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Section 1: Background and Introduction 

1.1 Introduction 
This report prepared on behalf of the California League of Food Processors (CLFP) documents 
the California food processing industry’s progress towards improving its overall water footprint. 
This document compiles industry information from multiple sources with a goal to identify water 
use efficiency over time. Appropriate water use metrics are identified and baseline years are 
referenced. Additionally, this document identifies possible measures for individual food 
processing facilities to consider for implementation so that there is continued improvement in 
water use efficiency.  

This Water Use Efficiency Study also responds to SBX7-7 and the recent release of the 
Commercial, Industrial, and Institutional Task Force Water Use Best Management Practices 
Report to Legislature (CII Task Force Report, October 2013).  

1.2 Objectives 
This study’s primary goal is to document the California food processing industry’s water 
efficiency over time by identifying appropriate metrics and baseline values. This study also 
provides an evaluation of water use in food processing facilities and an assessment of whether 
usage has become more efficient over time and what has possibly led to the increase in 
efficiency. Conservation measures, practices and technologies are compiled and presented for 
consideration. In addition, the study also provides an assessment of whether past changes in 
water policies or laws may have had an impact on total industry water use.  

1.3 California League of Food Processors 
Established in 1905, the CLFP represents the business interests of California's food processing 
industry. CLFP member companies are primarily canners, freezers, dryers, and dehydrators of 
fruits and vegetables. Additional processor members include snack foods, juice bottlers, and 
specialty processors of a variety of food products. Members operate over 150 processing plants 
located throughout the State of California. In addition to the active company membership, over 
250 affiliate members - industry suppliers - are participants in CLFP. 

CLFP furthers the interests of the food processing industry before the State Legislature and 
regulatory agencies, and is also a major representative for the California industry at the Federal 
level. CLFP's purpose is to foster a favorable environment for the growth and strength of the 
industry within the state. In doing so, California processors can continue to provide consumers 
with safe and wholesome food produced in an environmentally sound and responsible manner.  
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Section 2: Research Scope and Design 

A literature survey and a survey of CLFP member companies were conducted. This section 
describes how information and data collected from these surveys were compiled and evaluated 
in order to identify and propose selection of the appropriate water use metrics for food 
processors. The surveys were also used to identify and compile best management practices 
(BMPs) for water use efficiency. 

2.1 Literature Survey 
A literature survey was conducted to identify publications that address water use and BMPs by 
food processors. In all, 60 documents spanning six decades were reviewed with the goal of 
compiling information on food processors’ water use, metrics, and baseline water use as well as 
BMPs. Appendix A provides a bibliography of the references reviewed. The results of the 
literature survey are described below.  

2.1.1 Metrics and Water Use Data 
Food processors’ water use information has been collected and published since the 
mid-twentieth century. Publications from the 1960s to the early 1980s contain significant metric 
and water use data that were collected by government agencies through extensive surveys of 
food processors. In these decades, manufacturers shared their water use data with the US 
Environmental Protection Agency (EPA) and the CA Department of Water Resources (DWR).  

By the 1980s, this type of public agency-led research appears to have tapered off and industry 
sponsored surveys became more prevalent in the 1990s. Because information collected by 
industry typically remains privately-held, more recent publications seem to continue to rely on 
early work. For example, the 2007 version of the Water Encyclopedia continued to rely on water 
use data from Kollar’s work (AWWA, 1980). Today, industry associations continue to take the 
lead, such as this study, in collecting water use information from food processors.  

Publications by conservation specialists (e.g., Pacific Institute, CII Task Force, etc.) seem to rely 
on more recent data. It appears looking any earlier than the previous five years for information 
was not relevant for this work. As an example, the references in Section 5 (Water Use Metrics 
and Data Collection) of the CII task force document, the section on providing an approach to 
establish metrics for evaluating water use efficiency, are dated 2007 to 2011. The use of more 
recent reference material in the CII document may also be because the authors were more 
focused on Best Management Practices (BMPs) than on water usage statistics.  

The literature review showed a progression from an abundance of publically available data in 
the 1960s to much less available data in the twenty-first century. As a result, only ten out of 60 
of the resources reviewed proved relevant to this study. These ten references are listed in 
Appendix B. The relevant data table from these publications are re-printed in Appendix C.  

Although these ten documents had some useful information, it remains difficult to compare data 
across publications and year. For example, the DWR Bulletin 124 focuses on the supply water 
into facilities while the EPA publications concentrate on process wastewater, with limited  
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information on water supply. The difference in focus is attributed to EPA needing to establish 
wastewater discharge limits (the Clean Water Act was promulgated in 1972) and the DWR 
managing California’s water supply resources.  

Another issue that makes comparisons between publications difficult is that researchers 
normalized the water use data differently. Some publications have metrics that normalize water 
use (or wastewater flow) to units of raw product processed (EPA 1977, EPA 1983, and FEIC 
1996); some to units of finished production (Kollar 1980, Water Encyclopedia 1983, Kreith 
1993); while DWR Bulletin 124 compares water use to square-foot of water using area and to 
average-employee-day.  

Of the publications listed in Appendix B, the following were selected to evaluate the water use 
efficiency of food processors over time: EPA (1977), DWR (1979), Kollar (1980), EPA (1983), 
Water Encyclopedia (1983). These sources are supplemented by data collected through 2011 
and 2014 surveys of CLFP member companies as discussed below in Section 2.2.  

2.1.2 Best Practices in Water Efficiency 
The literature was also reviewed to identify best practices for water use within food processing 
facilities. As with the metrics data, when reviewing 50 years of documents, historical trends 
become apparent.  

Water conservation activities in the pre-1990 publications focused almost exclusively on water 
reuse and recirculation. Many publications distinguished between “high efficiency” plants and 
conventional plants. In the 1990s, literature was addressing other forms of water efficiency in 
manufacturing plants such low flow nozzles, clean-up procedures, and improved controls. Also, 
in the 1990s, there were a number of pilot tests evaluating the effectiveness of membrane 
applications to increase the ability to reuse water between processes. Since the 1990s, 
advances in membrane technologies, including reverse osmosis and nanofiltration, have 
allowed these technologies to play a larger role in water use efficiency. 

