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Abstract 

Industrial customers can be motivated to adopt comprehensive energy efficiency improvements by 
developing energy efficiency performance metrics as a function of production. This paper provides 
energy efficiency performance metrics and evaluation results for two of the largest industrial fruit and 
tomato processing facilities in California. The fruit facility processes 35,220 tonnes of apricots and 
peaches annually and the tomato facility processes 476,272 tonnes of tomatoes annually. Each 
facility implemented comprehensive energy efficiency projects including installation of energy efficient 
motors, equipment, lighting, and controls. The International Performance Measurement & Verification 
Protocols and Six Sigma strategies were used to develop energy efficiency performance metrics as a 
function of production based on historical utility billing data and engineering analyses. The 
performance metrics were used to evaluate energy and peak demand savings. The measured 
savings for each site range from 20 to 50 percent of the baseline kWh and kW usage. The ex post 
evaluation savings for the fruit processing facility are 838,477  121,370 kWh/yr and 907  41 kW with 
realization rates of 1.16 for kW savings and 0.69 for kWh savings. The ex post evaluation savings for 
the tomato processing facility are 2,377,768  328,490 kWh/yr and 1,592  220 kW with a realization 
rate of 1.47  0.2 for the kW savings. These industrial customers indicated a willingness to continue 
monitoring the energy efficiency performance metrics of their industrial processes to maintain, control, 
and improve energy and peak demand savings from motor systems, equipment, and controls. 

Introduction 

Enabling legislation for the California Climate Action Registry (Senate Bill 527) requires participating 
entities to report total green house gas (GHG) emissions and “industry-specific metrics” such as 
energy intensity independent of economic growth or growth in production, using either an economic or 
a physical value for the denominator [1]. Recent analyses have shown that there is great variability in 
economic metrics and that energy intensity metrics based on physical values more accurately trace 
actual trends in energy intensity or emissions [2]. As a result, there have been increasing efforts to 
develop suitable physical metrics [3, 4, 5, 6, 7].  

This paper presents energy efficiency performance metrics as a function of industrial food production 
and demonstrates how these metrics can be used to evaluate energy savings of motor systems and 
industrial food processing equipment. The paper provides evaluation, measurement, and verification 
(EM&V) results for comprehensive energy efficiency projects implemented at two of the largest 
industrial fruit and tomato processing facilities in California [8, 9]. The fruit facility processes 35,220 
tonnes of apricots and peaches annually and the tomato facility processes 476,272 tonnes of 
tomatoes annually.  Each facility implemented comprehensive state-of-the-art energy efficiency 
projects including installation of energy efficient motors, equipment, and controls. The load impact 
evaluations adhered to the International Performance Measurement and Verification Protocols 
(IPMVP) Option B (i.e., retrofit isolation) and IPMVP Option C (whole facility billing analysis).  Whole 
facility billing data was used to develop baseline kWh energy use. Billing and engineering analyses 
were used to estimate gross kWh/yr savings. Field measurements of kW were used to estimate gross 
peak kW savings.  

Industrial Fruit Processing Facility 

The fruit processing facility is a grower-owned cooperative founded in 1971 and employs over 1,000 
people at peak season. The fruit facility processes 40,000 tons (35,220 tonnes) of apricots and 
peaches annually and is operated during the fruit harvest season that runs from June through 
September.  The plant receives approximately 1,000 bins (379 tonnes) of apricots and 1,400 bins 
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(641 tonnes) of peaches per day during their respective harvest seasons.1 Bins of fruit arrive on trucks 
carrying approximately 48 bins per truck. The facility cannot immediately process all fruit on the day it 
is received so it is placed into cold storage until it can be processed. Increasing sales motivated the 
expansion of production facilities from 19,263 bins to 75,800 bins per year and consideration of 
energy efficiency improvements.  Two options were investigated to expand cold storage capacity. The 
baseline option was to simply expand the existing inefficient hydro-cooling system. The high efficiency 
option was to install a computer-controlled internal air-cooling system with variable-frequency fans 
and air versus water cooling, The new air-cooling system was designed to save 56 percent on peak 
electric demand and 67 percent on electrical usage compared to the baseline. The energy efficient 
option was implemented in 2001 with assistance from the local public utility and incentives of 
$380,000 from California Senate Bill 5X funds administered by Northern California Power Agency and 
the California Energy Commission. The incentives covered 38 percent of the $967,500 cost of 
removing the pre-existing hydro-cooling system and installing the high efficiency internal air-cooling 
system.  

