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PREFACE

The California Energy Commission’s Public Interest Energy Research (PIER) Program supports
public interest energy research and development that will help improve the quality of life in
California by bringing environmentally safe, affordable, and reliable energy services and
products to the marketplace.

The PIER Program conducts public interest research, development, and demonstration (RD&D)
projects to benefit California.

The PIER Program strives to conduct the most promising public interest energy research by
partnering with RD&D entities, including individuals, businesses, utilities, and public or
private research institutions.

* PIER funding efforts are focused on the following RD&D program areas:
* Buildings End - Use Energy Efficiency

* Energy Innovations Small Grants

* Energy - Related Environmental Research

* Energy Systems Integration

* Environmentally Preferred Advanced Generation

* Industrial/Agricultural/Water End - Use Energy Efficiency

* Renewable Energy Technologies

* Transportation

Development of a computer-based Benchmarking and Analytical Tool: Benchmarking and
Energy & Water Savings Tool in Dairy Plants (BEST-Dairy) is the formal final report for the
Industrial/ Agricultural/Water End - Use Energy Efficiency project conducted by Lawrence
Berkeley National Laboratory (contract number 500-06-058). The information from this project
contributes to PIER’s Industrial/ Agricultural/ Water End - Use Energy Efficiency Program.

For more information about the PIER Program, please visit the Energy Commission’ s website
at www.energy.ca.gov/research/ or contact the Energy Commission at 916 - 654 - 4878.
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ABSTRACT

The overall goal of the project is to develop a computer-based benchmarking and energy and
water savings tool (BEST-Dairy) for use in the California dairy industry - including four dairy
processes - cheese, fluid milk, butter, and milk powder.

BEST-Dairy tool developed in this project provides three options for the user to benchmark each
of the dairy product included in the tool, with each option differentiated based on specific detail
level of process or plant, i.e., 1) plant level; 2) process-group level, and 3) process-step level. For
each detail level, the tool accounts for differences in production and other variables affecting
energy use in dairy processes. The dairy products include cheese, fluid milk, butter, milk
powder, etc. The BEST-Dairy tool can be applied to a wide range of dairy facilities to provide
energy and water savings estimates, which are based upon the comparisons with the best
available reference cases that were established through reviewing information from
international and national samples. We have performed and completed alpha- and beta-testing
(field testing) of the BEST-Dairy tool, through which feedback from voluntary users in the U.S.
dairy industry was gathered to validate and improve the tool’s functionality. BEST-Dairy v1.2
was formally published in May 2011, and has been made available for free downloads from the
internet (i.e., http:/ /best-dairy.Ibl.gov). A user’s manual has been developed and published as
the companion documentation for use with the BEST-Dairy tool. In addition, we also carried
out technology transfer activities by engaging the dairy industry in the process of tool
development and testing, including field testing, technical presentations, and technical
assistance throughout the project. To date, users from more than ten countries in addition to
those in the U.S. have downloaded the BEST-Dairy from the LBNL website.

It is expected that the use of BEST-Dairy tool will advance understanding of energy and water
usage in individual dairy plants, augment benchmarking activities in the market places, and
facilitate implementation of efficiency measures and strategies to save energy and water usage
in the dairy industry. Industrial adoption of this emerging tool and technology in the market is
expected to benefit dairy plants, which are important customers of California utilities. Further
demonstration of this benchmarking tool is recommended, for facilitating its commercialization
and expansion in functions of the tool. Wider use of this BEST-Dairy tool and its continuous
expansion (in functionality) will help to reduce the actual consumption of energy and water in
the dairy industry sector. The outcomes comply very well with the goals set by the AB 1250 for
PIER program.
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This document may be revised as the Energy Commission deems necessary. Please check for the
latest version at:

www.energy.ca.gov/contracts/ pier/contractors/

Keywords: California, dairy process, dairy product, cheese, fluid milk, milk powder, butter,
concentrated milk, benchmarking, energy efficiency, energy use, water use, energy intensity
index, water intensity index, best available reference, international benchmarking, greenhouse
gas (GHG) emission.
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GLOSSARY

Specific terms and acronyms used throughout this work statement are defined as follows:

Term Definition

BEST Benchmarking and Energy& Water Savings Tool
BEST-Dairy Benchmarking and Energy & Water Savings Tool for Dairy
CO» Carbon Dioxide

DOE Department of Energy

SEC or EUI Specific Energy Consumption, or Energy Use Intensity (EUI)
GHG Greenhouse Gas

GWh Gigawatt Hours

LBNL Lawrence Berkeley National Laboratory

PAC Project Advisory Committee

PIER Public Interest Energy Research

TBtu Terra British Thermal Units (Btu)

MMBtu Million Btu

M]J Mega Joules

GJ Giga Joules

ERM Energy-use per Raw Milk

Ell Energy Intensity Index or Indicator (EII)

WII Water Intensity Index or Indicator (WII)

X




EXECUTIVE SUMMARY

The overall goal of the project is to develop a computer-based benchmarking and energy and
water savings tool (BEST-Dairy) for use in the California dairy industry. The new BEST-Dairy
tool is expected to allow a facility to be compared to best available reference dairy plant or
process that will be identified and analyzed in this project. The use of the BEST-Dairy tool will
also enable the provision of information on quantified savings potential and energy efficiency
options when available for the facility. For this project, the BEST-Dairy tool was developed to
cover four dairy processes - cheese, fluid milk, butter, and milk powder, although we have
performed additional analysis and assessment for additional dairy products. BEST-Dairy allows
users to identify or evaluate efficiency improvement opportunities for individual process or
process-group measures that will save money, energy or water, or some combinations of these
savings; and allows the dairy to develop an implementation priorities plan for potential
efficiency improvements.