In the first decade of the twenty-first century, there was a significant change in approach. BMPs 
were incorporated into, and considered part of, a process of self-improvement. Examples 
include Queensland Eco-Efficiency Toolkit (2004) and EBMUD’s Water Smart Guidebook 
(2008), Comprehensive Guide to Sustainable Management of Winery Water (2008).  

BMPs continue to evolve. The Commercial, Industrial, and Institutional Task Force Water Use 
Best Management Practices Report to Legislature (CII Task Force Report, October 2013) has a 
few pages dedicated to the specific best practices for food processing. This section of the CII 
Report has only one reference. However, other sections of the CII Report have extensive 
references.  

Researches such as Gour Choudury, PhD are developing technologies to replace and improve 
existing water using processes. For example, Dr. Choudury and his team has developed, 
piloted, and patented a new lye-peeling system that significantly reduces water use in fruit 
processing. The new system employs a fluid mixture of liquid and gas to remove skin from the 
fruit. However, the high cost of converting a facility over to the new system is a challenge. 
Dr. Choudury continues to test concepts that reduce water use in other phases of fruit 
processing. This includes improved cleaning and sanitation processes that reduce water use 
and reduce salts in the process wastewater streams.  
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This historical perspective of Water Conservation BMPs within the food processing industry is 
summarized in Table 1. 

Table 1 - Historical Overview of Best Management Practices 

Timeframe  Best Management Practice 
1960s - 1980s  BMPs focused on opportunities to reuse water within specific 

processes.(a) 

1990s  BMPs started to include tools and practices like nozzles, clean-up 
procedures, and improved controls. 

 Pilot studies in the 1990s focused on testing membrane technology 
in process water streams to be able to increase water reuse, to 
reduce effluent, and to conserve water.(b)  

2000 - 2010  BMPs are incorporated into, and considered part of, a process of 
self-improvement. 

2014  The CII Task Force Report provides a compendium of BMPs. 

 Gour Choudhury’s recent work that pushes beyond typical tools. 

Notes: 
(a) Recycling typically refers to reusing water within the same process. 
(b) Reusing water typically indicates capturing water from one process for reuse in another process. 

 

2.2 CLFP Member Survey 
CLFP member companies participated in two water use surveys. The fist was distributed in April 
of 2011 and the second in May of 2014. These surveys are discussed below and Appendix D 
contains copies of both.  

2.2.1 2011 CLFP survey 

2.2.1.1 2011 Survey Design and Methodology 
CLFP distributed a Water Use Survey to its member companies in 2011 in response to Senate 
Bill X7-7 (SBX7-7). SBX7-7 was enacted in 2009 and requires a statewide 20% reduction in 
water use by 2020. As part of the legislation, a task force was formed to develop BMPs for the 
CII sector and to determine the potential water savings from those BMPs. Through the 2011 
survey CLFP was hoping to gather information on member companies’ water usage and 
conservation effort. Table 2 shows the rate of response among the member companies.
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Table 2 - Number of Respondents to 2011 and 2014 CLFP Surveys 

 2011  2014  
Tomato Processors 13 11 
Dairy Processors 2 1 
Dehydrators 3 10 
Olive Processors 2 2 
Fruit Processors 4 4 
Vegetable Processors 4 0 
Soup Processors 1 0 
Nut Processors 0 1 
Total Respondents 29 29 

Number of respondents who participated in both surveys = 16 
 

2.2.1.2 2011 Survey Results 
Overall, the 2011 responses from CLFP members mirrored information gleaned from the 
literature – there is a high rate of water reuse among the respondents, water conservation is 
important to most, and the majority of the facilities had implemented low flow nozzles, written 
clean-up procedures, and improved controls since 2006. As in the literature review (Table 1, 
above), the survey responses shows that recycling (i.e., reusing water within the same process) 
and reuse (i.e., capturing water for reuse in another process) have been important factors in 
overall water use efficiency for decades. The CLFP surveys do not distinguish between 
recycling and reuse. Rather, the surveys try to determine if respondents use water more than 
once within their facilities.  

Most of the respondents use water on-site at least twice. Question number 23 on the 2011 
survey asks “what percentage of your total process water did you reuse on-site for processing 
activities.” A summary of the responses to this question is as follows: 

 Fifteen respondents identified the percentage of water reuse at their facility. 

 Eleven respondents indicated that there was some reuse at their plant, but because it 
was unmetered, they could not provide an estimate.  

 Only three of the 29 respondents indicated no reuse within the plant.  

 All the tomato processors responding to the survey indicated some reuse within the 
plant. 

 Many reuse the water for irrigation of crops. 

A key point raised in the 2011 survey is that many of the dairy and tomato processors extract a 
portion of their water supply from the raw product. The general public is likely unaware of this 
opportunity to recover water from processing of tomatoes and milk. With the appropriate 
treatment, this water can be extracted and put to use within the plant. However, the water 
treatment can have high capital and operating costs depending upon the ultimate use. 

Most (90%) respondents indicated their facility had water conservation programs and within the 
previous five years many had taken some steps to improve water use efficiency: 76% had 
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replaced high volume hoses with high pressure; half had improved clean-up procedures, a third 
had installed low-volume cleaning systems, and almost a third converted cleaning and sanitizing 
systems to ozone.  

Just over half of respondents rated water conservation as a high priority and had set water 
efficiency improvement goals ranging from 5% to 20%. However, only a quarter of the facilities 
conducted a comprehensive facility water usage assessment. 

2.2.2 2014 CLFP Survey 
A follow-up survey was developed and distributed to CLFP member companies in 2014. A copy 
of the survey is provided in Appendix D and Table 2 (above) shows the rate of responses. 
Combined, the two surveys provide water use and facility data for the period spanning 2006 to 
2013.  

