered with pumped fhuds that
are hotter than 200°F.

Solids concentrations ‘particle sizes. When pumping abrazive hquds such as
industrial shunes, selecting a pump that will not clog or fail prematurely depends on
parficle size_ hardness, and the volumetnic percentage of solids.

Specific gravity, The flimd specific granaty is the ratio of the fluid density to that of
water under specified conditions. Specific gravity affects the energy required to Lift and
monve the fhnd, and noust be considered when deterouming pump power requirernents.

Vapor pressure. A fhud’s vapor pressure is the force per unst area that a fluid exerts
in an effort to change phase from a liguid to a vapor, and depends on the flud's
chemical and physical properties. Proper consideration of the flud’s vapor pressure
will kelp to minimmize the risk of cavitation.

Vizcosity, The viscosity of a flmd 15 a measure of its resistance to motion. Since
kinematic viscosity normally vanes directly with temperature, the pumping system
designer mmst know the viscosity of the fluid at the lowest anticipated pumping
temperature. High viscosity fhuds result in reduced centrifugal pump performance
and increased power requirements. It 15 particularly important to consider pump
suction-side line losses when pumping viscous fluds.

End Use Requirements—System Flow Rate and Head

The design pump capacity, or desired pump discharge in gallons per mimate (zpm) is
needed to accurately size the piping system, determune fnction head losses, construct
a system curve, and select a pump and drive motor. Process requirements may be met
by providing a constant flow rate (with on/off control and storage used to satisfy
variable flow rate requirements), or by using a throtthng valve or variable speed drive
to supply continucusly vanable flow rates.

The total system head has three components: static head, elevation (potential enerzy),
and velocity {or dynamic) head. Static head 15 the pressure of the flnd in the system,
and 1s the quantity measured by convenfional pressure zanges. The height of the flud
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level can have a substanhial impact on system head. The dynamuee head 15 the pressure

required by the system to overcome head losses caused by flow rate resistance in BestPracticss |5 part of he Industrial
pipes, valves, fittings, and mechanical equipment. Dhvnamic bead losses are approx:- _F e m:m'-l 5
mately proportional to the square of the flud flow velocity, or flow rate. If the flow moat energy-Intesaive Industries Improve
rate doubles, dynamic losses increase fourfold. thelr compeditiveness. BeatPractices brings
together emerging technalogles and best
. . . Emergy-management practices to
For mary pumping systems, total system head requirements vary. For example, in -—up“mu_ﬂq,
wet well or reservoir applications, suction and static Lift requirements may vary as envirenmental performance, and productivity
the water surface elevations fluctuate. For refurn systems such as HVAC circulating L
water pumps, the values for the static and elevation heads equal zero. You also need BestPractices empiasizes plant systems,
to be aware of a pump’s net positive suction head requirements. Centrifugal pumps :'*:':.-l Improvements
require a certam amount of fluid pressure at the inlet to avoid cavitation. A rule of r‘-_h- Lo
thumb 15 to ensure that the suction head available exceeds that required by the pump Tor Improving the periormance of
by at least 25% over the range of expected flow rates. **_'“-.--':"_
Environmental Considerations _.,'_'t_“__"'""."_,__'
Important environmental considerations inchide ambeent temperature and humadity, mediom -5ize manufacturers.
elevation above sea level, and whether the pump 1s to be installed indoors or cutdoors.
Software Tools FOR ADDNTIONAL INFORMATION,
Most pump mamufacturers have developed software or Web-based tools to aszist in R
the pump selection process. Pump purchasers enter their flwd properties and system
requirements to obtain a listing of suitable pumps. Software tools that allow you to IIEE:IE]‘H.I‘;M
evaluate and compare operating costs are available from private vendaors. (1-877-337-3463)
WWW.BBTE.ENET]Y.00v
Reference
Cﬂum:fugul"ﬁ?ﬁmi NPSH Margin (ANSIHT 9.6.1-1993), warw pumps.org, Hydrauhe Indusirial Technologies Program
Institute, 1998, Enargy Efficiency
and Renawahla Enargy
115, Department of
Washington, DC 20585-0121

About DOE’s Industrial Technologies Program
The Industrial Technologies nglmn,_lh.}mghpmmips wl.h indusoy,

Department of Energy’s Office of Energy Efficiency and Eenewable Energy.