In this project, we first performed extensive literature reviews and data compilation, and
conducted process analysis and modeling for various dairy products that included cheese, fluid
milk, milk powder, butter and concentrated milk. Then we assessed energy and water efficiency
opportunities in dairies, and developed an integrated benchmarking tool. We have performed
and completed alpha- and beta-testing (i.e., field testing) of the BEST-Dairy tool, through which
feedback from voluntary users from dairy industry was gathered to validate and improve tool
functionality. BEST-Dairy v1.2 was formally published in May 2011, and has been made
available for free downloads from the internet (http:/ /best-dairy.lbl.gov).

The BEST-Dairy tool is an easy-to-use, computer-based tool (with a companion handbook) that
can be used by facility engineers, energy managers, project developers, research institutions,
industrial associations, and government agencies to benchmark and evaluate the energy and
water efficiency and GHG mitigation potential of individual dairy facilities or processes. The
tool can be used to assist decision makers in planning facility improvement projects related to
achieving energy efficiency and GHG mitigation goals or targets in California and other part of
the world. BEST-Dairy tool developed in this project is designed to provide three options for the
user to benchmark various dairy products in terms of detail level of process or plant: 1) based
on plant level; 2) based on process group level, and 3) based on a process step approach, all
accounting for differences in production and other variables affecting energy use. It can be
applied to a wide range of dairy facilities to provide savings estimates compared to best
available reference case established by reviewing information from international and national
samples.

A user’s manual has been developed and published with documentation for use as the
companion with the BEST-Dairy tool. In addition, we also carried out technology transfer
activities by engaging the dairy industry in the process of tool development, including field
testing, technical presentations, and technical assistance throughout the project.

It is expected that the use of BEST-Dairy tool will advance understanding of energy and water
usage in individual dairy plants, augment benchmarking activities in the market places, and
facilitate implementation of efficiency measures and strategies to save energy and water usage
in the dairy industry. Industrial adoption of this emerging tool and technology in the market is
expected to benefit dairy plants, which are important customers of California utilities. Wider
use of this BEST-Dairy tool will help to reduce the actual consumption of energy and water in
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the dairy industry sector. The outcomes comply very well with the goals set by the AB 1250 for
PIER program.

Despite of the benefits from benchmarking and the tool made available to the industry, how to
promulgate its wider adoption in the market remains a challenge against maximizing the values
from benchmarking. It is therefore recommended that demonstration and deployment
activities to be carried out in the future to facilitate commercialization of this benchmarking
tool. Wider use of BEST-Dairy and its continuous expansion (in functionality) will allow users
to identify or evaluate efficiency improvement opportunities for individual process or process-
group measures leading to saving money, energy or water, or some combinations of these
savings; and allowing the dairy to develop an implementation priorities plan for potential
efficiency improvement.



1 CHAPTER 1: Project Introduction
1.1 Background

California’s dairy processing industry is primarily comprised of four segments: fluid milk,
butter, cheese, and milk powder products. According to the California Department of Food and
Agriculture (CDFA 2006; 2009) and the California Milk
Advisory Board (CMAD 2008), California has been the
nation's largest milk producer since 1993, followed by
Wisconsin, New York, Pennsylvania, and Idaho. With the
increasing economic and environmental pressures and
consequences of increased energy and water usage in
California, making energy and water efficiency improvement
will be an essential part of the business for dairy processing
sectors.

There is considerable potential for energy efficiency
improvement and reduction of greenhouse gas (GHG)
emissions in the California dairy industry through
implementing cross-cutting energy efficiency measures and
process-specific measures. Benchmarking energy and water usages in dairy plants is an
effective way to understand savings potential and to identify areas of efficiency improvement.
However, not all dairies have the staff or the opportunity to perform the detailed facility audits
necessary to identify potential for reducing energy use and GHG emissions. The lack of
knowledge of such potential is an important barrier to improving facility efficiency in energy
and water usage. For other industry sectors, benchmarking programs in the United States and
abroad have been shown to improve knowledge of the energy performance of industrial
facilities and buildings.

Benchmarking compares the performance of a facility to its industry peers or to industry best
practice that can be identified and can measure how well a facility is performing with regard to
its energy use, efficiency, and GHG emissions. In a well-designed benchmarking program,
differences between facilities within an industry are addressed by normalizing for activities or
factors that influence energy use. Such factors might include local climate and weather, plant
capacity utilization, product mix, and materials use. Normalizing the quantities of energy usage
and emissions by a specific factor or factors may allow control of these factors and a better
understanding of the reasons for observed differences in energy efficiency. In addition,
benchmarking can also spurs energy management practices, stimulating both energy-efficiency
investments and the adoption of innovative energy management approaches that have led to
reductions in industrial energy use and GHG emissions. Prior to this project, benchmarking
tools have not been developed for the California dairy processing industry, and this project
aims to fill the technology gap as well as knowledge gap.

1.2 Project Goal

The overall goal of the project is to develop a computer-based benchmarking and energy and
water savings tool (BEST-Dairy) for use in the California dairy industry. The new BEST-Dairy
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tool is expected to allow a facility to be compared to best available reference dairy plant or
process that will be identified and analyzed in this project. The use of the BEST-Dairy tool will
also enable the provision of information on quantified savings potential and energy efficiency
options when available for the facility.

1.3 Project Scope

A computer-based BEST-Dairy tool will be developed,

which will include benchmarking energy and water

usage, identification and quantification of energy and

water efficiency improvement potential in four dairy
processes - cheese, fluid milk, butter, and milk powder.
Specifically, the BEST-Dairy can be used to benchmark a
facility’s current energy and water use and compared with
current global and national best practice for dairy

facilities. The use of the tool can provide a baseline for the |
facility’s existing operations against best-achievable
performance for the following four dairy products:
cheese, fluid milk, butter, and milk powder. BEST-Dairy _
allows users to identify or evaluate efficiency improvement opportunities for individual process
or process-group measures that will save money, energy or water, or some combination of these
savings and allows the dairy to develop an implementation priorities plan for potential
efficiency improvements.