2.2.2.1 2014 Survey Design and Methodology 
The 2011 Survey was used as a base to develop the 2014 survey questionnaire. Some 
questions were slightly altered, some new questions were added, and other questions remain 
unchanged. Based on the insights gained in the literature survey and from the 2011 CLFP 
survey, it was apparent that the new survey should continue to request information on water 
reuse within the facility, water sourced from raw materials and other water efficiency practices. 
Thus, the 2014 Survey was developed to collect the following information: 

 Facility general information 
 Water use, products processed, discharge for 2009 - 2013 
 Water supply, metering, costs 
 Water use breakdown by area 
 BMPs, recycling 
 Future conservation 
 Plans, factors, needs 

 
The survey included direct questions, data entry tables, check boxes, and relative rankings.  

2.2.2.2 2014 Survey Results 
The 2014 survey responses confirm and augment findings from the literature survey and the 
2011 CLFP survey. Responses indicated a high rate of water reuse and a desire to increase the 
water reuse opportunities within the plant (i.e., using water more than once via recycling, 
recirculation or reuse). Additionally, most had not only identified water conservation as a priority, 
but also identified several “next steps” for increasing water use efficiency.  

As with the 2011 survey, the 2014 survey responses indicated widespread in-plant recycling 
and reuse to minimize fresh water intake. Examples include: 

 Cooling water for sanitation, cleaning spray, flume make-up 
 Flumes to other flumes 
 Cooling tower to flumes, condensers, vacuum pumps 
 Steam condensate to boilers 
 Cooler to cooling tower 
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 Retort to cooling tower 
 Facility to irrigation  

 
In all, 18 respondents identified some form of in-plant recycling, including all eleven tomato 
processors. The lower rate of reuse among the 2014 survey respondents compared to the 2011 
survey (62% of respondents versus 90%) is due to fewer tomato processors, fruit processors, 
and vegetable processors participating in the 2014 survey and the increased participation by 
dehydrators. See Table 2, above, for participants by category.  

The 2014 survey also confirmed that tomato processors are using water extracted from raw 
products. Tomato-sourced water is used by the respondents for the following processes: 

 Process condensate to flume  
 Evaporate condensate to rotary screen cleaning sprays 
 Condensate to boilers 

 
Question 12 of the 2014 survey asked companies to estimate the percentage of process water 
consumed for nine different water using activities. Based on the responses shown in Table 3, 
the percentage used for each activity varies significantly from facility to facility. The variation is 
due: (a) to different rates of reuse/re-circulation among facilities; and (b) differing abilities to 
extract water from the raw product for use. Also, the eleven tomato processors responding to 
the survey produce different finished products – some make pastes while other are canning. It is 
also suspected that, without submeters, many respondents were estimating the percentage 
allocation among processes.  

Table 3 - Percent Water Consumption by Internal Process 

Water Using Process 
Tomato 

Processors Dehydrators 
(% range of process water used)

1. Flume 8-30% 0% 
2. Wash raw product 2-40% 50-94% 
3. Boiler feed water 1-32% 0-5% 
4. Boiler make up water 1-18% 0-3% 
5. Plant Sanitation 3-30% 5-50% 
6. One pass Cooling 0-25% 0% 
7. Recirculation Cooling Make-up 2-22% 0% 
8. Product Cooling and Heating 2-15% 0% 
9. Other Ancillary Utility Use 1-20% 0-1% 
10. Other Uses 1-10% 0% 

 
Question 11 in the 2014 survey asked if facilities had implemented specific water conservation 
improvements in the last ten years. These water conservation BMPs, are in addition to the 
reuse opportunities discussed above. Figure 1 shows the number of facilities that have 
implemented the specified improvements. 
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Figure 1 - Water Conservation Improvements in Place 

 
 
Figure 2 looks at the responses slightly differently and show that the majority of the respondents 
have implemented at least three water conservation improvements. However, eight of the 
respondents have not implemented any of the specified water conservation BMPs. Of these 
eight, most were dehydrators (prunes) and these specified improvements may not apply. As 
shown above in Table 3, half the dehydrators’ water use is attributed to washing raw product 
and the other half to sanitation.  
 
Figure 2 - Number of Conservation Improvements Implemented 

 
 
There are a few contradictions in the facilities’ responses about water conservation targets and 
conservation plans: 

 17 respondents identified a water conservation target. 
 13 facilities had conducted a “water usage assessment”.  
 8 facilities have a water conservation plan in place. 
 Only 4 facilities train their employees in water conservation.  
 Only 3 facilities have some form of employee engagement. 
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A water usage assessment typically informs a facility as to the level of conservation possible 
and where to best focus resources. The water usage assessment collects information that is 
used to develop a conservation target and to develop an action plan. Further, conservation 
plans usually include employees in the process. It appears that several of the facilities would 
benefit by using the plan–do–check–act of self-improvement described in the Queensland 
Eco-Efficiency Toolkit (2004), EBMUD’s Water Smart Guidebook (2008), and Comprehensive 
Guide to Sustainable Management of Winery Water (2008).  

The survey also asked respondents what prevented further conservation efforts. As shown in 
Figure 3, the facilities feel constrained most by product quality and sanitation issues, followed by 
the costs to undertake additional water conservation activities. There is pressure on processors 
to improve food safety and water is critical for plant sanitation. Often, regulations and stringent 
safety standards drive a facility’s decisions for process improvements and equipment upgrades. 
Potable water, cooling water, steam and ice must be safe and it must be available in sufficient 
quantities, at suitable pressures and temperatures, to meet operational requirements. 

Figure 3 - Limiting Factors for Additional Conservation 

 

 

Finally, the respondents listed future water savings measures that they are considering for 
implementation. These are included in Section 4 (Best Management Practices), below. 