Pre-Retrofit Fruit Processing Equipment 

The pre-retrofit hydro-cooling system sprayed cold water on top of bins of apricots and peaches as 
they traveled slowly down a conveyor (Figure 1). The bins of fruit were then placed inside the 4,496 
square meter cool storage building where they were stored for processing. The cold water was 
dumped daily to eliminate cross contamination of fruit. The walls of the cool storage building are 
insulated to 0.238 W/m2K and the roof is insulated to 0.167 W/m2K. The pre-retrofit cool storage 
building was served by three 93.3kW (110-ton) reciprocating ammonia compressors. The 
compressors were served by one evaporative cooling tower with four 5.6 kW fans. The plant had 
limited storage capacity so off-site cold storage facilities were used and this reduced efficiency and 
quality control and increased complexity and cost of production. The hydro-cooling system consisted 
of 273 kW of equipment to cool 70 bins per hour from 33°C to 8°C (25°C delta).2  To meet expanded 
fruit production from 19,263 bins to 75,800 bins and the product quality cooling requirements of 
cooling 70 bins per hour from 33°C to 1°C (32°C delta), the pre-installation hydro-cooling system 
would have had to be expanded to approximately 3 times its initial size or 818 kW of equivalent 
equipment to cool 207 bins per hour from 33°C to 1°C (32°C delta). In addition, a total of six storage 
rooms would have been necessary for staging of product. Each storage room is 1,313 square meters, 
so a total of 7,875 square meters of storage would have been required.  

Figure 1. Old Hydro-Cooling Refrigeration Figure 2. New Internal Air-Cooling System 
 

                                                     

1 An industrial bin of fruit is made of wood or plastic and with a volume of 0.906 cubic meters. A bin holds 379 kilograms of 
apricots or 458 kg of peaches. 

2 Pre-installation hydro-cooling system included 187 kW ammonia compressor, 37.4 kW water pump, 30 kW condenser fans 
and pumps, and 18.7 kW conveyor drives. 
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Energy Efficient Fruit Processing Equipment 

The energy efficient internal air-cooling system includes new refrigeration equipment, new cooling 
tower, new variable frequency drive (VFD) fans, and new computer controls. The new refrigeration 
equipment includes a 187 kW screw ammonia compressor.3 The new compressor is served by a new 
evaporative condenser with one 11.2 kW fan and one 5.6 kW fan. The new system modified the 
existing cold storage warehouse to include a pre-cool vestibule room and internal air-cooling tunnels 
that can handle 1,440 bins of fruit per day. The two adjacent cold storage rooms and the new pre-cool 
vestibule room are equipped with four 5.6 kW fans and one 11.2 kW VFD fan fitted with flexible ducts 
to distribute cold air evenly throughout the rooms with less power than the previous fans.  The internal 
air-cooling system consists of nine tunnels each with two fans (an upper two-speed 5.2/1.4 kW fan 
and lower 7.5 kW constant speed fan. The pre-cool vestibule room includes insulated doors, fruit bin 
pass-through conveyors for loading, nine air-cooling tunnels, and a vestibule area with rollup doors on 
each side leading directly into the adjacent cold storage rooms. The computer controls have 
temperature sensors that are inserted into the fruit to automatically shut-off fans when the fruit 
temperature reaches 1°C. Computer controls also monitor the air temperature of the cool storage 
area and continuously monitor key operational parameters of the facility including fruit and air 
temperatures and kW and kWh usage. The three pre-existing reciprocating ammonia chillers and pre-
existing evaporative cooling tower remain in place to backup the new compressor and evaporative 
condenser. The pre-cooling vestibule and internal air-cooling areas are 1,313 square meters. The 
cold storage area is 2,567 square meters. With computer control, variable-frequency and two-speed 
drives, and air versus water cooling, the new air-cooling system was designed to save 56 percent on 
peak electric demand and 67 percent on electrical usage. The ex ante assumed savings are 
1,194,000 kWh/yr and 765 kW.  

Performance Metrics for Fruit Processing Facility 

The International Performance Measurement and Verification Protocol (IPMVP) and Six Sigma 
strategies provide a framework to develop energy efficiency performance metrics as a function of 
production for industrial customers [10, 11]. Performance metrics provide easily understandable 
information to measure energy use and analyze the gap between where an industrial customer is in 
terms of energy use per unit of production and where they wish to be in terms of improved energy 
efficiency. Performance metrics can be used to continuously monitor energy efficiency performance, 
control critical-to-quality (CTQ) characteristics, and integrate best-in-class systems into the production 
process. The energy efficiency performance metric (EEPM) for the fruit processing facility is 
expressed mathematically in Equation 1. 

Eq. 1.  
UnitC

E
EEPM kWh

kWh 
  

Where, 

kWhEEPM =  Energy Efficiency Performance Metric in kWh per degree Celsius per unit of fruit. 

kWhE =  Energy usage for the food processing facility. 
C =  Temperature difference of delivered fruit (33°C) and optimal storage temperature (1°C). 

Unit = Unit of fruit processed (i.e., bin). 
 