The Industmial Technologies Propram encourages industry-wide efforts to boost
Tesource productivity through a srateey called Indnstries of the Future (IOF). IOF
focuses on the following eight energy and resource intensive industries:

http://www1.eere.energy.gov/manufacturing/tech _deployment/pdfs/pumping_2.pdf
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Establish a pumping system

DOE and Hydranlic Institute,
Improving Pumping System
Performance: 4 Sourcebook for
Indusiry:

Hydramlic Institwte—FHTI is a non-
profit industry association for pump
and pump system manufaciurers;

it provides product standards and a
forum for the exchange of industry
making In addition to the ANSIHI
pump standards, HI has a variety
of energy-related resources for
pump users and specifiers, including
training, guidebooks, and more. For
org, www.pnmplearning org, and
WWW. PUMPSYStem smatter 0Tz

U.5. Department of Energy—DOE"s
Pumping System Assessment Tool

Visit the BestPractices Web site at
for more information on PSAT and

LS. Department of Energy

Maintain Pumping Systems Effectively

Effective pump maintenance allows industrial plants to keep pumps operating well,
to detect problems in time to schedule repairs, and to avord early pump falures.
Fegular maintenance also reveals deteriorations in efficiency and capacity, which can
occur long before a pump fails. Wear nng and rotor erosions, for example, can be
costly problems that reduce wire-to-water efficiency by 10% or more.

The amount of attention grven to mamtenance depends on bow important a system 1s
to a plant’s operations. Downtime can be expensive when it affects critical processes.
Most maintenance activities can be classified as erther preventive or predictive.
Preventrve maintenzance addresses routine system needs such as lubrication, peniodic
adjustments, and removal of contaminants. Predictive maintenance focnses on tests
and mspections that detect deteriorating conditions.

Preventive Actions

Preventrve maintenzance activities include coupling abgnment, lubnication, and seal
maintenance and replacement. Mechanical seals must be inspected pertodically to
ensure that etther there 15 no leakage or that leakage 15 within specifications.
Mechanical seals that leak excessmaly usually must be replaced. A certain amount of
leakage 1s required, however, to lubricate and cool the packing seals. But the packing
gland needs to be adjusted if the leakage exceeds the mamufacturer’s specifications.
The packing gland mmst be replaced if it has to be tightened excessnely to control
leakage. Overtightening causes unnecessary wear on the shaft or its wear sleeve and
increases electnic power use. Foutine mainfenance of pump motors, such as proper
hibrication and cleaning, is also vital

Predictive Actions

Predictive maintenance belps mininmze unplanned equpment outages. Sometinees called
“condifion assessment™ or “condition momtoring” i has become easier with modern
testing methods and equipment. The following methods apply to pumping systems:

Fibration analysis. Trending vibration amplitude and frequency can detect an
mpending bearing failure. It can also reveal voltage and mechanical imbalances that
could be caused by impeller erosion or coupling problems. Changes in vibration over
fime are more meaningful than a single “snapshot™ of the vibration spectrum.

Metor current signature analysis. Sometimes called “dynamic analyss,” this reveals
detenorating insulation, rotor bar damage, electrical system unbalance, and harmomnics.
It can also pick up system problems such as malfunctioning control valves that cause
flow rate disturbances. Tracking the signature over ime 15 more valuable than a single
snapshot.

Lubricanion oil analysts. This apphes only to large, oil-lubricated pumps, and 1s an
expensive procedure. (1l analysis can detect bearing problems caused by metal
particles or chemmeal changes that result from overheating, and seal problems caused
by pumped fhud in the cil. It alse provides gudance on proper cil-change infervals.

Energy Efficiency and Renewable Energy
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Penodic effictency resting Testing the wire-to-water efficiency and keeping records
to spot trends 15 useful.

Finally, see the checkhst of maintenance items below, which can be tailored for many
kinds of systems, applications, and facilities.

Basic Maintenance Checklist

+ Packing. Check for leakage and adjust according to the instructions of the pump
and packing manufacturers. Allowable leakage is usually 2 to 60 drops per mimite.
Add packing rings or, if necessary, replace all the packing.

* Mechanical Seals. Check for leakage. If leakage exceeds the manufacturer’s
spectfications, replace the seal.

* Bearingz. Determine the condition of the beanng by histening for noises that
indicate excessive wear, measuring the bearing’s operating temperature, and using a
predictive maintenance technigque such as vibration analysis or cal analysis.
Lubricate bearings according to the pump manufacturer’s instructions; replace
them if necessary.

+ Motor Pump Alignment. Determine if motorpump aliznment 15 within the
service limiis of the pump.

+ Motor Condition, Check the mtesrity of motor winding msulation. These tests usually
mezasure insulation resistance at a certain voltage or the rate at whech an applied woltage
decays across the insulafion. A vibration analysis can also indicate certain condifions
within moter windings and lead to ealy detection of developing problems.