 

2.2.3 Facility Interviews 
Following the distribution of the 2014 CLFP survey, on-site interviews were conducted with four 
CLFP members. The purpose of these interviews was to confirm survey results and gather 
additional information on BMPs. Details on site-specific BMPs that were in place or under 
consideration were collected .The site visits included different BMPs as well as discussion 
around what facilities considered when identifying and implementing water efficiency projects. In 
deference to CLFP member’s request for confidentiality, information from these interviews is 
interwoven throughout this report.  
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Section 3: Quantitative Findings 

3.1 Summary 
Based on the most useful and consistent metrics applied to producer category, the average 
CLFP survey respondent’s water usage is substantially below historical values given in 
references. This study also evaluates the trends in absolute and unit water usage by individual 
facilities to demonstrate water conservation progress. The trend of total water usage has been 
down for CLFP survey respondents over the 2006 to 2013 period. The trend has also been 
slightly down for unit water use per ton of product produced over the 2006 to 2013 period.  

3.2 Metric Selection 
Metrics provide a quantity of water use during a period of time as well as a normalizing factor 
that may be an indicator of efficiency or productivity of water. Baseline values are the first year 
metrics, to which all future years are compared.  

The metrics selected for this study are shown in Table 4 along with their description. Water use 
tends to be a function of the individual food processing facility and the tonnage of product 
processed. Therefore intake process water per ton of raw product processed was selected as 
the primary metric for this study. The other metrics selected were useful indicators of measures 
taken to increase overall water use efficiency that were available in the literature and 2011 
CLFP survey. The 2014 CLFP survey was designed to augment information that was collected 
during the literature survey and the 2011 CLFP survey.  

Table 4 - Description of Selected Metrics 

Metric Description Purpose 
Intake process water per 
ton of product  

Volume of fresh water used to 
process each ton of raw product. 

 To show if volume of fresh water used 
to process a unit of product is 
improving.  

Internal recycling/reuse 
percentage 

Percent of fresh water used more 
than once within a facility 

 To determine if the fresh water is used 
efficiently overtime. The higher the 
percentage of recycling, the higher the 
efficiency. 

 This metric should increase as the 
intake process water metric decreases 

Discharge % of intake Percent of freshwater leaving the 
facility as process wastewater 

 This ratio can capture those 
processors that extract process water 
from raw materials.  

External reuse % of 
discharge  

Percent of process wastewater that 
is put to beneficial use for irrigation 

 This is also water being used in lieu of 
freshwater for irrigation.  
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3.3 Baseline Values 
A goal of this project was to develop a baseline year as early as possible. Initially, it was 
anticipated that historical reference metric values from the literature survey would be used as 
baselines for comparisons with the 2014 CLFP survey results. As discussed in Section 2.1, 
60 publications dating back to the 1960s were reviewed and only ten of these (Appendix B) 
contain relevant information. Of these ten documents, five publications were selected to 
evaluate water use efficiency: EPA (1977), DWR (1979), Kollar (1980), EPA (1983), Water 
Encyclopedia (1983) over time.  

Table 5 shows the difficulties in comparing data across publications and year for the historical 
references reviewed and in providing baseline values for water intake per unit of raw product 
processed. This was also addressed in Section 2.1. 

Table 5 - Intake Process Water per Ton of Raw Product (gal per ton) 

Product Category 
EPA(a) 

(1977) 

Kollar 
(1980; 

Produced 
Product) 

EPA WW 
Dev. Doc. 

(1983; Calc.) 
FEIC 

(1993) 

CLFP 
Survey 
(2014) 

Tomato Paste 920 351 

Canned Fruit 3,000 9,400 2,763 4,174 1,538 

Canned Tomato 1,700 9,400 1,036 920 773 

Canned Olives 6,276 
 

4,475 

Dehydrated Onions 3,410 1,000 1,035 

Dehydrated Fruit 829(b) 
 

80 

Frozen Fruit & Vegetables 14,100 1,097(c) 

 
2,490 

Notes: 
(a) EPA values were for wastewater generation. These were converted to equivalent intake 

water values using average ratios of wastewater to intake water from the CLFP 2014 survey. 
(b) Plums 
(c) Peaches 

 
Alternative approaches to establishing baseline values were therefore considered, including 
using values from the 2011 CLFP survey (whether 2006 values or averages of several years). 
Unfortunately, there were a number of facilities that participated in the 2014 survey that were 
not part of the 2011 survey. In some cases, the new participants had unit water use rates that 
were substantially different than the water use rate values of respondents to both surveys. Thus, 
using data from the 2011 survey for establishing baseline values would make comparisons with 
2014 survey data potentially misleading. 

Due to the difficulties in using the historical data, general comparisons of survey metric values 
with historical reference values were determined to provide the most useful conclusions along 
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with evaluating trends within the data from the two CLFP surveys. Averages from the 2014 
CLFP survey can be used to provide baseline values for future comparisons.  

3.4 Metrics - Survey Results 
This section discusses the results of the four selected metrics described in Table 4, above. 

3.4.1 Intake Water per Unit of Raw Product 
Values from historical references are shown in Table 5. For those historical reference 
documents that specified wastewater volume instead of water intake, the wastewater volumes 
were multiplied by the average ratios of intake process water over wastewater volume from the 
2014 CLFP survey for each product category to give equivalent values in intake process water 
per ton of product shown in the table. Overall, the 2014 CLFP survey results compare very 
favorably with the water usage given in the historical references. 

Comparisons of water use trends for product category averages between the 2011 and 2014 
survey results were difficult because some of the new respondents in the 2014 survey had very 
different unit water use rates than the prior respondents, and would skew a straightforward trend 
comparison. Therefore, total water intake and unit water intake over time were normalized for 
each survey respondent (i.e., each year’s value was divided by the average value for all years 
for that facility).  

The average normalized total water intake over time for all facilities is shown in Figure 4. This 
shows that, on average, normalized total water intake over time was in a downtrend over the 
2006 to 2013 period.  

Figure 4 - Normalized Total Water Intake by Facility (Average of All Respondents) 
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The average normalized unit water intake over time for all facilities is shown in Figure 5. The 
trend for unit water intake (i.e. water use per ton of raw product) is slightly downward over the 
period, but less so than the trend for total water intake.   