The historical utility data and production records indicate a performance metric of 0.6765 kWh/°C·bin 
for the pre-existing hydro-cooling system. Utility data and production records from 2001 indicate a 
performance metric of 0.333 kWh/°C·bin for the new forced-air cooling system. In order to properly 
evaluate load impacts for the new forced-air system the pre-retrofit performance must be normalized 
to bring energy use in the two periods to the same set of conditions.  In 2000, the site processed 
19,263 bins of fruit and electrical consumption for the pre-installation hydro-cooling and fruit storage 
system was 563 kW and 325,539 kWh (see Table 1, 2000 actual). In 2001, the site processed 56,865 
bins of fruit using the new internal air-cooling process.  The production in 2001 increased by 195 

                                                     

3 If the fruit processing facility had simply expanded their baseline hydro-cooling system they would have required two 
additional hydro-cooling systems and 3,853 square meters of additional cool storage. 
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percent compared to 2000. Increased in production is accounted for by normalizing energy intensity 
per unit of physical production. If the existing hydro-cooling system was used to chill 56,865 bins of 
fruit to the same temperature (32.2°C) as the new system, then the equivalent electrical 
consumption would have been 1,652 kW and 1,238,624 kWh (see Table 1, 2001 EM&V baseline). 
With the new forced air-cooling system the 2001 actual as-built electrical consumption was 745 kW 
and 609,600 kWh, and the 2001 M&V savings are 907 kW and 629,024 kWh (see Table 1).  

Table 1. Historical Billing Data in 2000/2001 and Estimated Savings in 20014 
   A B C D A - C B - D 

Month 
2000 

Actual kW

2000 
Actual 
kWh 

2001 
EM&V 

Baseline kW

2001 
EM&V  

Baseline 
kWh 

2001 
Actual As-
Built kW 

2001 
Actual As-
Built kWh 

2001 
EM&V 

Savings 
kW 

2001 
EM&V 

Savings 
kWh 

Jan     
Feb     
Mar     
Apr     
May     
Jun 163 50,019 1,533 258,941 691 127,440 842 131,501
Jul 400 126,560 1,652 350,131 745 172,320 907 177,811
Aug 563 126,560 1,557 553,967 702 272,640 855 281,327
Sep 319 22,400 565 75,585 255 37,200 310 38,385
Oct     
Nov     
Dec     
Total 563 325,539 1,652 1,238,624 745 609,600 907 629,024
  

The year 2002 baseline includes full production at 75,800 bins at 32.2°C, and this baseline is used 
to calculate ex post energy savings using Equation 2.5 

Eq 2. kWh/yr 838,477  bins 75,800C2.32)binCkWh/ 0.333 - (0.6765= SavingsEnergy    

The utility billing data for 2001 showed peak demand of 745 kW for the new forced-air cooling system. 
The baseline peak demand of 1,652 kW for 56,865 or 75,800 bins (at 32.2°C) is calculated based on 
measuring and calibrating equipment loads to historical demand as shown in Tables 2 through 4.6 
The peak electricity demand savings are calculated as follows. 

Eq. 3.  kW 907 kW 745 - kW 1,652= Savings Demand Peak   

The ex ante assumed savings are 1,194,000 kWh/yr and 765 kW. The EM&V savings are 838,477  
121,370 kWh/yr and 907  41 kW at the 90 percent confidence level. The effective useful lifetime for 
the refrigeration process overhaul is estimated at 20 years.7 Therefore, the lifecycle savings are 
16,769,540  2,427,400 kWh. The realization rates are 0.69 for kWh savings and 1.16 for kW savings. 
The total cost for installed equipment is $967,500 and the utility incentives were $380,000.  The total 
annual savings in electricity and maintenance is $260,310 and the calculated simple payback is 2.3 
years (based on 2001 savings).  

                                                     

4 Historical electricity use and estimated savings are based on actual 2000 and 2001 billing and production data. Data for 2001 
is adjusted for new 240 current transformer (CT) multiplier (i.e., 1,200 to 5) from pre-2001 CT multiplier of 160 (i.e., 800 to 5). 

5 A fixed base year methodology was used for this study. Insufficient data is available to develop a multi-year average baseline. 

6 The 2002 baseline peak demand for 75,800 bins (32.2°C) is equal to demand for 56,865 bins (32.2°C) since no additional 
baseline equipment would be available (or required) to produce 75,800 bins of fruit. 