During the course of this BEST-Dairy project, we have come across relevant information on
additional dairy products along with the four pre-determined products. For the added benefit
of this project, we have, therefore, included additional dairy products in the analysis and tool
development.

1.4 Method and Tasks

In this project, we conducted extensive literature research for each of the dairy product on the
regional (e.g., California), national, and/or global levels, so that the BEST-Dairy tool may
benefit from database that were made available publicly.

Key energy and water performance metrics were developed throughout the project that can be
used to benchmark and compare energy/water performance in the dairy plants and processes.
A Computer-based benchmarking tool using MS Excel and VBA was then developed to
integrate information and modeling developed for the project. The BEST-Dairy tool first went
through Alfa-test in LBNL (BEST-Dairy V1.1). Extensive cross-checking were performed before
the refined version was delivered to industrial volunteers for Beta-tests. Feedback was gathered
from the beta-testers within the U.S. to improve the tool. The final version of the BEST-Dairy
(V1.2) was released in May 2011, which is available for free download from the internet.

For each of the four dairy products, we developed process-based benchmarking methodologies
that account for the characteristics of each process step to calculate an overall performance
indicator —the energy intensity index (EII) or the water intensity index (WII). The EIl and WII
allow comparisons of energy and water usage for process/plant over time, and comparisons
between dairies and specific facilities. The process-based benchmark provides information on
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the relative performance of each process and the information needed to target key processes for
energy and water management activities. We also performed analysis and modeling of
processes for various dairy products, and assessments and discussion of relevant energy-
efficiency and water-efficiency technologies applicable to dairy processing industry. By
integrating the analysis and modeling of processes and efficiency measures with the
benchmarking tool, the BEST-Dairy was developed, enabling estimation of the potential amount
of energy or water that can be saved in the process or plant. It will thereby show the extent to
which the overall efficiency can be improved in the dairy process.

The tool will be developed in an MS-Excel spreadsheet environment to allow easy use by as
many dairies as possible.

1.5 Outcomes and Report Structure

In this project, we first performed extensive literature reviews and data compilation, and
conducted process analysis and modeling for various dairy products that included cheese, fluid
milk, milk powder, butter and concentrated milk. Then we assessed energy and water efficiency
opportunities in dairies, and developed an integrated benchmarking tool. We have performed
and completed alpha- and beta-testing (field testing) of the BEST-Dairy tool, through which
feedback from users from dairy industry was gathered to improve tool functionality. BEST-
Dairy v1.2 was published in May 2011, and has been made available for free download from the
internet (http:/ /best-dairy.lbl.gov). A user’s manual was developed for use with the BEST-
Dairy tool. In addition, we also carried out technology transfer activities by engaging the dairy
industry in the process of tool development, including field testing, technical presentations, and
technical assistance throughout the project.

Following the first chapter on introduction, this final report includes three separate, sequential
chapters - each including detailed analyses and modeling of one or more dairy processing;:
chapter two focuses on cheese benchmarking, chapter three on fluid-milk benchmarking, and
chapter four on butter, milk powder, and others. Each of the three chapters addresses own
objectives, methods used, and outcomes relevant to the BEST-Dairy tool.

Finally, Chapter five describes the development of BEST-Dairy tool in this project, including
programming structure of the tool, and introduction of the User’s Manual as the companion
documentation to the tool. It also enlists technology transfer activities in this project. Finally,
this chapter highlights the key outcomes of the project.



2 CHAPTER 2: Benchmarking Cheese Processes

2.1 Introduction

According to Food and Agriculture Organization (FAO 2009), the
world production of raw milk and cheese reached 645 million
metric tons (MMT) and 18.7 MMT, respectively, in 2005; with an
average annual growth rate of respectively 1.8% and 2.5% over the
last decade. In the European Union more than 95% of the total raw
milk was processed to produce dairy products such as cheese,
whey, liquid or powder milk, butter and cream (EC 2006). It was
estimated that the annual emissions of carbon dioxide (COy), a
major greenhouse gas from dairy processing plants are between 50
and 100 grams CO; per kg milk based upon a study on European
Union’s dairy processing (Sevenster 2008). This would easily
translate into total annual CO, emissions in the tens of millions of
metric tons from dairy processing plants in the whole world.

The global cheese-making industry processes approximately one quarter of the total raw milk
production in the world to create a variety of consumer cheeses, and cheese processing can be
very energy-intensive. Furthermore, the cheese industry is growing rapidly all over the world
as is shown in the compiled information in Table 1. In many parts of the world, energy
consumption in industrial sectors is intensive and remains as a major concern to power
availability and reliability as well as to environmental impact induced by the increasing energy
use. Within dairy processing industry, there are various processes associated with different
products (e.g., liquid milk, butter, cream, and powder milk) that require energy for operating
plant facility systems and processing equipment. Within California’s dairy processing industry,
for example, cheese-making is the most significant sector in that it uses a majority of raw milk
and significant energy compared to its dairy product counterparts within the state. The
significant energy use in cheese plants and a lack of programs or activities in improving
efficiency could offer opportunities for energy savings through implementing cross-cutting and
process-specific measures. With societal modernization and economic development that is
particularly experienced in highly populated emerging markets and developing world, the
demand for consumption of dairy products such as cheese and specialty dairy products is
increasing rapidly. For example, consumption of dairy products in China has almost doubled
between 2000 and 2003 (FAO 2007). Across the world, coupled with the production increase is
the increasing energy demand for the dairy processing; yet there is limited availability of tools
and programs to address the energy concerns associated with dairy processing.