Figure 5 - Normalized Unit Water Intake Over Time - Average of All Respondents 

 

Another interesting comparison for water usage is to compare intake unit water usage with the 
number of conservation improvements implemented (shown previously in Figure 3). As can be 
seen in Figure 6, although there is a large amount of variability, there is a general downward 
trend in water usage per ton of product processed as the number of conservation measures 
implemented increased for the respondents to the survey.  

Figure 6 - Unit Water Usage Trend vs. Conservation Improvements Implemented 

 
Note: Water use trend is for normalized intake gallons per ton processed per year. 

The water usage trends versus number of conservation improvements implemented is further 
broken down by processor category in Figure 7. As can be seen in the figure, the strongest 
correlation between numbers of improvements and water use improvement trend was for the 
tomato paste processors. 
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Figure 7 - Water Usage Trends vs. Number of Conservation Improvements Implemented 

 

3.4.2 Recycling/Reuse Percentage 
As stated in Section 2.1.2, recycling and reuse have historically been considered to be 
important factors in overall water use efficiency. Percentage of intake water recycled/reused 
was selected as a good indicator of the main indicator of water conservation progress for 
facilities. The values from historical references and the 2014 CLFP survey are shown below in 
Table 6. 

Table 6 - Internal Recycling/Reuse as a Percentage of Fresh Intake Water 

Product Category 

Internal Recycling/Reuse as a % of Fresh Intake Water 

DWR 
(1979) 

Kollar 
(1980) 

Water 
Encyclopedia 

(1983) 
CLFP Survey 

(2014)(a) 
Tomato Paste 10.8% 

Canned Fruit 138% 110% 166% 11.0% 

Canned Tomato Products 26.6% 

Dehydrated Onions 45.0% 

Dehydrated Fruit 0.0% 

Nuts 0.8% 

Frozen Fruit and 
Vegetables  

60% 76% na 

Dairy 95% 64% 50% 11.5% 

Note: 
(a) The survey asks if water is used more than once within a facility and does not distinguish between 

recycling (i.e., reusing water within the same process) and reuse (i.e., capturing water for reuse in another 
process).  
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Recycling/reuse in the CLFP survey results was very low compared to the historical references. 
This was surprising given that unit intake water usage per mass of product produced was 
generally much lower in the CLFP survey than in the historical reference literature. Most of the 
historical reference studies had obtained values for gross water use by all processes in a 
facility, then derived values for recycling based on the difference between gross water use and 
fresh intake water. The CLFP surveys asked directly for the amount of intake water recycled 
within or between processes.  

One possible explanation between the CLFP surveys and the historical references is that the 
CLFP survey respondents may have inadvertently underestimated their recycling/reuse 
amounts. More detailed measurements or estimates of gross water use for each process could 
provide a better basis for calculation of recycling amounts in any future surveys.  

3.4.3 Discharge Percentage and Total External Reuse 
Some facilities recover and use the water within raw products in lieu of fresh water. Discharge 
as a percentage of intake is a metric that gives an indication of how much product water is 
utilized and can be calculated from some of the historical references as well as from the 2014 
CLFP survey data. The values by category are shown in Table 7 below. 

Table 7 - Discharge Percentage of Intake  

Product Category 

Discharge % of Intake(a)

CLFP Survey – 
Irrigation % of 
Discharge(b) 

DWR 
(1979) 

Kollar 
(1980) 

Water 
Encyclopedia 

(1983) 

CLFP 
Survey 
(2014) 

Tomato Paste    126.7% 76.9% 

Canned Fruit 89.7% 91.0% 86.0% 90.0% 95.0% 

Canned Tomato Products 89.7%  86.0% 106.2% 99.3% 

Dehydrated Onions    96.8%  

Dehydrated Fruit    123.3%  

Nuts    92.5%  

Frozen Fruit & Vegetables  98.0% 97.0% 90.5%  

Dairy 112.0% 93.0% 91.0% 66.5%  

Notes: 
(a) Higher percentages indicate higher amount of water being recovered from raw products. 
(b) Percentage of discharged water put to beneficial use outside the facility.  

The discharge as a percentage of intake is notably higher for the tomato processors in the 
CLFP survey compared to the historical references and is also greater than 100%. This 
indicates that tomato processors are likely recovering more of the product water than had 
typically been recovered during the times of the historical reference surveys. 

Total external reuse provides a measure of how much discharged water is put to beneficial use 
outside the facility. Often this is in the form of irrigation reuse. The far right column of Table 7 
(above) shows the irrigation percentage of discharge. Most of the major respondents reuse their 
discharge water for irrigation, offsetting what otherwise would have been localized fresh 
irrigation water demand in the area. 
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3.5 Conclusions 
The survey results indicate a much better average water use efficiency per ton of product 
processed compared to historical literature reference values. The survey results also show 
slightly decreasing trends for unit water use over the 2006 to 2014 period. There was a 
substantial amount of variability between some of the respondents in each category, indicating 
the potential for improved water use efficiency in some facilities. 

Reported water recycling and reuse as a percentage of intake was low for the 2014 survey 
respondents compared to the historical reference values, but some of that discrepancy may be 
due to survey and reporting methodology. The discharge as a percentage of unit intake water 
was generally similar for the 2014 survey respondents and historical reference values. The 
exception was for tomato processors, who seem to be recovering more water contained in the 
raw product than the industry has historically. Much of the discharge water is further reused for 
irrigation. 
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Section 4: Best Management Practices 

A historical overview of best management practices in the food processing industry is provided 
in Section 2 (above) and summarized in Table1. This historical perspective shows that food 
processing facilities have reused and recirculated water within their processes since the 1950s. 
Alternative BMPs, beyond recycling and reuse, have evolved over the past 25 years to include 
tools (i.e., low flow nozzles) and improved procedures. And, within the last ten years, 
guidebooks have emerged that encourage facilities to incorporated BMPs into a process of 
plan–do–check–act. Implied in this process is that every facility or process is unique and that 
appropriate BMPs will be site specific.  