7 See Energy Efficiency Policy Manual, Chapter 4, pages 21-22, prepared by the California Public Utilities Commission, 2001. 
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Table 2. Actual Pre-Installation kW in 2000 (19,253 Bins at 25°C) 
Equipment kW Load Factor KW Notes 
Compressors 283 0.35 99 Baseline compressors serve 2 cool rooms. 
Tower 22.9 0.35 8 Baseline tower cycled for one compressor. 
Const. Speed Fans 240 0.75 179 Eight 15 kW fans/room, but only cooled 2 rooms and 2 

fans/room are off adjacent to doors. 
Hydro-Cool Sys. 273 1.00 273 Engineering estimate calibrated to measured data 
Lighting 4 1.00 4 0.09 W/sf Lighting (3,938 m2) 
Total 941  563 Billing data shows 563 kW 
 
Table 3. EM&V Baseline kW in 2001/2002 (56,865 or 75,800 Bins at 32.2°C) 
Equipment kW Load Factor KW Notes 
Compressors 283 0.96 268 96% part load due to increased load at 32.2°C. 
Tower 22.9 0.96 21 96% part load due to increased load at 32.2°C. 
Const. Speed Fans 717 0.75 538 Eight 15 kW fans per room and 6 rooms and 2 fans per 

room are off adjacent to doors. 
Hydro-Cool Sys. 818 1.00 818 Requires two additional 273 kW hydro-cool chillers 
Lighting 8 1.00 8 0.09 W/sf Lighting (6,563 m2) 
Total 1,845  1,652 EM&V estimate based on additional equipment 
 
Table 4. Actual As-Built kW in 2001 (56,865 or 75,800 bins at 32.2°C) 
Equipment kW Load Factor kW Notes 
Chillers 464 1.00 464 Engineering estimate calibrated to measured data 
Tower 39 1.00 39 Engineering estimate calibrated to measured data 
VFD Fans 169 1.00 169 Engineering estimate calibrated to measured data 
Const Speed Fans 67 1.00 67 Engineering estimate calibrated to measured data 
Lighting 6 1.00 6 0.131 W/sf Lighting (3,938 m2) 
Total 745  745 Billing data shows 745 kW 
 

Industrial Tomato Processing Facility 

The tomato processing facility was relocated in 2002 to be closer to where the tomatoes are grown to 
improve processing quality and reduce transportation costs. The tomato processing facility operates 
during the tomato harvest season that runs from June through September.  The new plant is designed 
to process approximately 525,000 tons (462,272 tonnes) of tomatoes per season or 5,850 tons (5,307 
tonnes) per day during the harvest season. Tomatoes are delivered to the plant on trucks carrying 
approximately 20 tons (18.14 tonnes) of tomatoes per truck. The facility will eventually include 24 
production lines. Only 18 production lines are considered in this report in order to compare to the 
inefficient facility that previously included 18 production lines. As part of the move, the production and 
efficiency of the facility was upgraded including new properly-sized high-efficiency motors, high-
efficiency helical drives, variable frequency drives (VFDs), controls, equipment, efficient lighting, and 
day lighting. The customer received a peak load reduction grant from the California Energy 
Commission for $217,000 based on ex ante savings 1,085 kW savings and $200/kW. No ex ante kWh 
savings were assumed. Electrical billing data was obtained for the old site from the local public utility. 
The new site receives electricity and natural gas from a California investor-owned utility. The 
estimated total cost for moving the facility is $22 million. The cost for the energy efficiency 
improvements is approximately $1.2 million.8 

Pre-Retrofit Tomato Processing Equipment 

The old facility consisted of 4 evaporators and 18 production lines with over-sized standard inefficient 
constant-speed motors, manual controls, 50% efficient “right-angle” gear drives, and inefficient 
lighting. The old facility had annual production of 325,000 tons (294,835 tonnes) of tomatoes per year. 

                                                     

8 Project cost is based on information provided by the facility controller. 
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Energy Efficient Tomato Processing Equipment 

The new energy efficient tomato processing facility includes the following efficiency improvements: 1) 
computer controls to increase production and improve processing efficiency, 2) eliminate unnecessary 
motors, 3) properly-size motors (old motors were oversized), 4) high-efficiency motors (approximately 
one hundred 0.4 kW to 15 kW motors), 5) variable frequency drives (VFDs), 6) high efficiency helical 
drives (96% efficient), and 7) efficient lighting and day Lighting. The move will also save transportation 
fuel since most of the tomatoes processed are grown near the new site. The most important efficiency 
upgrade is the improvement in product throughput. The new facility has 62 percent greater annual 
production of 525,000 tons (462,272 tonnes) of tomatoes per year. Increased in production is 
accounted for by normalizing energy intensity per unit of physical production. The estimated ex ante 
peak load reduction savings are 1,085 kW were based on the overall efficiency upgrade in equipment 
and throughput. A summary of the ex ante kW savings based on “bottom up” analysis is shown in 
Table 5. The EM&V study provides an ex post “top down” analysis of the savings based on 
2001/2002 production and utility electricity data.9 
 