Currently, information on energy efficiency for the cheese-making sector is limited and at best
fragmented. In addition, there is essentially no published research on developing strategies or
tools to improve the energy efficiency in the cheese-making sector. Adding to the problem, not
all dairies have the staff, resources, guides, or tools to perform the detailed assessment that is
necessary to identify opportunities for reducing energy use and greenhouse gas emissions. The
lack of knowledge and understanding of such opportunities or information available is an
important barrier to improving energy efficiency in cheese-making plants. Therefore, it is
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necessary and important to develop relevant information and to fill the existing knowledge gap
to improve the understanding of the state-of-the-art energy performance in the cheese-making
sector. The outcomes could become the basis for developing benchmarking tools and strategies
aiming at improving the efficiency while reducing operation costs in this important industrial
sector.

2.2 Chapter Objectives

This chapter aims to develop integrated energy information and address knowledge gap in the
cheese-making industries, through performing literature reviews, conducting data collection
and analysis of energy information to characterize the production and energy usage associated
with this industrial sector. Details of the outcomes have been documented and published as a
journal paper (Xu et al. 2009). In particular, this chapter will include the following tasks:

1) Perform process analysis and modeling for cheese-making

2) Analyze and characterize energy usage in existing cheese markets and cheese-making
plants

3) Assess and quantify the magnitudes of specific energy consumption (SEC) across
countries, regions, individual plants, and processes to compare energy performance of
cheese-making processes

4) Summarize the information developed for integrated benchmarking framework for
cheese-making.

2.3 Chapter Method

In this chapter, we first gathered and compiled dairy production and energy data through
performing extensive literature research on dairy processing industries, with a focus on the
global cheese-making industries. Then we performed reviews and analysis of available
production and energy data to characterize energy use in the sector, including process analysis
and modeling. The characterization will then provide a basis for performance comparison,
which can suggest possible efficiency improvement opportunities. Finally, in order to illustrate
how to benefit from characterization results, the chapter short-lists technologies that have been
identified to improve energy efficiency in cheese-making plants.

2.3.1 Specific energy consumption, or energy use intensity

Specific energy consumption (SEC), sometimes also referred to as energy use intensity, has been
adopted to benchmark energy intensity and to assess energy performance of the plants in a
variety of industries (Ramirez et al 2006, Hu and Chuah 2003, Worrel et al. 2003, Hu et al. 2009).
In addition to analyzing energy data associated with cheese-making markets in the selected
countries (regions) from which the data are available in open literatures, we used specific
energy consumption as a metric to characterize energy usage in cheese-making plants and
processes in this study.

Specific energy consumption is defined as the energy use, in the form of either primary energy
or final energy (i.e., end-use), divided by the production of cheese products. In this chapter, a
SEC value can be applied to any specific process step within a cheese plant (Equation 1), and
can be used to quantify the overall energy intensity of a cheese plant (Equation 2). When
focusing on the energy end-use, we quantify the magnitudes of SEC using final energy
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whenever feasible to compare the levels of efficiency of different equipment or processes using
the same energy source; when focusing on understanding total efficiency and environmental
impact associated with energy use in cheese-making, we resort more to magnitudes of SEC
based on primary energy when feasible to compare the intensity of required source energy
consumption. . Either form of SEC (final or primary) characterizes the magnitudes of energy use
intensity for existing cheese production in a plant normalized by the associated final cheese
production.

SEC, = % Fq. (1
n £

SEC =5 Ea-)

)2

Where:

Ej = actual energy usage of process step i

Pj = production quantity for process step i

n = number of process steps to be aggregated

P = total actual cheese production

In general, a plant or process with a lower SEC value corresponds to a higher level of energy
efficiency when comparing with a similar plant or similar process. By comparing to a
benchmark SEC, the information developed can be used to assess the relative energy-efficiency
potential of a plant. The SEC values can also be used for evaluating and tracking a plant’s
progress in energy efficiency improvements over time, by eliminating the effects of a change in
product mix.

2.3.2 Dairy processes analysis and modeling

In order to develop meaningful SEC values for cheese-making processes and plants, a good
understanding of the cheese-making process is needed. Cheese is one of the various dairy
products that have one thing in common - they are all made out of raw milk. Raw milk consists
of water and a variety of milk solids that include fat, casein protein (an important element for
cheese), whey protein, lactose, organic acids, mineral substances, and a small part of
miscellaneous solids. Different dairy products contain different concentrations of solids, so
essentially manufacturing dairy products is mostly about concentrating and separating solids
(Feitz et al. 2007). Furthermore, hygiene issues are very important as milk contains bacteria and
can be very perishable (Walstra et al. 2006). To concentrate or separate solids, different
techniques can be used based on controls of weight, molecular structure, boiling/freezing point,
and other parameters. Sometimes microorganisms are used to enable separation and to give the
product its own characteristics. The cheese-making process typically consists of various stages,
some of which require substantial amounts of energy input. Figure 1 illustrates major processes
for typical cheese making,.



Raw Milk

l

Milk reception
- Transport
- Storage
- Cleaning-in-place (CIP)

l

Milk treatment
- Standardization
- Pasteurization

- CIP

Cheese making

- Coagulation

- Curd Manipulation

- CIP

\
\
| X
Cheese Whey

Figure 1 Analysis and modeling of major process steps in typical cheese-making



Specifically, the first step in cheese-making process is milk reception that requires transporting,
storing and maintaining the raw milk at a low temperature (4-7 °C) to prevent it from perishing.
The second step is milk treatment that require standardization of solids content (mainly fat and
protein), which will involve separation and additional follow-up processes. In addition,
pasteurization of the standardized milk is required prior to cheese-making to meet hygiene
requirements. Moreover, according to Kelly et al. (2008), there has been consistent interest in
more novel strategies for pre-treatment of cheese-milk to increase yield or control microbiology.
In the third step of cheese making, the process is continued by adding a starter with specific
temperature control and pH regulation - leading to coagulation and eventually formation of
curd (mainly casein protein, fat and water). For each of these steps, daily cleaning-in-place (CIP)
of the process and storage equipment is also required for hygiene reasons. The remainder,
whey, is drained off from the curd. After salt is added to the curd to inhibit the bacterial
activity, the curd is shaped into a cheese product. Cheese storage and ripening can alter the
taste and appearance further until the desired cheese is produced.