4.1 Recycle/Reuse 
The practice of reuse and recycling continues to the present day with food processors looking 
for cost effective measures to expand in-plant water reuse. An increased piloting of membrane 
technology began in the 1990s (Table 1). These pilot studies looked to increase water reuse 
between processes to reduce process water discharges and to conserve water. Since the 
1990s, advances in membrane technologies, including reverse osmosis and nanofiltration, have 
allowed these technologies to play a larger role in water use efficiency at better pricing. 

Several respondents to the 2014 CLFP identified plans for future reuse/recycling projects. In 
addition, four on-site interviews were conducted to identify BMPs that were in place or under 
consideration. Recycling/reuse BMPs identified by facilities include:  

 Improved recycling/re-circulation to reduce fresh water uses. 

 Reuse cooling tower overflow for grounds sanitation. 

 Reuse cooling water. 

 Reuse process condensate in place of fresh water in areas of production. 

 Re-circulate seal water. 

 Eliminate one pass cooling. 

 Reuse process water for irrigation. 

 Because cooling towers are grouped, could recirculate water from the last (third cell) 
back to the first cooling tower resulting in several hundred thousand gallons per day of 
water savings.  

 Lye concentrators recover and reuse caustic. Less lye in process water so savings in 
chemicals. 

 Directed cooling tower return water to flumes. 
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 Fruit washing – first with ‘recycled’ water and then with freshwater. Capture the last rinse 
water for to become the first (‘recycled’) rinse water. 

 Defrost water reused for irrigation. 

 Also reusing defrost water for nightly cleaning and sanitation of the belts. 

 Increased ability to source water from raw materials (i.e., incoming tomato or milk) by 
adding treatment.  

 Reject water from RO units is collected and reused. 

 Looking at ways to prevent water from touching the ground so they can increase recycle 
or reuse opportunities. 

4.2 Alternative BMPs 
The CLFP surveys queried member companies if specific BMPs, beyond recycling/reuse, that 
are currently in place. Respondents also wrote-in future conservation improvements that are in 
the planning stages. During the facility interviews additional proposed or planned BMPs were 
identified: BMPs identified by facilities include:  

 Employee engagement 

 Employee training 

 Water conservation plan 

 Low volume high pressure cleaning systems 

 High pressure hoses 

 Nozzles – over time have gone from unrestricted hoses, to restricted flow hoses, to 
hoses with shut-offs 

 Nozzles on every hose 

 Reduction in high flow hoses 

 Improved clean-up procedures 

 Improve cleaning, sanitation, and conveying procedures 

 Spill control in flumes 

 Processing techniques to reduce water and dilute chemicals 

 Lower the pressure of high pressure pumps 

 Ozone system or improve ozone system 
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 Use of ozone on belt sprays to reduce potable water sprays and cleaning chemical use.  

 Eliminate ozone water overspray by retrofitting belts with a roller system. 

 Water saving sprays 

 Reduce product spillage to reduce sanitation water 

 Rent meters and monitor points of interest  

 Install submeters 

 Leak control 

 Install meter/ball valve to regulate blowdown at cookers  

 Peeling – selectively using both steam and caustic (potassium hydroxide). Mostly caustic 
since steam is pricey and caustic does a good job. Steam used for “organics.” 

 Peeling – High pressure air following sodium hydroxide (2.5%) application for peeling. 
Potential to minimize or eliminate recycle rinse and freshwater rinse. Trial. 

 Eliminate troughs that take defective fruit out of the system. By expanding the conveyer 
and widening the pulley, conserve water. 

 Appoint/hire “water manager” who looks for trends and blips and ways to improve 
efficiency. 

 Challenge chemical supplier on reducing water/chemicals needed for cleaning and 
sanitation. Rely less on third party chemical supplier and rely on internal process and 
“validation study.” 

 Evaluate: CIP processes chemicals, timing, water use; the need to rinse to neutral; and 
added staff, including a sanitizer coordinator, in each production area.  

 Reduce chemical use via substitution and increased efficiency. 

 Employees – success breeds success. As employees see that conservation is possible, 
they are now behind it.  

4.3 Compendium, Guidebooks, and Plan–Do–Check–Act 
Appendix E provides a compendium of BMPs collected during the literature survey. This 
includes those in the CII Task Force Report as well as publications from the United Kingdom, 
New Zealand, Australia, and throughout the United States. The CII Task Force Report 
recognizes that “…every facility is unique and what may work at one vegetable processing plant 
may not be applicable at another.” Thus, it is up to the CII entity to determine which alternative 
BMPs are the most appropriate for their situation.  
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Thus, Appendix E presents possible BMP options. However, the identification, screening, and 
implementations of BMPs at a particular facility should be part of a larger, integrated process. 
The BMPs in Appendix E are sorted into the following categories: 

 Food and Beverage specific 
 Cleaning Activities 
 Pipes and Equipment 
 Thermodynamic Processes 
 Reuse Opportunities 
 Water Treatment Systems 
 Alternate Water Sources. 

 
Although few BMPs specific to food processors were identified in the literature, there are several 
operations that are common across industrial entities. This includes boilers, cooling towers, and 
source water treatment. Note that, the literature contains a great deal of information on water 
efficiency measures for restrooms, kitchens, landscaping, and other ancillary facilities. However, 
Appendix E and this document focus on water uses directly involved in food processing.  
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Section 5: Recommendations and Next Steps 

One of the objectives of this study is to assess whether past changes in water policies or laws 
have had an impact on total industry water use. It appears that there has been an effort among 
food processors for over a half a century to be water efficient without the influence of water 
conservation policy or legislation. As examples: 

 It is assumed that plants implemented water reuse strategies, not in response to public 
policy, but to be cost effective and to potentially reduce stress on local public works.  

 Many of the facilities responding to the CLFP survey and who participated in facility 
interviews mentioned corporate initiatives for water conservation. These internal 
programs have had varying levels of success but were implemented without the 
influence of public policy. 