Table 5. Summary of Ex Ante “Bottom Up” kW Savings for Tomato Facility 

Section Description 
Quantity of 

Motors kW Savings 
1 Bulk Dump 5 101 
2 Caustic Applicator 14 137 
3 Cord Peeler 7 37 
4a Product Staging 41 116 
4b Efficient Lighting & Day Lighting  51 
5a Manual Sorter and Hot Break 16 107 
5b Automatic Sorter 7 5 
6a Evaporator and Pulper Feeder Tanks (PFT) 52 211 
6b Kitchen Mixing Tank 17 23 
6c Kitchen Pump 17 25 
7 De-Palletizing 45 16 
8a Product Fill and Close 28 78 
8b Paste Fill and Close 21 60 
8c Rotel 18 11 
9 Cooker 21 43 
10 Cooler 19 38 
11 Palletizing and Warehouse 28 26 
 Ex Ante "Bottom Up" kW Savings 356 1,085 
 Old facility kW from historical billing data = 6,634 kW  
 Old facility at new facility efficiency = 5,072 kW  
 EM&V Ex Post “Top Down” kW Savings 1,562 

 

The tomato processing facility consists of eleven (11) processing sections. Each section is described 
below with an indication of the number of energy efficiency measures installed and ex ante “bottom 
up” kW savings. As mentioned above, final EM&V savings are based on utility billing data, production 
data, and engineering analyses. 

Section 1. Bulk Dumping Section – 101 kW peak demand savings 
Trucks carry tomatoes into the processing facility where they are dumped and lifted to the peeler and 
sorter sections. Figure 3 shows one of five lifts retrofitted with 3.7 kW properly-sized high efficiency 
VFD motors with helical drives. The old lifts had inefficient 15 kW hydraulic motors. Figure 4 shows 
new computer logic controls (PLC) to increase production efficiency by 60%. 
 

                                                     

9 The “bottom up” analysis of savings is non-normalized for production and is based on analysis of each section of the facility in 
terms of reducing the number of unnecessary motors, properly sized high efficiency motors, VFDs, lighting level reduction, and 
new computer controls that increase production and improve efficiency. 
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Figure 3. Tomato Lift Figure 4. Computer (PLC) Controls 
Section 2. Caustic Applicator Section – 137 kW peak demand savings 
Caustic peelers are used to loosen the tomato skin (Figure 5). There are seven energy efficient 
caustic peelers. Each caustic peeler includes properly sized high efficiency 2.2 kW motors with 96% 
efficient helical gear drives to replace old right angle gear drives that were 50% efficient. The old 
motors were 3.7 kW. The new motors have computer controlled VFDs for optimal speed and 
efficiency. Seven pumps were changed from 22.4 kW to high efficiency 15 kW motors. 

Section 3. Cord Peeler Section – 37 kW Peak Demand Savings 
Tomatoes go through the cord peelers where the skin is removed (Figure 6). There are 7 state-of-the-
art cord peelers with one per production line. Each cord peeler includes properly sized high efficiency 
motors and computer controlled VFDs. The cord peelers have 96% efficient helical gear drives to 
replace old right angle gear drives that were 50% efficient. Computer controls maintain optimal 
production speed and efficiency. 
 

Figure 5. Caustic Tomato Peeler Figure 6. Cord Peeler 
 
Section 4a. Product Staging Section – 116 kW Peak Demand Savings 
Tomatoes are routed to product staging conveyor belts prior to sorting as shown in Figure 7 (motors 
and drives are painted white). This section includes 16 properly sized energy efficient motors with 
VFDs saving 12 kW, and 41 helical gear drives with computer controls saving 104 kW. Helical gear 
drives are 96% efficient and replace old and inefficient right-angle gear drives that were 50% efficient. 
Computer controls maintain optimal production speed and efficiency. 
 
Section 4a. Efficient Lighting and Day Lighting – 51 kW Peak Demand Savings 
Efficient lighting and skylights are installed throughout the facility as shown in Figure 8. The installed 
lighting intensity is 11.84 W/m2 compared to 18.3 W/m2 for the old facility. With approximately 7,900 
square meters of production area the total savings from lighting are 51 kW.  
 



Energy Efficiency Performance Metrics for Industrial Food Processing 

Fifth International Conference  on Energy Efficiency in Motor Driven Systems EEMODS 2007, Beijing, China 8 

Figure 7. Product Staging Section Figure 8. Energy Efficient Lighting 
 
Section 5a. Manual Sorter and Hot Break Section – 107 kW Peak Demand Savings 
There are eight manual sorters that receive tomatoes from the bulk dump section and send tomatoes 
to the hot break section (Figure 9). The manual sorters have six new 18.7 kW motors at 93.6% 
efficiency replacing six old 22.4 kW motors. There are a total of eight 18.7 kW and eight 11.2 kW 
motors in the hot break section. Computer controlled flow of the tomatoes reduces energy use and 
increases efficiency and throughput. 
 
Section 5b Automatic Sorter Section – 5 kW Peak Demand Savings 
From the product staging section tomatoes go to the automatic sorter section that sorts tomatoes by 
color and size. (Figure 10). There are seven state-of-the-art automatic sorters. Each automatic sorter 
includes properly sized high efficiency motors and computer controlled VFDs. Computer controlled 
flow of the tomatoes reduces energy use and increases efficiency and throughput. 
 