In general, energy use in dairy processing are associated with processes of concentration (e.g.,
heating), separation (e.g., dynamic power), biological conversion (e.g., temperature control,
storage), and hygiene requirements (e.g., CIP). The cheese manufacturing sector typically uses
thermal energy (mainly natural gas) and electricity. Thermal energy (e.g., natural gas) is used in
processes like pasteurization, evaporation, and cleaning, while electricity is used for
transportation (e.g., pumps), storage (e.g., refrigeration), separation (e.g., centrifugation and
ultra-filtration), and cleaning.

In this chapter, we analyzed energy data by fuel type for each process step to the extent
possible, and assessed SEC levels for processes and plants for a selection of regions or countries
from which the data is available in open literatures. The analysis will illustrate energy-efficiency
potential or energy-saving opportunities for cheese-making plants, and will help to identify
“state-of-the-art” cheese-making plants or processes that exhibit higher benchmarked energy
performance.

2.4 Energy Benchmark and Opportunity Assessment

2.4.1 Characterization of energy usage in existing markets and cheese-making
plants

The compiled information presented in Table 1 shows that Northern America and Europe are
by far the largest cheese producers in the world, while the majority of the other continents have
experienced increasing annual raw milk and cheese production. In particular, positive annual
growth in cheese production is experienced in every continent.

This chapter will further focus on a more detailed analysis of cheese production and energy use
in the United States (including California) and a few European countries because of their large
share in global cheese production and data availability.

Table 2 shows production and energy consumption data for the dairy processing sector by
country or region. Annual milk production in the United States including California has
maintained a positive growing trend, exhibiting an average annual growth rate of 1.3% (USA)
and 4% (California) during 1995 and 2005; while the European countries in this study (i.e., Great
Britain, Netherland, Denmark, and Norway) showed slight declines within the same period.
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Associated with the milk production, the total electricity use for processing milk in the USA
increased at the rate of 5.7% while the majority of the European countries in this study
experience negative growth trend in energy use (except for Denmark).

It is also evident that variation of total energy intensity (end-use SEC) per country is relatively
large - ranging from 0.8 up to 1.9 MJ per kg raw milk, while shares of energy sources (fuel
versus electricity) also varied across the countries. Great Britain exhibited relatively low values
of total energy intensity, which may be partially attributed to the product mixes with a
relatively lower share of energy intensive products (USDOA 2009, CBS 2009, EC 2008). In the
case of The Netherlands, a significant share (i.e., 11/13=85%) of energy used in dairy processing
came from fuel (e.g., natural gas) because there are a lot of plants that use combined heat and
power (CHP) to generate onsite electricity (Ramirez et al. 2006).

Table 1 Global raw milk and cheese production in 2005 (Data source: FAO 2009)

Unit Africa  America America Asia Europe Pacific World
(Northern)? (Latin)? Total
E::Zliglgn 100kg 323 88.1 66.9 2179 2154 248 645.3
gAr‘:“;;lb) % 33%  1.2% 2.9% 43%  -05%  34% 1.8%
f;‘;g::ed 10°kg 0.9 49 0.9 14 9.9 0.7 187
gAr‘:“;;lb) % 41%  25% 13% 3% 23% 4.7% 2.5%
Notes:

a) Latin America includes Mexico
b) Annual growth rate is calculated for the period of 1995-2005
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Table 2. Production and final energy use for the dairy processing sector by country or region (in 2005,
unless stated otherwise)

USA-
Dairy sector Unit USA CA GBR NLD DNK NOR Derived from:
Raw milk FAO2009,USDOA 2009
9 4 4
production 10°kg 80.3 171 14.5 10.8 4.6 1.6 CBS 2009
(growth rate) (%/year) (1.3) (4.0) (-0.3) (-0.3)  (03)  (-04)
Raw mill 10°kg 7738 173 14.0 105 45 15 EC 2008
processedb)
US Census 2006,DEFRA
c) 9 ',
Revenue 10°% $76.9 $9.8 $12 $6.3 $3.9 $1.7 2007, XE 2009
Final energy
(end use)
Total PJ 107-1429  16.69) 113 13.1 7.1 24
(growth . CBS, US Census 2006, 2009,
7 . ) T4 -U. . -U.
rate) (%/year) (57) (N/A) (-2.4) (-0.7) (1.2) -0.) CEC 2004a & b, Statistics
. Denmark 2009a, Statistics
Electricity PJ 32.0 3.89 4.2 2.0 1.6 1.6 Norway 2009, DECC 2009
Fuel PJ 75-1109) 12.8¢) 7.1 11.0 55 0.7
Total energy MI/ke 14000 10 0.8 1.2 14 15
intensity raw milk
109k EIA 2007, Marnay et al.
GHG emissions & 10.28) 1.2h 1.19 0.908) 0.55) 0.119 2002, EIA 2009, Statistics
CO»
Denmark 2009b

Notes:
a) Annual growth rate derived from growth between 1995 - 2005

b) Milk processed for USA and Norway estimated based on similar ratios of GBR, NLD & DNK. Milk processed for California
is slightly higher than its own milk production due to additional import from other states (CDFA 2009)

¢) USS$, using currency conversion rates of July 1st, 2005 (XE 2009)

d) Final fuel energy range for USA for 2002-2006 was estimated based on total fuel expenditure divided by yearly gas price, and
using electricity/fuel ratio in food industry in 2002 (EIA 2007)

e) Energy use for Californian dairy sector based on 2004 with high uncertainties, no data for 2005 was found available in this
study

f) USA energy growth rate only based on electricity consumption because of insufficient total energy data
g) USA energy intensity for the dairy sector based on range for 2002-2006 due to uncertainty in fuel use
g) Estimation based on average countrywide GHG emissions for primary energy

h) Estimation with high uncertainties based on average GHG emissions for electricity in California (Marnay et al. 2002) and fuel
emission factors (EIA 2009)

i) Estimation based on average countrywide GHG emissions for primary energy and values calculated by(Statistics Denmark
2009b).
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Table 3 shows comparable information on cheese production and energy consumption for the
cheese-making sector by country or region, including end-use energy intensity (final SEC) for
cheese-making on the state or national level (e.g., California).