References
Extend Your Motor's Operating Life, DOE Motor Systems Tip Sheet, 2005,
Test for Pumping System Efficiency, DOE Pumping Systems Tip Sheet, 2005,

About DOE’s Industrial Technologies Program
The Indusitial Techmologies Prugram ﬂmrugh partnerships W‘Jﬂl industry,

prevention technologies
Technologies Proeram is part of the U5,
mmﬁmm&mmmmw

The Industrial Technologies Program encourages industry-wide efforts to boost
resource productivity through a strategy called Industries of the Fomre (IOF). IOF
focuses on the following eight enerey and resource intensive industries:

= Aluminum = Forest Products = Metal Casting = Petroleum
+ Chemicals = Glass = Mining = Steel
The Industrial Technologies Program and its BestPractices activities offer a wide

http://www1.eere.energy.gov/manufacturing/tech _deployment/pdfs/maintain_pumping_systemsts5.pdf
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Energy Tips - Pumping

Fumping Systems Tip Sheet #1 » Segtember 2005

DOE and Hydranlic Institute,
Farformance: 4 Sourcebook for
Tnfustry:

Hydraulic Institute—HI iz a non-
profit industry association for pump
and pump system manufaciurers;

it prowides product standards and a

TU.5. Department of Energy—DOE's
Pumping System Assessment Tool
(PSAT) can help you assess pumping
system efficiency and estimate
energy and cost savings. PRAT uses
pump performance data from
Hydraunlic Institute standards and
motor performance data from the
Motorhfaster+ database.

Visit the BestPractices Web site at
for more information on PSAT and
for upcoming training in improving
pumping system performance and in
becoming a qualified pumping

L5, Department of Energy

Bringing you a prospers

Conduct an In-Plant Pumping System Survey

In the United States, more than 2.4 million pumps, which consume more than

142 billion kWh annmally, are used in industrial manufacturing processes. Atan
electricity cost of 5 cents per KkWh, energy used for fhuds transport costs more than
571 llion per year. Even one pump can consume substantial energy. A confimonshy
operated centnifugal pump drven by a fully loaded 100-horsepower motor requires
726,000 EWh per vear. This costs more than $36,000, assuming average electricity
costs of 5 cents per KWh. Even a 10%% reduction in operating costs saves 53,600 per
vear. Table 1 summarizes the electrical costs of operating this pump.

Table 1. Pumping Enargy Cests for Pumgp Driven by 10:0-hp Motor (assuming a 80% motor efficiency)
(Dperating Energy Costs for Various Electricity Costs

Tima 7 cents per kWh | & cents perwh | B centsper kWn | & cenis perkWh | 10 cents per kWh
1 howr §1.60 $3.30 54.90 56.60 58.20
24 hours §39 5§70 §118 §159 §198
1 manth $1,208 52416 33,625 4,833 6,042
1 year 514,500 320,000 343,600 358,000 572,600

Surveying Your Pumping Systems

Pumps larger than a mininmm size and with sigmficant operating hours should be
surveyed to determine a baseline for vour current pumping energy consumption and
costs, wdentify inefficient pumps, determine efficiency measures, and estimate the
potential for energy savings. The US. Department of Energy’s (DOE) Pump System
Energy Opportunity Screening worksheet will kelp vou identify systems that merit a
SUrvey.

The survey team should gather pump and drive motor nameplate mformation and
document operating schedules to develop load profiles, then obtain head/capacity
curves (1f available) from the pump mamufacturers to document the pumping system
design and operating points. The team should also note the system flow rate and
pressure requirements, pump styvle, operating speed, number of stages, and specific
gravity of the flud being pumped If possible, the team should also measure and note
the flow rate and the suction and discharge pressures and note condifions that are
associated with inefficient pump operation, inchuding indicators such as:

* Pumps with lngh mantenance requirements

+ Onersized pumps that operate in a throttled condition

+ Cavitating or badly worn pumps

+ Misapphed pumps

+ Pumping systems with large flow rate or pressure variations

» Pumping systems with bypass flow

+ Throttled control valves to provide fixed or variable flow rates

+ Noisy pumps or valves

* Clogged pipelines or pumps

+ Wear on pump mmpellers and casings that increase clearances between fixed and
moving parts
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+ Excessive wear on wear rnings and beanngs BestPractices I8 part of the Industrial

» Improper packing adjustment that causes binding on the pump shaft p_.m-u_.h:-m
mrﬂmﬂmwhuema5mpmnbjmmdmmmmm :“'_“m_m
prow together emerging technologles and best
* Changes from inifial desizn condifions. Dhstnbution system cross-connections, parallel EnEry-management practices o help
mam hnes, or changes in pipe diameter or material may change the ongnal system III-dHI:h-ﬂ.I : ..IIMI
curve. right now.