Figure 9. Manual Sorters Figure 10. Automatic Sorter 
 
Section 6a Evaporator and Pulper Feeder Section – 211 kW Peak Demand Savings 
Tomatoes go from the sorters to the hot breaks, pulper feeder tanks (PFT), pulp/finishers, evaporator 
feed tanks, and then to evaporators (Figure 11). From the evaporators the tomato paste goes to 
either the kitchen mixing tanks or the flash cooler-paste box-fill section.  There are 7 PFTs, 6 
evaporators and 14 pulper systems. Figure 12 shows 4 PFTs and 8 pumping motors. High efficiency 
motors are used to move tomato products through this section and back to the kitchen section. The 
old 224 kW 88% efficient supply air motor was replaced with a 187 kW 96.2% efficient motor. The old 
37 kW 84% efficient exhaust air motor was replaced with a 37 kW 90.2% efficient motor. 
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Figure 11. Evaporator Section Figure 12. Pulper Feeder Tank Section 
 
Section 6b Kitchen Mixing Tank Section – 23 kW Peak Demand Savings 
Tomato product goes from the evaporator section to one of fourteen kitchen mix systems where it is 
combined with herbs and spices and mixed into sauce, paste, and juice (Figure 13). There are 32 
tanks and 15 mixing tanks in the kitchen. Four 4 motors were upgraded to high efficiency motors used 
to mix tomato products in the kitchen (i.e., two 7.5 kW and two 11.2 kW motors). All seventeen motors 
in the kitchen are computer controlled to increase production and efficiency. 
 
Section 6c Kitchen Pump Section – 25 kW Peak Demand Savings 
There are 32 tanks and 17 are supply tanks as shown in Figure 14. There are 17 pumps (15 are VFD 
motors). This section was upgraded to computer controls and VFD motors used to pump processed 
tomato product from the kitchen to the production lines.  Computer controlled flow of the tomatoes 
reduces energy use and increases efficiency and throughput. 
 

Figure 13. Kitchen Mixing Tanks Figure 14. Kitchen Pumps 
 
Section 7 De-palleting Section – 16 kW Peak Demand Savings 
Tin cans are supplied to the facility in the de-palletizing section. The de-palletizing section sends cans 
to the product fill bowl sections. There are 12 de-palletizers as shown in Figure 15. This section has 
fifteen 0.75 kW and thirty 1.1 kW conveying motors. High efficiency motors and controls are installed 
on each de-palletizer. Savings are based on new design/layout and computer controlled flow of cans 
that reduces energy use and increases efficiency and throughput. 
 
Section 8a Product Fill and Close Section – 78 kW Peak Demand Savings 
Tomatoes go from the automatic sorter section to the product fill and close section. There are seven 
product fill and close production lines in this section. Six of them have been improved from 250 
cans/minute to 400 cans/minute. The seventh is a high-speed canning line that has been improved to 
1,000 cans per minute (see Figure 16). Computer controlled flow of the tomatoes reduces energy use 
and increases efficiency and throughput. 
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Figure 15. De-palletizer Section Figure 16. High Speed Canning Line 
 
Section 8b Paste Fill and Closed Section – 60 kW Peak Demand Savings 
Tomato product (i.e., sauce, paste, juice) goes from the kitchen to the paste fill and closed section as 
shown in Figure 17. There are 12 product lines. Efficiency has been increased from 250 cans per 
minute to 400 cans per minute. Savings are based on the new computer controls, shorter conveyor 
sections (reducing installed hp by 16%), and new high efficiency motors. 
 
Section 8c Rotel Section – 11 kW Peak Demand Savings 
Tomatoes or tomato products enter the Rotel section from either the automatic sorter or the kitchen. 
There are two Rotel lines. Two feed elevators were upgraded to high-efficiency The Rotel section was 
redesigned to reduce the number and size of motors. New efficient heaters were installed and new 
computer controls allow increased production and improved efficiency. 
 

Figure 17. Product Fill and Close Section Figure 18. Rotel Section 
 
Section 9 Cooker Section – 43 kW Peak Demand Savings 
Processed or canned tomatoes finally enter the cooker section where they are cooked (Figure 19). 
There are 21 cookers with properly sized high efficiency VFD motors and controls. 
 
Section 10 Cooler Section – 38 kW Peak Demand Savings 
Once cooked the canned tomatoes enter the cooler section (Figure 20). There are 19 coolers with 
properly sized high efficiency VFD motors and controls. 
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Figure 19. Cooker Section Figure 20. Cooler Section 
 
Section 11. Palletizing and Warehouse Section – 26 kW peak demand savings 
Once cool canned tomatoes are palletized and then sent to warehouse storage (Figures 21 and 22). 
Efficiency and design improvements allowed the removal of five 0.8 kW motors and five 2.2 kW 
motors. 
 