Table 3. Production and final energy use for the cheese-making sector by country or region

USA- Derived from
Cheese sector Unit USA CA GBR NLD DNK NOR
Raw milk 100kg 3550  8.00) 35 6.0 28) 069  EIA 2009, CMAB 2008, DEFRA 2008
processed
9
Cheese 107kg 45 1.02 0.39 0.67 036  0.08
o %/ FAO 2009,USDOA 2009, EC 2008
production (2.6) (8.4) (1.0) (-0.3) (13)  (-0.4)
year)
Revenue®) 109% $17.60  $2179  N/A $2.6 N/A  $0.56 Sgsczei(;isljz%&ans“s 2006, XE 2009,
Energy end use
N 35000- .
Total® TJ 100000 74390 N/A 3386  N/A N/A  US Census 2006, CEC 2004a
Intensityh
YU M/k g0 80 N/A 4.99 N/A N/A  Oldenhof 2004

or SEC cheese

Notes

a) Annual growth rate derived from growth between 1995 - 2005

b) Milk processed for cheese in California is 47% of total milk production according to CMAB 2008

c¢) The ratio of raw milk to cheese in California is also used for USA, Denmark and Norway as these countries all
produce a significant share of fresh cheese which has a higher yield (Walstra et al. 2006)

d) For NLD the ratio of milk to cheese is estimated based on the same ratio as GBR, as both countries produce a
relatively low amount of fresh cheese.

e) $ currency conversion rates of July 1st, 2005 have been used (XE 2009).

f) Revenue for Cheese in the USA is derived by multiplying the revenue including processed cheese (i.e. blended,
grinded, sliced, etc.) by the same ratio between revenues of cheese and processed cheese in 2002

g) Revenue for cheese in California is for 2002 and therefore probably lower due to the industry growth and
inflation

h) Energy use and intensity includes processing of liquid whey, but not the production of whey powder

1) Final electricity use is 9673 TJ, while final fuel energy use range is estimated for USA. This estimation is based
on both the same electricity to fuel ratio for 2005 as in 2002 calculated by using the same fuel price as for the entire
food industry ((US Census 2004a, US Census 2006), and on the total fuel expenditure, $189 million, divided by a

fuel price that increased from 2002 to 2005 in the same way done for natural gas (EIA). The total energy use was
then compensated for processed cheese using same energy ratio between cheese and processed cheese in NLD 2004.

j) Californian cheese energy use excludes cottage cheese and includes processed cheese, but the production of
processed cheese in California is very small, below 4% of revenue in 2002 (US Census 2004a). The total final
energy use is based on Californian Energy Balance numbers, which were 1796 TJ electricity and 4325 TJ natural gas
and an estimation for other fuel use. The estimation was based on the same ratio between natural gas and other fuels
in the food industry in the West Census Region (US Census 2004a). The intensity does not include cottage cheese
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and has been corrected for processed cheese using the same energy ratio between cheese and processed cheese in
NLD (Oldenhof 2004).

k) Energy use for cheese in NLD is derived from primary energy use and converted back to electricity and natural
gas use by using the same split as the entire dairy industry and a conversion factor from primary to final of 0.4 for
electricity and 1.0 for natural gas as used in (Oldenhof 2004).

1) USA cheese energy intensity excludes cottage cheese and was, therefore, calculated by dividing total final energy
use by the total quantity of cheese produced minus the amount of cottage cheese produced.

Compared to the entire dairy sector by country and state, cheese production exhibited sustained
annual growth rates (e.g., USA at 2.6%, California at 8.4% from 1995 to 2005). Coupled with the
increased cheese production was the increased energy use in cheese sector in USA. For example,
the final electricity consumption was 8.5 PJ in 2002 and 9.6 PJ in 2006, exhibiting a total growth
rate at 12.8% during the period and at 3.1% annually. The annual growth rate of electricity use
was slightly higher than the annual growth rate of cheese production during 2002 and 2006 in
USA (i.e., 2.7%), indicating increasing electricity intensity over the years (US Census 2006). In
some European countries, i.e., Great Britain and Demark, average annual cheese production
was actually growing despite the fact that their annual raw milk production was declining.
Corresponding to the increasing annual cheese production was the increasing share of raw milk
used for cheese production.

Table 3 shows large differences in average SEC values for cheese production among USA (8.4-
9.6 MJ per kg cheese) and the Netherlands (4.9 MJ] per kg cheese). Contrasting to its lower
overall energy intensity of the Californian dairy sector (1.0 MJ per kg of raw milk processed)
than that of the Netherlands (1.2 MJ per kg of raw milked processed) was the higher cheese
energy intensity (i.e., SEC value) in California (8.0 M] per kg cheese) than in The Netherlands
(i.e., 4.9 per kg cheese). The disparity of the magnitudes indicates that potential in energy
savings could be very large in California’s cheese processing sector as well as in the cheese-
making sector in entire United States.

2.4.2 Specific energy consumption of cheese plants and processes

One caveat in evaluating an overall industrial plant is that there is a rarely a completely
homogenous and identical production (output) to use as the basis for calculating energy use
intensity. In electricity generation, it is common to think of energy intensity in terms of energy
use per kilowatt-hour of electricity generated. There is basically one output commodity in
electricity generation, so this metric makes sense. For industrial manufacturing, such as cheese
making, output is generally much more heterogeneous. Producing different cheese varieties
also have different energy requirements, resulting from variations in process conditions, like
temperature, cooking time etc. Other factors that influence the energy use of plants are among
others production location (climate), plant size and age (FAO 1990, Bosia 2008). While the
cheese-making processes can be different from one another depending on various final cheese
types, we consider specific energy consumption as a starting point to characterize energy use
through normalizing via cheese production in mass.