* Low-flow rate, high-pressure end use applications. An entire pumping svstem may BestPracticss emprasizes plant systems,
be operated at high pressure to meet the requirements of a single end wse. A booster where significant eficieacy Improvements

: . : and szvings can be achieved. Industry gains
or dedicated pump may allow system operating pressure to be reduced. h_-inhﬂ
:--“ pertormance of
Pumping System Efficiency Measures -uﬁ-.w-r.:m
. . ) . ] 1 addition, the Indusiris

Measures to improve pumping plant efficiency include: -‘glml:l

+ Shut down unnecessary pumps. Re-optimize pumping systems when a plant’s water -—-“:“mh—-‘
use requirements change. Use pressure switches to control the number of pumps in
service when flow rafte requirements vary.

+ Restore internal clearances. FOR ADINTIONAL INFORMATION,

+ Replace standard efficiency pump drive motors with NEMA Premmm™ motors.

+ Replace or modify oversized pumps.

- EERE Information Centar
— Install new properly sized pumps. 1-B77-EERE-INF
— Trm or change the pump impellers to match the output with system requirement= {1-877-337-34863)
when the pumping head exceeds system requirements. Consult with the vendor to WWW.2B8ra.Energy.gov
determine the minmmm impeller diameter for a pump casng.

* Meet vanable flow rate requirements with an adjustable speed drive or multiple WEEWHW-

pump arrangement instead of throtthng or bypassing excess flow. and Renawabls Enargy
1.5 Department of
Washington, DC 20585-0121
About DOE's Industrial Technologies Program WWW.28ra.enargy.gow/industry

The Industrial Technologies Prugram r.hmugh parinerships wn‘.h industry,

mmﬁmm&mmmmw
The Industrial Technologies Program encourages industry-wide efforts to boost

resource productivity through a strategy called Industries of the Pature (IOF). IOF
focuses on the following eight energy and resource intensive industries:

= Aluminum = Forest Products = Metal Casting = Petroleum
» Chemicals = (Glass = Mining = Steel
The Industnal Technologies Program and its BestPractices activities offer a wide

http://www1.eere.energy.gov/manufacturing/tech _deployment/pdfs/pumpingl_conduct.pdf
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Software Tools

Pumping System Assessment Tool

Pumping System
Assessment Tool

http://www1.eere.energy.gov/manufacturing/tech _deployment/software psat.html

Plant Energy Profiler

i‘-'o"' -

f 2P, rOfI“

"‘«JL(_L,PEP 1: 0;);

The Plant Energy Profiler, or PEP, is an online software tool provided by the U.S.
Department of Energy to help industrial plant managers in the United States
identify how energy is being purchased and consumed at their plant and identify
potential energy and cost savings. PEP is designed so that the users can
complete a plant profile in about an hour. PEP provides users with a customized,
printable report that shows the details of energy purchases, how energy is
consumed, potential cost and energy savings, and a list of next steps that can be
followed to save energy.https://save-energy-now.org/EM/tools/Pages/ePEP.aspx

Project Opportunities Tracker

The Project Opportunities Tracker provides a central
location for viewing, comparing and prioritizing energy-
saving projects. It allows users to sort, edit, and save their
recommendations from assessments and tools in one e
place. In addition to recommendations from tools, a Opportunltles
surplus of recommendations from AMQO's Industrial Tracker
Assessment Center database are contained in the eCenter
Tool's "project library." Users can import recommendations
from this "project library" and add them to their list of

Project
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potential opportunities and projects.
https://save-energy-now.org/EM/tools/Pages/PortfolioToolHome.aspx

EnP13.0

The EnPI V3.0 is a regression analysis based tool developed by the U.S.
Department of Energy to help plant and corporate managers establish a
normalized baseline of energy consumption, track annual progress of intensity
improvements, energy savings, Superior Energy Performance (SEP) EnPls, and
other EnPIs that account for variations due to weather, production, and other
variables. The tool is designed to accommodate multiple users including Better
Buildings, Better Plants Program and Challenge Partners, SEP participants,
other manufacturing firms, and non-manufacturing facilities such as data centers.
https://save-energy-now.org/EM/tools/Pages/EnPl.aspx

Download the DOE eGuide Lite for use in my
organization

The DOE eGuide Lite is designed to help you get started with the
basics of better energy management. By implementing this guide
within your organization you will begin to develop the skills and
expertise needed to sustain the energy improvements you
implement. It will also prepare your organization for more
sophisticated energy management practices like ISO 50001 and
Superior Energy Performance, if you choose them.
https://save-energy-now.org/EM/SSPM/Pages/SSPM_UserHome.aspx

Energy Resource Center
http://www1.eere.energy.gov/manufacturing/tech _deployment/ecenter.html
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