Figure 21. Palletizing Section Figure 22. Warehouse Section 
 

Performance Metrics for Tomato Processing Facility 

The energy efficiency performance metrics for the tomato processing facility are expressed 
mathematically in Equations 2 and 3 and are normalized based on kWh and peak kW demand per 
case of tomatoes.10 

Eq. 2. 




month

month
kWh

cases

kWh

=EEPM  

Eq. 3. 


month

month
kW

cases

kWPeak
= EEPM  

Where, 

kWhEEPM =  kWh or kW of electricity Use Per Case for the tomato processing facility. 
cases =  Number of cases of tomatoes processed per month. 

 

                                                     

10 One case of tomatoes contains 11.56 kg of tomatoes. 
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The historical utility data and production records provide performance metrics of 0.40737 kWh/case 
and 0.000583 kW/case for the pre-existing facility (Table 6, column D and E). Planned production for 
the new facility in 2002 was 41,200,000 cases of tomatoes using 21 production lines. Due to delays in 
getting the new facility operational, actual 2002 production was 35,565,134 cases and actual 
electricity use was 11,713,408 kWh and 5,683 kW. Therefore, the performance metrics for the new 
energy efficient facility are 0.3294 kWh/case and 0.000446 kW/case (Table 7, column D and E). The 
peak electricity demand performance metric (i.e., kW/case) is time dependent and based on the 
monthly peak electricity demand divided by monthly production. 

Table 6. 2001 Pre-Retrofit Historical Production and Electricity Use 
 A B C D = A / C E = B / C 

Month 

2001 
Pre-Retrofit 

kWh 

2001 
Pre-Retrofit 

kW 

2001 
Pre-Retrofit 

Cases 

Pre-Retrofit 
EPUC 

kWh/case 

Pre-Retrofit 
EPUC 

kW/case 
June 747,840 2,111 1,282,465 0.5831 0.001646
July 1,841,610 6,384 3,158,162 0.5831 0.002021
August 4,498,080 6,634 11,377,596 0.3953 0.000583
September 3,716,880 6,504 11,352,251 0.3274 0.000573
October 1,140,000 4,682 2,150,000 0.5302 0.002178
Total 11,944,410 6,634 29,320,474 0.40737 0.000583

 
Table 7. 2002 Post-Retrofit Historical Production and Electricity Use 

 A B C D = A / C E = B / C 

Month 

2002 
Post-Retrofit 

kWh 

2002 
Post-Retrofit 

kW 

2002 
Post-Retrofit 

Cases 

Post-Retrofit 
EPUC 

kWh/case 

Post-Retrofit 
EPUC 

kW/case 
July 1,871,950 5,302 4,916,156 0.3808 0.001078
August 4,172,919 5,683 12,748,288 0.3273 0.000446
September 3,944,069 5,587 13,676,143 0.2884 0.000409
October 1,724,470 5,570 4,224,556 0.4082 0.001318
Total 11,713,408 5,683 35,565,143 0.3294 0.000446

 
In order to normalize the energy and peak demand savings the new facility production efficiency is 
assumed for the 18 production lines at the old facility. Based on this assumption, the 2001 electricity 
use is 5,072 kW and 9,566,642 kWh (see Table 8, column D and E). The normalized savings are 
1,592 kW and 2,377,768 kWh (see Table 8, column F and G).  

Table 8. Normalized EM&V kWh and kW Savings Based on 2001 Production11 
 A B C D E F = A – D G = B – E 

Month 

2001 
Actual 

Pre-Retrofit 
kWh 

2001 
Actual 

Pre-Retrofit
kW 2001 Cases

2001 
Assuming 

New Facility 
Efficiency 

kWh 

2001 
Assuming 

New Facility 
Efficiency 

kW 

EM&V 
Normalized 

Savings 
kWh 

2001 
EM&V  

Normalized 
Savings 

kW 
June + July 2,589,450 6,384 4,440,627 1,690,880 3,406 898,570 2,978
July 4,498,080 6,634 11,377,596 3,724,248 5,072 773,832 1,562
August 3,716,880 6,504 11,352,251 3,273,881 4,638 442,999 1,866
September 1,140,000 4,682 2,150,000 877,633 2,835 262,367 1,847
Total 11,944,410 6,634 29,320,474 9,566,642 5,072 2,377,768 1,562
 

The top 25 production days in 2002 for the new facility are shown in Table 9. Note that the adjusted 
peak kW is 5,653 kW on the 17th highest production day (i.e., 475,078 cases). The top production day 
of 522,381 cases had peak demand of 5,329 kW. The efficient new facility non-normalized 2001 top 
production day used 1,305 kW less than the pre-retrofit 2001 August peak day of 6,634 kW.  