Table 4 shows various ranges of specific energy consumption among individual cheese plants
grouped by country or region (indicated in row) based upon available literatures that were
reviewed in this study. The ranges of SEC values were significant within the same country as
well as across different continents. For example, the lowest total SEC (2.3 MJ/kg cheese) in the
USA is less than one-third of its average total SEC (ranging 8.4-9.6 MJ/kg cheese, Table 3) while
the highest total SEC (16.8 MJ/kg cheese) is about twice the average SEC. In Europe the SEC
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values ranged from 2.1 to 68.2 M]/kg cheese, exhibiting difference of more than thirty times.
The relative shares of fuel vs. electricity also changed from region to region. Apparently, the
magnitude of the difference in SEC values for cheese-making sector likely indicates significant
opportunities or potentials for energy savings. Based on the SEC ranges, the lower end of the
ranges noted could be used as a starting target for best practice and energy efficiency
improvement in cheese plants. Table 5 shows the average energy distribution of 34 Dutch
cheese plants in the late 1990s. On average the energy intensity of cheese in these plants in The
Netherlands in 1998 was about 4.3 MJ/ kg cheese. The breakdown is based on a report from
Arcadis (2000). Some values are directly taken from the report; others are estimated by using
the intensities for similar processes in production of other products and additional reports
(ETSU 1998, NRCAN 2001). If the cheese is stored longer than 14 days (post-cheese making), on
average 32% extra energy is used for that additional step for cheese storage/ripening.

Table 4 Ranges of final SEC values for the individual cheese plants reviewed

ECR # .

SEC Range lants Totalb Electricity? Fuel® Sources

MJ/ kg P

cheese® Low High Low High Low  High

USA 12 23 16.8 0.5 23 0.4 14.7 TACD 2008,Morgan
2006

Australia 5 or 1.8 6.8 0.8 0.8 1.0 439  Feitz 2007 Joyce &

more Burgi 1993, Prasad

et al. 2004

Europe n/a 216 68.26) 0.7 264 1.4 41.8@)  IPPC 2006

Scandinavia 12 39 26.8 N/A N/A Korsstrom & Lampi
2002.

Netherlands 34 24@H  1086H N/A N/A Arcadis 2000

Notes:

a) Values include liquid whey processing, except for Dutch data

b) Ranges in electricity and fuel consumption do not always add up to the ranges in total consumption because
plants have varying distributions in electricity and fuel use. Total consumption is calculated by using consumption
levels of electricity and fuel from the same plant except for Europe (see comment e).

c¢) Average use of plants that participated in a survey in 1982 in Australia.
d) Includes whey powder production

e) Calculated by summing up electricity and fuel consumption, respectively. The source literature does not indicate
the plants from which corresponding numbers are derived. Therefore, the lowest and highest SEC are not necessarily
for the same plant. Consequently, the SEC values shown here are meant to indicate a wide range observed from a
combination of different plants, rather than to indicate the SEC ranges strictly corresponding to those individual
plants. In another word, both ends of the SEC numbers shown in the table can be regarded as “conservative.”

f) Derived from primary energy use and converted back to electricity and natural gas use by using the same split as
the entire dairy industry and a conversion factor from primary to final of 0.385 for electricity and 1.0 for natural gas
as used in (Arcadis 2000).
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Table 5 Average primary energy breakdown for cheese plants in 1998 in the Netherlands (Arcadis 2000)

Percentage of

cheese-making primary SEC value

Ranges in share of total primary energy use Low Ave High
Milk reception Reception/thermization 8% 9% 10%
Milk treatment Standardization® 1% n/a 4%
Pasteurization” 17% n/a 26%
Cheese making Cheese processing 7% n/a 14%
Cheese storage Cheese treatment/storage 12% n/a 32%
Supporting processes Pressurized air 2% 2% 3%
CIP 8% 9% 10%
Cooling/refrigeration 8% 9% 10%
Other” 6% n/a 22%
Total cheese-making Primary SECp:im 4.3 MJ/kg in 1998 - 100% -
Primary SECp:im 3.9 MJ/kg in 2002 - 100% -
Post-cheese making, i.e., Cheese ripening/storage? 9% 32% 65%
additional to cheese- Whey processing 1998 n/a 55% n/a
making SEC
Whey processing 2002 n/a 43% n/a
* Notes - - not applicable n/a - not available

a) Range is based on data from 14 Dutch cheese plants that store cheese for longer than 14 days[ Arcadis 2000]

Furthermore, additional use of primary energy required for liquid whey processing on-site, was
equivalent to 43% of the total cheese-making primary SEC (i.e., 3.9 M]/kg cheese) in 2002
(Oldenhof 2004), and 55% of the total cheese-making SEC (i.e., 4.3 MJ/kg cheese) in 1998
(Arcadis 2000) of the energy use on top of Dutch cheese production. However, energy intensity
for this additional step greatly depends on the level of actual whey solid concentration as this
can vary greatly-ranging from raw-whey’s 5% solid content to 15%-60% solids content (Arcadis
2000). In addition, we calculated that the actual energy intensity of the additional process for
whey-making was 0.20 MJ per kg raw whey in 1998 and 0.16 MJ / kg raw whey in 2002 (EC
2008).

Table 6 shows the distribution of energy use in California cheese-making processes based upon
the study report (CIFAR 2006). The distribution is presented as the percentage of energy use for
four grouped-functions compared to the total final energy use in the cheese plants. Each of the
grouped-functions included a mixed of process equipment and facility equipment; therefore, it
is different from actual cheese-making process steps. For example, pumps, motors, fans,
conveyors and lighting in the first group are supporting equipment for the process and mainly
use electricity that counts for 35% of the total energy use in cheese-making. The second group
includes major processing equipment that mainly uses thermal energy, representing largest
portion (i.e., 40%) of total energy use in cheese-making. Additional cooling utilities mainly use
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electric energy, accounting for about 20% of the total energy use. The last group includes
equipment for hygiene processes that uses both thermal energy and electricity.