 The legislation that has had the largest impact on water use in the food industry is the 
Clean Water Act and those associated with food safety. Many facilities have site-specific 
discharge limits that require greater water efficiency or reducing the volume of water 
used at the facility. For those who discharge to publically owned treatment works 
(POTWs), there are benefits to reducing wastewater volumes including reducing costs 
and time associated with wastewater treatment and handling 

Another objective of this study is to assess whether water usage by the food processing industry 
has become more efficient over time and what has led to the increase in efficiency. As 
described throughout this report, consistent water usage data was not available. But, based on 
the information in Section 3, it appears that the industry has become more efficient. To ensure 
consistent data are available in the future, the following are recommended: 

 Document in-plant recycling, recirculation and reuse – Ensure the general public is 
aware that water recycling and reuse have been common practice within the industry for 
over half a century. 

 Document water sourced from raw materials – Remind the public and legislature that 
food processors extract plant processing water from raw materials and reuse as a 
means to address both water supply and process wastewater generation.  

 Expand industry adoption of sub-metering – Although most facilities have a generally 
good idea of which activities required the most water, there is some uncertainty. And, the 
survey results discussed in Section 3 indicate a need to better understand the volume of 
water currently being reused with some facilities. Sub metering is a relatively 
inexpensive way to gather more precise information to ensure that facilities focus limited 
resources wisely. For example, sub metering will help confirm if new water conservation 
improvements were successful. Additionally, sub metering data will help quantify the 
volume of water recycled or reused within the plant, and within the industry. The State, 
through the water and energy utilities, could do more to provide financial incentives to 
help firms change equipment or provide training similar to what is done with energy 
conservation and efficiency programs. 
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 Regular reporting to CLFP – Continue to solicit water use data every 3 to 5 years from 
CLFP member companies. Continue to review and develop metrics (gallons/year; 
gallons/ton of product, gallon/tax dollar generated; gallon/product moved; etc.). 

Identifying possible BMPs for food processors was also an objective of this study (see Section 
4). However, it appeared that some facilities are implementing water conservation programs 
without having performed an audit, without involving employees, and without follow up to 
determine the success of the BMPs. Further, every facility is unique and BMPs should be site 
specific. Thus, it is recommended that facilities undertake a process of plan–do–check–act to 
identify, implement, and monitor appropriate BMPs. Suggested avenues for CLFP to continue to 
assist with an industry wide program include: 

 Facility Audits – Assist selected facilities in self-auditing. During this process, CLFP can 
continue to collect data that will bolster and confirm the data in this study. In addition, 
these representative facilities can become case studies on how to self-audit, identify 
water efficiency measures, develop benchmarks, and apply metrics.  

 Hotspot Identification – Determine those processes that account for largest percentage 
of water consumption (becomes focus area) and what measures are being used to 
address. 

 Self-Audit Framework – Based on pilot site water audits, develop a procedure for 
facilities to self-audit. This framework will focus on those processes that represent the 
majority of water consumption. Facilities can then identify BMPs that address the large 
water using activities.  

 Guidebook – Develop a practical manual and tool for CLFP members to benchmark 
water use at their faculties, document their efficiencies, set water conservation targets, 
and develop action plans to further goals. By doing so, facilities will be participating in a 
process of plan–do–check–act. 

 Employee engagement – employees can make a significant difference in water 
conservation. 

 Expand Industry Adoption of sub-metering – as discussed above. 

Section 4 and Appendix E includes possible of BMPs collected during the literature and CLFP 
member company surveys. But, most are not specific to the food processing industry. Thus, 
another recommendation includes:  

 Develop Best Practices and Innovative Technologies – Using the practical knowledge 
gained from work at the pilot sites and hotspot identification; develop practices and 
technologies that address hotspots specific to food processors. These practices and 
technologies may not currently be in use and will need to be formulated.  

 Alternative Water Supplies – Appendix E identifies potential opportunities to substitute 
alternative water supplies such as recycled water, rainwater, stormwater, air conditioner 
condensate, filter and membrane reject water, foundation drain water, etc. These should 
be further explored to determine their applicability for various uses at food processing 
facilities.  
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 Non Process Water BMPs – Develop reference list or material for non-process water 
(restrooms, kitchens, landscaping, HVAC, visitor centers, administration, etc.) including 
volumes, metrics, and best practices. 

Final recommendations that will be necessary as facilities become more water efficient include: 

 Process Wastewater Quality – As water use efficiency increases, the concentration of 
constituents in process wastewater will also increase. Thus, analyzing the unintended 
consequences of water conservation may include evaluating the use of loading rates for 
land application treatment (lbs/acre) versus concentrations (mg/l) in regulating process 
wastewater treatment and land application practices and protection of groundwater and 
surface water supplies. 

 Synergies – Analyze and support associated savings associated with increased water 
efficiencies. This may include energy, cost savings, wastewater treatment and disposal, 
chemical use, etc. 
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Appendix B: Most Useful References for Metric Data 

Reference (in order of relevance) PROs CONs 
1. Kollar, K.L. and MacAuley, P., Water 

Requirements for Industrial Development, J. 
Am. Water Works Assoc., vol. 72, no. 1. 
Copyright AWWA, Reprinted with 
permission. 1980. (Kollar, 1980) 

 Gives metrics: water use by various units of production for: 
Meatpacking, Poultry dressing, Dairy, Canned fruits and 
vegetables, frozen fruit and vegetables, Malt beverage. 

 Breaks out water use into percentage noncontact cooling, 
process related, and sanitary.  

 Breaks water use down into gross water use, intake by unit 
of production, consumption, and discharge. 

 Comparison of high recycling plants to 1973 industry 
average by gallon of water per unit of production. 

 Not California specific. 

2. The Water Encyclopedia, Second Edition. 
van der Leeden, Frits. Troise, Fred L. Todd, 
David Keith. Lewis Publishers. 1983 (Water 
Encyclopedia 1983) 

 Gives metrics: water use versus industrial units of 
production for the following: Meatpacking, Poultry dressing, 
Dairy products, Canned fruits & vegetables, Frozen fruits & 
vegetables, Wet corn milling, Cane sugar, Beet sugar, Malt 
beverage (from Kollar, 1980). 