                                                     

11 Estimated savings are based on 2001 production and billing data assuming the new facility efficiency and 18 production 
lines. The new facility installed 21 production lines with estimated maximum production of 41.2 million cases of tomatoes per 
year. 
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Table 9. Efficient New Facility Top 25 Production Days in 200212 

# Date Cases/day kWh/day 
Unadjusted

kW 
Adjusted

kW 
1 29-Aug-02 522,381 136,762 5,539 5,329 
2 14-Sep-02 502,312 133,390 5,588 5,378 
3 11-Sep-02 499,842 134,228 5,656 5,446 
4 4-Sep-02 497,978 132,416 5,530 5,320 
5 25-Sep-02 497,149 135,820 5,675 5,465 
6 16-Sep-02 489,546 133,159 5,591 5,381 
7 24-Sep-02 484,056 133,728 5,631 5,421 
8 6-Sep-02 483,479 134,863 5,666 5,456 
9 7-Sep-02 482,768 135,064 5,701 5,491 
10 17-Sep-02 482,023 132,450 5,543 5,333 
11 22-Aug-02 479,782 137,783 5,546 5,336 
12 17-Aug-02 477,704 140,468 5,825 5,615 
13 14-Aug-02 477,246 133,287 5,605 5,395 
14 26-Sep-02 476,701 135,819 5,728 5,518 
15 15-Sep-02 476,692 132,563 5,620 5,410 
16 31-Aug-02 476,242 130,586 5,451 5,241 
17 24-Aug-02 475,078 140,198 5,863 5,653 
18 21-Aug-02 473,424 139,100 5,773 5,563 
19 23-Sep-02 470,738 134,652 5,594 5,384 
20 9-Sep-02 468,200 125,646 5,311 5,101 
21 20-Sep-02 466,635 132,519 5,526 5,316 
22 28-Sep-02 464,754 136,522 5,730 5,520 
23 10-Sep-02 464,410 131,118 5,554 5,344 
24 18-Sep-02 461,226 131,326 5,575 5,365 
25 21-Sep-02 460,180 134,458 5,574 5,364 

Peak Day 24-Aug-02 475,078 140,198 5,863 5,653 
 

The ex ante assumed savings are 1,085 kW and zero kWh savings. The EM&V savings are 1,592  
220 kW and 2,377,768  328,490 kWh/yr at the 90 percent confidence level. The effective useful 
lifetime is estimated at 20 years. Therefore, the lifecycle savings are 47,555,360  6,569,774 kWh. 
The realization rate is 1.47  0.2 for kW savings. The estimated cost for the efficiency improvements 
was $1.2 million and the CEC grant was $217,000.  The total annual savings in electricity and 
maintenance are $455,058 and the calculated simple payback is 2.1 years. The effective useful 
lifetime is estimated at 20 years. 

Conclusion 

Evaluation, measurement, and verification results are provided for comprehensive energy efficiency 
projects implemented at two of the largest industrial fruit and tomato processing facilities in California. 
The fruit facility processes 40,000 tons (35,220 tonnes) of apricots and peaches annually and the 
tomato facility processes 525,000 tons (476,272 tones) of tomatoes annually. Each facility 
implemented comprehensive state-of-the-art energy efficiency projects including installation of energy 
efficient motors, equipment, and controls. The International Performance Measurement & Verification 
Protocols and Six Sigma strategies were used to develop energy efficiency performance metrics as a 
function of production based on historical utility billing data and engineering analyses. Performance 
metrics provide easily understandable information regarding the gap between where an industrial 
customer is presently in terms of energy use per unit of production and where they wish to be in terms 
of improved energy efficiency. The performance metrics for the fruit processor are energy per unit of 
processed fruit per delta degree Celsius. The performance metrics for the tomato processor are 
energy and peak demand per unit of processed tomatoes. The performance metrics were used to 
evaluate energy and peak demand savings. The measured savings for each site range from 20 to 50 
percent of the baseline kWh and kW usage. The ex post evaluation savings for the fruit processing 

                                                     

12 Adjusted kW for the new facility is reduced by 210 kW to account for two well water pumps that were not required. The north 
well pump uses 140 kW, and the 75-hp south well uses 70 kW. 
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facility are 838,477  121,370 kWh/yr and 907  41 kW at the 90 percent confidence level. The 
lifecycle savings are 16,769,540  2,427,400 kWh. The realization rates are 1.16 for kW savings and 
0.69 for kWh savings. The ex post evaluation savings for the tomato processing facility are 2,377,768 
 328,490 kWh/yr and 1,592  220 kW at the 90 percent confidence level. The lifecycle savings are 
47,555,360  6,569,774 kWh. The realization rate is 1.47  0.2 for the kW savings. These industrial 
customers indicated a willingness to continue monitoring the energy efficiency performance metrics of 
their industrial processes to maintain, control, and improve energy and peak demand savings from 
motor systems, equipment, and controls. 
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