Table 6. Distribution of final energy use (%) for cheese-processing sector in California (CIFAR 2006)

Pumps Pasteurization ~ Cooling Sanitation Total Total SEC
Motors Heating Freezing Clean in MJ / kg
Fans Systems Refrigeration Place cheese
Conveyors Evaporators
Lighting Dryers

Sterilization
35% 40% 20% 5% 100% 8.0

In summary, the function-based energy distribution may indicate the relative energy demand
for groups of equipment or facility that provide specific functions, but it does not provide direct
information on energy use for specific process or facility systems.

For characterizing energy use in processes, it would be advantageous to quantify SEC values
based upon process-step whenever possible. For example, when following the process-step
approach, processes with higher energy demand (high SEC values) can be readily identified. In
addition, process step SEC values can be used to compare a number of different facilities, even
if their production methods and outputs may vary.

Our extensive literature research has resulted in a limited set of data that is available for
quantifying process-step SEC values in cheese-making processes. Table 7 shows some average
SEC values for different cheese-making processes in the Netherlands in the late 1990s based
upon the study by Arcadis 2000 . The same study also found that in the Netherlands there was a
clear correlation between plant size and SEC values, i.e., large plants tend to be associated with
lower SEC values than smaller plants. This indicated that larger plants tended to be more
energy efficient when using SEC to compare energy performance.
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Table 7. Average primary SEC of processes for cheese-making in The Netherlands, late 1990s (Arcadis
2000)

Process Fuel (final) Electricity Primary
(MJ/kg) (Fina) MJriin/kg
(MJ/kg)
Process stage:
Milk reception n/a n/a 0.4
Milk treatment n/a n/a n/a
Cheese making n/a n/a 0.3-0.6
Cheese treatment / n/a n/a 0.5-1.4
storage
Utilities:
Refrigeration - 0.15 0.4
Pressurized air - 0.04 0.1
CIP 0.28 0.03 0.4
Specific process: Per kg milk input
Separation - 0.004-0.008 0.01-0.022)
(centrifugation)
"Notes - — not applicable n/a — not available

a) Derived from final electricity use by dividing it by a conversion factor from primary to final
electricity of 0.385 as used in Arcadis 2000.

3. Energy saving measures and strategies

Using the SEC information, inefficient processes within an individual plant can be identified by
comparing process-specific SEC values for each process with certain energy-efficiency targets
that could be identified through benchmarking. Best practices can be recommended based upon
SEC characterization and benchmarking. Once the inefficient processes are identified, energy-
efficiency technologies and measures could be identified, recommended, and implemented to
improve the energy efficiency of the processes. For example, in The Netherlands many dairy
companies signed agreements to dedicate themselves to increase energy efficiency. These long-
term agreements, starting in 2001, have required participating companies to formulate an
energy reduction plan every four years and to implement “proven” reduction measures with a
payback period of less than five years. The overall efficiency of the industry has been monitored
and efficiency measures were developed for energy reductions (SenterNovem 2008). The
measures include cross-cutting measures that are common used in a variety of food processing
or some other manufacturing industries (e.g., variable frequency control, leak repair in steam
systems, and refrigeration systems), and potential process-specific measures that can be
applicable to specific dairy processes (e.g., changes in production process and pasteurization).
As a result from these measures and programs, we have found a significant energy reduction in
terms of specific energy consumption for the cheese-making sector in the Netherlands, i.e., the
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total cheese-making primary SEC was reduced to 3.9 MJ/kg cheese in 2002 (Oldenhof 2004)
from 4.3 MJ/kg cheese in 1998 (Arcadis 2000) as shown in Table 5.

Coupled with the increased cheese production was the increased energy use in cheese sector in
USA. For example, the final electricity consumption was 8.5 PJ in 2002 and 9.6 PJ in 2006,
exhibiting a total growth rate at 12.8% during the period and an annual growth rate at 3.1%. The
annual growth rate of electricity use was slightly higher than the growth rate of cheese
production during 2002 and 2006 in USA (i.e., 2.7%)(FAO 2009, US Census 2006). The SEC
values for the cheese plants in USA have increased over the years. To our knowledge, there
was no known systematic energy program that promotes implementation of energy efficiency
measurements or implementation.

The analysis indicates that there is positive association between implementation of energy-
monitoring program (including implementing efficiency measures) and the decreasing trends of
specific energy consumption over time, and suggests that developing and promulgating an
energy-benchmarking framework including process-step approach and efficiency measures
should be recommended for evaluating energy performance and improving energy efficiency in
cheese-making industry.

2.4.3 Discussion

Overall, the information presented in the Table 4 through Table 7 has provided meaningful
characterization of energy use in cheese-making industry by quantifying the magnitudes of
various energy intensity (SEC based on primary or final energy consumption) of cheese-making
plants, and in some cases, SEC values for specific process steps. The availability of such
benchmarks based on reviews and analyses of the energy data gathered from cheese plants
around the world in this study is useful for assessing the relative efficiency of cheese-making
process across regions, plants, or individual process steps. As a starting point, the quantitative
data such as SEC values presented can be used to establish the performance target for best
practices in cheese-making sector. However, it is also clear that the data from available open
literature for fully quantifying SEC values for process-step is still limited and often fragmented
for the regions and countries identified in this study.

There is a need to obtain actual energy and production data on the level of individual process
step as well as on the plant level through future energy benchmarking, including future
international and regional collaboration in sharing the new data. Once more SEC values are
determined through further benchmarking work, quantitative assessment of the energy
efficiency for individual process steps and equipment can be made, after which the achievable
energy-efficiency potential can