 Comparison of average plants to high recycling plants using 
1973 industry average using gallon per unit of production. 

 Total United States industrial water broken down by: 
Percent noncontact cooling; Percent process and related; 
Percent sanitary and misc. 

 Not California specific. 

3. US EPA, Technology Transfer Seminar 
Publication Pollution Abatement in the Fruit 
and Vegetable Industry. Volume 2: In Plant 
Control of Process Wastewater. July 1977. 
(EPA 1977) 

 Metrics: water use (gallon per ton) for various processes. 
 Provides average gallons of wastewater per ton of product 

for different commodities  
 Gives water use and process wastewater flows for several 

different food processing categories. 
 Discusses water conservation and identifies where water 

can be recovered and reused. 

 Not California specific. 
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Reference (in order of relevance) PROs CONs 
4. US EPA, Office of Water and Hazardous 

Materials. Development Document for 
Interim Final and Proposed Effluent 
Limitations Guidelines and New Source 
Performance Standards for the Fruits, 
Vegetable and Specialties Segment of the 
Canned and Preserved Fruits and 
Vegetables Point Source Categories. 
October 1975 (EPA 1975) 

 Metrics: raw waste flows (gallon per ton) in 1977 and 1983 
for several dozen commodities. 

 Discusses BACT for effluent reduction 
 Over 500 sources of info relating to raw waste load 

characteristics of fruit and vegetable processing were 
obtained. 50,000 data points. Used computer modeling to 
aggregate, correlate, and predict gallons per ton. 

 Discusses challenges associated with estimation of 
baseline values. 

 Not California specific. 
 Mostly process wastewater 

data. 
 Another EPA Development 

Document provided water 
use (gallons per tons) in 
granularity as well as 
process flow diagrams for 
the Apple, Citrus, and 
Potato processors. 

5. a. CA DWR. Bulletin No. 124-3 “Water use 
by Manufacturing Industries in California 
1979.” 1982. (DWR 1982) 

5. b. CA DWR, Bulletin No. 124-2 Water Use by 
Manufacturing Industries in California 1970). 
March 1977. (DWR 1977) 

5. c. CA DWR, Bulletin No. 124. Water Use by 
Manufacturing Industries in California 1957-
1959). April 1964. (EPA 1964) 

 California specific. 
 Tables 4 and 5. 
 Based on hundreds of survey responses 
 Total water intake for cooling, processing, boiler feed, and 

sanitation; 
 Total annual water use, water recirculated; water required 

without recirculation; water treated prior to use; water treat. 

 Calculates cubic feet-of-
water/SF and cubic feet-of-
water/average-employee-
day. These are then 
broken into the use 
categories (cooling, 
processing, boiler, etc.) 

6. Mannapperuma, Jatal D., Yates, E. D., and 
Singh, R. Paul. “Survey of Water Use in the 
California Food Processing Industry.” Food 
Industry Environmental Conference. 1996. 
(FEIC 1993) 

 California specific. 
 71 respondents to the survey. 
 Consumption rates were significantly lower than rates 

reported in earlier surveys. 
 Some metrics as follows: 

o Tomatoes ranged from 144 to 1870 gal per ton of 
tomatoes.  

o Wine ranged from 625 to 2800 gal per ton of grapes 
o Peach 1800 to 3900 gal per ton  
o Olives 3000 to 10,400 gallons per ton  
o apple sauce, apricots, artichokes, asparagus, Brussels 

sprout, cheese, cherry, frozen fruit, garlic, meat, 
mushrooms, onions, pears, pumpkins, raisins, seafood, 
specialty, vegetable oils, yams, zucchini. 

 Uses raw material (i.e., 
grapes vs. wine) to 
normalize the data.  

7. Kreith, Marcia. Water Inputs in California 
Food Production, Sacramento, Calif.: Water 
Education Foundation. September 27, 1991. 
(WEF 1991) 

 

 California specific. 
 Gallon per pound of purchased food. 

 The normalization to pound 
of retail food in the 
summary charts may be an 
issue. 
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Reference (in order of relevance) PROs CONs 
8. Katie Bromley-Challenor, Mark Kowalski, 

Richard Barnard, Stephen Lynn. Technical 
report. “Water use in the UK food and drink 
industry. A review of water use in the food 
and drink industry in 2007 and 2010, by sub-
sector and UK nations.” For WRAP. July 
2013 (WRAP 2013) 

 Total water use by sub categories (2007 and 2010) as well 
as number of employees and meals. 

 Not related to California 
products. 
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1. Kollar, K.L. and MacAuley, P., Water Requirements for Industrial Development, J. Am. 
Water Works Assoc., vol. 72, no. 1. Copyright AWWA, Reprinted with permission. 1980. 
(Kollar, 1980) 











2. The Water Encyclopedia, Second Edition. van der Leeden, Frits. Troise, Fred L. Todd, 
David Keith. Lewis Publishers. 1983  (Water Encyclopedia 1983). 

 

















3. US EPA, Technology Transfer Seminar Publication Pollution Abatement in the Fruit and 
Vegetable Industry. Volume 2: In Plant Control of Process Wastewater. July 1977. (EPA 
1977) 

 







4. US EPA, Office of Water and Hazardous Materials. Development Document for Interim 
Final and Proposed Effluent Limitations Guidelines and New Source Performance 
Standards for the Fruits, Vegetable and Specialties Segment of the Canned and 
Preserved Fruits and Vegetables Point Source Categories. October 1975 (EPA 1975) 

 







5. a. CA DWR. Bulletin No. 124-3 “Water use by Manufacturing Industries in California 
1979.” 1982. (DWR 1982) 















5. b. CA DWR, Bulletin No. 124-2 Water Use by Manufacturing Industries in California 
1970). March 1977. (DWR 1977) 
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